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4 States of Matter 

The study of the particles in solids, liquids and gases and the interactions between 
them is important in understanding the physical properties of substances. 

4.1 The gaseous state: ideal and real gases and pV = nRT  

4.2 The liquid state 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4 States of matter

The study of the particles in solids, liquids and gases and the interactions between them is important in 
understanding the physical properties of substances.  

Learning outcomes 
Candidates should be able to: 

4.1  The gaseous state: 
ideal and real gases 
and pV = nRT

a) state the basic assumptions of the kinetic theory as applied to an ideal 
gas

b) explain qualitatively in terms of intermolecular forces and molecular size:
(i)  the conditions necessary for a gas to approach ideal behaviour
(ii)  the limitations of ideality at very high pressures and very low 

temperatures
c) state and use the general gas equation pV = nRT in calculations, 

including the determination of Mr 

4.2  The liquid state a) describe, using a kinetic-molecular model, the liquid state, melting, 
vaporisation, vapour pressure 

4.3  The solid state: 
lattice structures

a) describe, in simple terms, the lattice structure of a crystalline solid 
which is:
(i) ionic, as in sodium chloride, magnesium oxide
(ii)  simple molecular, as in iodine and the fullerene allotropes of carbon 

(C60 and nanotubes only)
(iii)  giant molecular, as in silicon(IV) oxide and the graphite, diamond and 

graphene allotropes of carbon 
(iv) hydrogen-bonded, as in ice
(v) metallic, as in copper

b) discuss the finite nature of materials as a resource and the importance 
of recycling processes

c) outline the importance of hydrogen bonding to the physical properties 
of substances, including ice and water (for example, boiling and melting 
points, viscosity and surface tension)

d) suggest from quoted physical data the type of structure and bonding 
present in a substance 

Syllabus content
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KINETIC THEORY OF GASES

The idea that molecules in gases are in constant movement is called the 

kinetic theory of gases. This theory makes certain assumptions: 

1. Gases are made up of tiny particles, “molecules” in a state of rapid, 
random motion.  

2. Average kinetic energy of particles is directly proportional to the 

temperature of gas in Kelvin 

3. All collisions are perfectly elastic i.e. there is no loss of kinetic energy.  

4. Collisions between the molecules and the walls of the container give 
rise to pressure.

 1

KINETIC THEORY OF GASES

5. The volume of molecules is negligible compared to the volume of the 

gas. 
(The distance between the gas molecules is much greater than the 

diameter of the molecules so the volume of the molecules is 

negligible) 

6. Attractive forces between particles are negligible.

 2
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BOYLE’S LAW

The volume of a gas varies inversely with the pressure exerted by the gas 
if the number of moles and temperature of gas are held constant. This 
relationship is known as Boyle’s law. The product of pressure (P) and 
volume (V) is a constant: 

PV =  k (constant) 
P1V1 = P2V2

 3

775  States of matter

is proportional to its temperature measured in kelvin 
(Figure 5.3b).

An ideal gas will have a volume that varies exactly 
in proportion to its temperature and exactly in inverse 
proportion to its pressure.

Gases in a container exert a pressure. Th is is because 
the gas molecules are constantly hitting the walls of 
the container. If we decrease the volume of a gas (at 
constant temperature) the molecules are squashed closer 
together and hit the walls of the container more often. 
So the pressure of the gas increases (Figure 5.2a). A 
graph of volume of gas plotted against 1/pressure gives 
a proportional relationship (as shown by the straight 
line in Figure 5.2b). We say that the volume is inversely 
proportional to the pressure.

When a gas is heated at constant pressure its volume 
increases (Figure 5.3a). Th is is because the particles move 
faster and hit the walls of the container with greater force. 
If the pressure is to be constant the molecules must get 
further apart. Th e volume of a gas at constant pressure 

4 Some chemical reactions involving gases are 
performed in sealed glass tubes which do not 
melt at high temperatures. Th e tubes have 
thin walls and can easily break. Use the kinetic 
theory of gases to explain why the tubes should 
not be heated to high temperatures.

Check-up

Figure 5.3 a As the temperature increases, the volume of a gas increases. Molecules hit the walls with increased force. b For an ideal gas, the volume of a 
gas is proportional to its kelvin temperature.
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Figure 5.2 a As the volume of a gas decreases, its pressure increases due to the increased frequency of the gas molecules hitting the walls of the container. 
b For an ideal gas a plot of the volume of gas against 1/pressure shows a proportional relationship.
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SKILL CHECK 1

Which diagram shows the correct graph of V against p for a fixed mass of 

an ideal gas at constant temperature?  

 4
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CHARLES' LAW

The volume of a gas varies directly with the absolute temperature (K) if 

pressure and number of moles of gas are constant. 

Mathematically, the ratio of volume (V) and temperature (T) is a constant: 

V/T  = k (constant) 
V = kT

 5

775  States of matter

is proportional to its temperature measured in kelvin 
(Figure 5.3b).

An ideal gas will have a volume that varies exactly 
in proportion to its temperature and exactly in inverse 
proportion to its pressure.

Gases in a container exert a pressure. Th is is because 
the gas molecules are constantly hitting the walls of 
the container. If we decrease the volume of a gas (at 
constant temperature) the molecules are squashed closer 
together and hit the walls of the container more often. 
So the pressure of the gas increases (Figure 5.2a). A 
graph of volume of gas plotted against 1/pressure gives 
a proportional relationship (as shown by the straight 
line in Figure 5.2b). We say that the volume is inversely 
proportional to the pressure.

When a gas is heated at constant pressure its volume 
increases (Figure 5.3a). Th is is because the particles move 
faster and hit the walls of the container with greater force. 
If the pressure is to be constant the molecules must get 
further apart. Th e volume of a gas at constant pressure 

4 Some chemical reactions involving gases are 
performed in sealed glass tubes which do not 
melt at high temperatures. Th e tubes have 
thin walls and can easily break. Use the kinetic 
theory of gases to explain why the tubes should 
not be heated to high temperatures.

Check-up

Figure 5.3 a As the temperature increases, the volume of a gas increases. Molecules hit the walls with increased force. b For an ideal gas, the volume of a 
gas is proportional to its kelvin temperature.
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Figure 5.2 a As the volume of a gas decreases, its pressure increases due to the increased frequency of the gas molecules hitting the walls of the container. 
b For an ideal gas a plot of the volume of gas against 1/pressure shows a proportional relationship.
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AVAGADRO’S LAW

Equal volumes of any ideal gas contain the same number of moles if 

measured under the same conditions of temperature and pressure. 

Mathematically, the ratio of volume (V) to number of moles (n) is a 

constant: 

V/n = k (constant) 
V = nk

 6
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IDEAL GAS LAW

Boyle’s law (relating volume and pressure), Charles’s law (relating volume and 

temperature), and Avogadro’s law (relating volume to the number of moles) may 

be combined into a single expression relating all four terms.  

This expression is the ideal gas law: 

PV =  nRT 

P = pressure of the gas in Nm-2        n = number of moles of the gas 

V = volume of the gas in m3             T = absolute temperature of the gas in K 

R = a constant referred to as the Universal gas constant* 

*Unit and value of R   =  8.31 J mol—1 K—1

 7

SKILL CHECK 2

The general gas equation can be used to calculate the Mr value of a gas.  

For a sample of a gas of mass m g, which expression will give the value of Mr?  

 8
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SKILL CHECK 3

The volume of a sample of ammonia is measured at a temperature of 

60°C and a pressure of 103 kPa. The volume measured is 5.37 x 10-3 m3.  

What is the mass of the sample of ammonia, given to two significant 

figures?  

A   0.00019 g           B   0.0034 g           C   0.19 g           D   3.4 g

 9

SKILL CHECK 4

Which diagram correctly describes the behaviour of a fixed mass of an 

ideal gas? (T is measured in K.) 

 10
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DALTON’S LAW OF PARTIAL PRESSURES
A mixture of gases exerts a pressure that is the sum of the pressures that 
each gas would exert if it were present alone under the same conditions.  

Consider two gases A and B occupying a given volume individually at a 
given temperature. Let their pressures be pa = 8 Pa and pb = 3 Pa. Now 

consider the same amount of the two gases A and B occupying the same 

volume at the same temperature all together. 

 11

140 8  Equilibrium

Equilibrium expressions involving 
partial pressures
We write equilibrium expressions in terms of partial 
pressures in a similar way to equilibrium expressions in 
terms of concentrations. But there are some diff erences:
• we use p for partial pressure
• the reactants and products are written as subscripts 

after the p
• the number of moles of particular reactants or products 

is written as a power after the p
• square brackets are not used
• we give the equilibrium constant the symbol Kp (the 

equilibrium constant in terms of partial pressures).
For example, the equilibrium expression for the reaction:

N2(g) + 3H2(g)  2NH3(g)

is written as K
p

p pp
NH

N H
3

3

2 2

=
2

×

What are the units of Kp?
Th e units of pressure are pascals, Pa. Th e units of Kp 
depend on the form of the equilibrium expression.

Th e total pressure of a gas equals the sum of the partial 
pressures of the individual gases.

ptotal = pA + pB + pC …

where pA, pB, pC are the partial pressures of the individual 
gases in the mixture.

The concentration of a gas is related to its pressure by the ideal 
gas equation pV = nRT.

Rearranging this we get 
n
V

p
RT

= .

n
V

 is the concentration. Since R is a constant, and if the 

temperature is constant, we see that the concentration of gas is 
proportional to the pressure of the gas.

Fact fi le

9 Th e reaction below was carried out at a 
pressure of 10.00 × 104 Pa and at constant 
temperature.

N2(g) + O2(g)  2NO(g)

Th e partial pressures of nitrogen and oxygen 
are both 4.85 × 104 Pa.

Calculate the partial pressure of the 
nitrogen(II) oxide, NO(g), at equilibrium.

Check-up

Worked examples

8 For the reaction:

N2O4(g)  2NO2(g)

Th e equilibrium expression is:

K
p
pp

NO
2

N O

2

2 4

=

Th e units are Pa Pa
Pa
×  = Pa

9 For the reaction:

2SO2(g) + O2(g)  2SO3(g)

Th e equilibrium expression is:

K
p

p pp
SO
2

SO
2

O

3

2 2

=
×

Th e units are Pa Pa
Pa Pa Pa Pa

= 1×
× ×

 = Pa−1

Figure 8.10 Each gas in this mixture contributes to the pressure in 
proportion to the number of moles present.

gas A
gas B

partial 
pressure
= 8 Pa

partial 
pressure
= 3 Pa

total
pressure
= 11 Pa

The volumes of the containers are the same.

DALTON’S LAW OF PARTIAL PRESSURES

Let the total pressure be PT. Then according to Dalton’s law:     

PT  = pa + pb       

pa and pb are referred to as partial pressures 

Hence p =  x P where p is the partial pressure, and x is the mol fraction of 
the gas       

 12
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SKILL CHECK 5

a. 80 g of oxygen, 140 g of nitrogen, 44 g of carbon dioxide and 60 g of 
argon when confined in a vessel exerted pressure of a 3.6 x 106 Nm-2. 
Hence calculate the partial pressure of each of the gases.                    

b. A mixture of gases at a pressure 7.50 x104 Nm-2 has the volume 
composition 40% nitrogen, 35% oxygen and 25% carbon dioxide. What is 
the partial pressure of each gas?  

c. 2.0 dm3 of nitrogen at a pressure of 1.0 x 105 Pa and 5.0 dm3 of 
hydrogen at a pressure of 5.0 x 105 Pa are injected into a 10 dm3 vessel. 
What is the pressure of the mixture of the gases? 

 13

REAL GASES VS IDEAL GAS

The validity of Boyle’s Law was tested over a wide range of pressures 
and it was found that none of the gases obeyed the law.  

If the gases obeyed Boyle’s law, the plots of PV against P should be 
parallel to the x axis. None of the gases gave such a graph. Two types of 
deviations are seen. 

 14

O2

HCl

NH3

Ideal gas

PV

H2, 
He

P
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REAL GASES VS IDEAL GAS

 15

O2

HCl

NH3

Ideal gas

PV

H2, 
He

All gases except hydrogen and helium, first showed a minimum, and 
then increased with increasing pressure.  

Hydrogen and helium never showed a minimum, always increasing with 
increasing pressure. (+ve deviation).

P

REAL GASES VS IDEAL GAS

The hypothetical gas, which would strictly obey the gas laws, is called the 

ideal gas or perfect gas, in contrast to all known gases which are referred 

to as real gases. Ideal gas is one that obeys the gas laws/ pV = nRT under 

all conditions of temperature and pressure 

These show us that gases do not always behave exactly as we expect an 

ideal gas to behave. This is because real gases do not always obey the 

kinetic theory in two ways: 

1. There is not zero attraction between the molecules  

2.We cannot ignore the volume of the molecules themselves.

 16
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REAL GASES VS IDEAL GAS

These differences are especially noticeable at very high pressures and very 

low temperatures. Under these conditions: 

• The molecules are close to each other  

• The volume of the molecules is not negligible compared with the volume 

of the container  

• There are Van der Waals’ forces of attraction between the molecules  

• Attractive forces pull the molecules towards each other and away from the 

walls of the container  

• The effective volume of the gas is smaller than expected for an ideal gas. 

 17

REAL GASES VS IDEAL GAS

In hydrogen and helium the intermolecular attractions are negligible and hence 

they do not get compressed more than expected, and hence they do not show 

a minimum. 

The two assumptions would become true only when the volume occupied by 

the gas tends to infinity. Volume would tend to infinity when pressure 

decreases and temperature increases.  

Thus real gases tend to be ideal i.e tend to obey the gas laws at low pressures 

and high temperatures.  

Conversely at very high pressures and very low temperatures the laws 

become invalid.

 18
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SKILL CHECK 6

Which would behave the least like an ideal gas at room temperature?  

A  carbon dioxide 

B  helium  

C  hydrogen  

D  nitrogen  

 19

THE LIQUID STATE 
The particles in a liquid are still close to each other but have enough kinetic 

energy to keep sliding past each other in fairly random way, but not as freely 

as gas particles do.  

For brief periods, the particles in liquids are arranged in slightly ordered way. 

but this order is always broken up when the particles gain kinetic energy 

from neighbouring particles. 

 20
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THE LIQUID STATE
When we heat a liquid:  

Energy transferred to the liquid makes the particles move faster.  

Forces of attraction between particles weaken.  

Particles with most energy are the first to escape from forces holding 

them together.  

The liquid evaporates - this happens at temperatures below the boiling 

point.  

 21

THE LIQUID STATE
Forces weaken enough for all particles to become free from each other.  

The liquid boils. 

This change is called vaporisation. 

The energy required to change one mole of liquid to one mole of gas is 

called enthalpy change of vaporisation.  

 22
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THE LIQUID STATE
When we cool a vapour, the particles: 

Lose kinetic energy so the molecules move around less quickly. 

Experience increasing forces of attraction.  

Move more slowly and become closer. The gas liquefies. 

This change of state is called condensation. These changes in state are 

reversible. These changes involve opposite energy transfers.  

 23

THE LIQUID STATE
At equilibrium the concentration of water molecules in the vapour remains 

constant.  

Pressure exerted by a vapour in equilibrium with its liquid is called vapour 

pressure.  

The temperature at which vapour pressure is equal to the atmospheric 

pressure is the boiling point of the liquid. 

 24

vapour. A position of equilibrium is reached (Figure 5.5c; 
see Chapter 8).

a b c

Figure 5.5 a Water molecules move from liquid to vapour. 
b As more molecules move from liquid to vapour, some begin 
to move back to the liquid. c An equilibrium is reached with 
molecules going from liquid to vapour at the same rate as 
from vapour to liquid.

At equilibrium the concentration of water molecules in the 
vapour remains constant.

 equal rate of movement

water molecules in liquid  water molecules in vapour

In this situation the pressure exerted by a vapour in 
equilibrium with its liquid is called its vapour pressure. 
The vapour pressure is caused by the gas particles hitting 
the walls of the container. Vapour pressure will increase 
when the temperature increases because:

 ■ the gas particles have more kinetic energy
 ■ the gas particles move faster, so are able to overcome 

intermolecular forces of attraction more easily.

The temperature at which the vapour pressure is equal to 
the atmospheric pressure is the boiling point of the liquid.

The solid state
Many ionic, metallic and covalent compounds are 
crystalline. The regular structure of crystals is due to the 
regular packing of the particles within the crystal. We call 
this regularly repeating arrangement of ions, atoms or 
molecules a crystal lattice.

Ionic lattices
Ionic lattices have a three-dimensional arrangement of 
alternating positive and negative ions. Compounds with 
ionic lattices are sometimes called giant ionic structures.

The type of lattice formed depends on the relative sizes 
of the ions present. The ionic lattices for sodium chloride 
and magnesium oxide are cubic. In sodium chloride, 
each sodium ion is surrounded by six oppositely charged 
chloride ions. The chloride ions are much larger than the 
sodium ions. The sodium ions fit into the spaces between 
the chloride ions so that they are as close as possible to 
them (Figure 5.6).

Na+

Na+

Na+

Na+

Cl–

Cl–

Cl–

Cl–

Cl–

Cl–

Cl–

Cl–

Na+

Na+

Na+

Na+

a b

Na+

Cl–

Figure 5.6 The arrangement of the ions in sodium chloride: 
a the actual packing of the ions; b an ‘exploded’ view so that 
you can see the arrangement of the ions clearly.

Magnesium oxide has the same lattice structure as sodium 
chloride. Magnesium ions replace sodium ions and the 
oxide ions replace the chloride ions.

The properties of ionic compounds reflect their 
structure as well as their bonding.

 ■ They are hard. It takes a lot of energy to scratch the  
surface because of the strong attractive forces keeping the 
ions together.

 ■ They are brittle. Ionic crystals may split apart when hit in 
the same direction as the layers of ions. The layers of ions 
may be displaced by the force of the blow so that ions with 
the same charge come together. The repulsions between 
thousands of ions in the layers, all with the same charge, 
cause the crystal to split along these cleavage planes.

 ■ They have high melting points and high boiling points 
because the attraction between the large numbers of 
oppositely charged ions in the lattice acts in all directions 
and bonds them strongly together. The melting points 
and boiling points increase with the charge density on the 
ions. So magnesium oxide, Mg2+O2–, has a higher melting 
point (2852 °C) than sodium chloride, Na+Cl– (801 °C). 
This is because there is a greater electrostatic attraction 
between doubly charged ions than singly charged ions of 
similar size.

 ■ Many of them are soluble in water (see page 265).
 ■ They only conduct electricity when molten or in solution 

(see page 67).

8  Bromine is a reddish-brown liquid. Some liquid 
bromine is placed in a closed jar. The bromine starts  
to evaporate. The colour of the vapour above the 
liquid bromine becomes darker and darker. After a 
time the bromine vapour does not get any darker.

  Use ideas about moving particles to explain  
these observations.

QUESTION

78

Cambridge International AS Level Chemistry
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The diagram shows the Boltzmann energy distribution curve for molecules of a mixture of two 

gases at a given temperature. For a reaction to occur the molecules must collide together with 

sufficient energy. 

 

number of
molecules

Ea1 Ea2

molecular energy

00

 

 

Ea is used to represent the activation energy for the reaction between the gases. Of the two 

values shown, one is the activation energy for a catalysed reaction, the other for an uncatalysed 

reaction. 

 

Which statement about E
a1

 is correct? 

A Ea1 corresponds to a catalysed reaction with fewer effective collisions than the uncatalysed 

reaction. 

B Ea1 corresponds to an uncatalysed reaction with fewer effective collisions than the catalysed 

reaction. 

C Ea1 corresponds to a catalysed reaction with a greater number of effective collisions than the 

uncatalysed reaction. 

D Ea1 corresponds to an uncatalysed reaction with a greater number of effective collisions than 

the catalysed reaction. 

 

 

2 Which diagram shows the correct graph of pV against n for an ideal gas at constant temperature? 

 

pV

n

A

pV

n

B

pV

n

C

pV

n

D

00 00 00 00
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of water 

 

 

9

4  
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6 In which reaction is the species in bold acting as an oxidising agent? 

A 2Ca  +  O2  →  2CaO 

B Cr2O7

2–

  +  8H
+

  +  3SO
3

2–

  →  2Cr
3+

  +  4H2O  +  3SO4

2–

 

C Mg  +  Fe
2+

  →  Mg
2+

  +  Fe 

D SO
2
  +  2H2O  +  2Cu

2+

  +  2Cl –  →  H2SO4  +  2H
+

  +  2CuCl 

 

 

7  The formation of hydrogen and ethyne, C2H2, from methane reaches dynamic equilibrium. 

 

2CH4(g)    3H2(g)  +  C2H2(g) 

 

What are the units of Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
3 dm

–9

 D mol
4 dm

–12

 

 

 

8  Which equation represents the standard enthalpy change of formation of ethanol, C2H5OH? 

A 2C(g)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

B 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(g) 

D 2C(g)  +  6H(g)  +  O(g)  →  C2H5OH(l) 

 

 

9 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 12.0 dm
3

 of oxygen, measured under room conditions, is used to burn 

completely 0.10 mol of propan-1-ol. 

 

What is the final volume of gas, measured under room conditions? 

A 7.20 dm
3

 B 8.40 dm
3

 C 16.8 dm
3

 D 18.00 dm
3

 

 

 10

12  
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 A student borrowed a friend’s chemistry notes and copied out the notes in the box below. 

 

Which statements are correct? 

 

A gas behaves less like an ideal gas when the gas 

1 is at low pressure. 

2  is at low temperature. 

3 can be easily liquefied. 

 

 

35  On being heated, hydrogen iodide breaks down more quickly than hydrogen chloride. 

 

Which statements explain this faster rate? 

1 The HI bond is weaker than the HCl bond. 

2  The reaction of the breakdown of HI has a smaller activation energy than that of HCl. 

3 The breakdown of HI is more exothermic than that of HCl. 

 

 

36  Which statements about calcium oxide are correct? 

1 It reacts with cold water. 

2  It is produced when calcium nitrate is heated. 

3 It can be reduced by heating with magnesium. 

 

 

37  Propanal will react with hydrogen cyanide to form 2-hydroxybutanenitrile. A suitable catalyst for 

this reaction is sodium cyanide. 

 

 NaCN 

CH3CH2CHO  +  HCN      CH3CH2CH(OH)CN 

 

Which statements about the reaction of propanal with hydrogen cyanide are correct? 

1 The CN
–

 ion attacks the propanal molecule to form an intermediate ion. 

2  The product of the reaction has a chiral carbon atom. 

3 The CN
–

 ion is a stronger electrophile than the HCN molecule. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

where each symbol has its usual meaning. 

 

Which statements are correct? 

1 One mole of an ideal gas occupies the same volume under the same conditions of 

temperature and pressure. 

2  The density of an ideal gas at constant pressure is inversely proportional to the temperature, 

T. 

3 The volume of a given mass of an ideal gas is doubled if its temperature is raised from 25 °C 

to 50 °C at constant pressure. 

 

 

32  Use of the Data Booklet is relevant to this question. 

In which pairs do both species have the same number of unpaired p electrons? 

1 O and Cl + 

2  F
+

 and Ga
–

 

3 P and Ne
+
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5 Na2S2O3 reacts with dilute HCl to give a pale yellow precipitate. If 1 cm
3

 of 0.1 mol dm
–3

 HCl is 

added to 10 cm
3

 of 0.02 mol dm
–3

 Na2S2O3 the precipitate forms slowly.  

 

If the experiment is repeated with 1 cm
3

 of 0.1 mol dm
–3

 HCl and 10 cm
3

 of 0.05 mol dm
–3

 Na2S2O3 

the precipitate forms more quickly. 

 

Why is this? 

A The activation energy of the reaction is lower when 0.05 mol dm
–3

 Na2S2O3 is used. 

B The collisions between reactant particles are more violent when 0.05 mol dm
–3

 Na2S2O3 is 

used. 

C The reactant particles collide more frequently when 0.05 mol dm
–3

 Na2S2O3 is used. 

D The reaction proceeds by a different pathway when 0.05 mol dm
–3

 Na2S2O3 is used. 

 

 

6 Which stage in the free radical substitution of ethane by chlorine will have the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 

 

 

7 Measured values of the pressure, volume and temperature of a known mass of a gaseous 

compound are to be substituted into the equation pV = nRT. 

 

The measurements are used to calculate the relative molecular mass, Mr, of a compound. 

 

Which conditions of pressure and temperature would give the most accurate value of Mr? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

8 Which solid contains more than one kind of bonding? 

A copper 

B diamond 

C ice 

D magnesium oxide 

 

 

7

4  
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9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated fluorescent light tube of volume 300 cm
3

 is filled with a gas at 300 K and 

101 kPa, the mass of the tube increases by 1.02 g. The gas obeys the ideal gas equation 

pV = nRT. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D nitrogen 

 

 

10  Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 1.00 mol of nitrogen, 3.00 mol of hydrogen and 1.98 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel under certain conditions. It was found that 1.64 mol of 

nitrogen were present in the equilibrium mixture. 

 

What is the value of Kc under these conditions? 

A 
3

2

)92.4)(64.1(

)70.0(

 

B 
3

2

)64.3)(64.1(

)34.1(

 

C 
2

3

)70.0(

)92.4)(64.1(

 

D 
2

3

)34.1(

)64.3)(64.1(

 

 

 

11 Use of the Data Booklet is relevant to this question. 

 

Which calcium compound contains 54.1 % by mass of calcium? 

A calcium hydroxide 

B calcium nitrate 

C calcium oxide 

D calcium sulfate 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

where each symbol has its usual meaning. 

 

Which statements are correct? 

1 One mole of an ideal gas occupies the same volume under the same conditions of 

temperature and pressure. 

2  The density of an ideal gas at constant pressure is inversely proportional to the temperature, 

T. 

3 The volume of a given mass of an ideal gas is doubled if its temperature is raised from 25 °C 

to 50 °C at constant pressure. 

 

 

32  Use of the Data Booklet is relevant to this question. 

In which pairs do both species have the same number of unpaired p electrons? 

1 O and Cl + 

2  F
+

 and Ga
–

 

3 P and Ne
+
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5 Na2S2O3 reacts with dilute HCl to give a pale yellow precipitate. If 1 cm
3

 of 0.1 mol dm
–3

 HCl is 

added to 10 cm
3

 of 0.02 mol dm
–3

 Na2S2O3 the precipitate forms slowly.  

 

If the experiment is repeated with 1 cm
3

 of 0.1 mol dm
–3

 HCl and 10 cm
3

 of 0.05 mol dm
–3

 Na2S2O3 

the precipitate forms more quickly. 

 

Why is this? 

A The activation energy of the reaction is lower when 0.05 mol dm
–3

 Na2S2O3 is used. 

B The collisions between reactant particles are more violent when 0.05 mol dm
–3

 Na2S2O3 is 

used. 

C The reactant particles collide more frequently when 0.05 mol dm
–3

 Na2S2O3 is used. 

D The reaction proceeds by a different pathway when 0.05 mol dm
–3

 Na2S2O3 is used. 

 

 

6 Which stage in the free radical substitution of ethane by chlorine will have the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 

 

 

7 Measured values of the pressure, volume and temperature of a known mass of a gaseous 

compound are to be substituted into the equation pV = nRT. 

 

The measurements are used to calculate the relative molecular mass, Mr, of a compound. 

 

Which conditions of pressure and temperature would give the most accurate value of Mr? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

8 Which solid contains more than one kind of bonding? 

A copper 

B diamond 

C ice 

D magnesium oxide 
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9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated fluorescent light tube of volume 300 cm
3

 is filled with a gas at 300 K and 

101 kPa, the mass of the tube increases by 1.02 g. The gas obeys the ideal gas equation 

pV = nRT. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D nitrogen 

 

 

10  Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 1.00 mol of nitrogen, 3.00 mol of hydrogen and 1.98 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel under certain conditions. It was found that 1.64 mol of 

nitrogen were present in the equilibrium mixture. 

 

What is the value of Kc under these conditions? 

A 
3

2

)92.4)(64.1(

)70.0(

 

B 
3

2

)64.3)(64.1(

)34.1(

 

C 
2

3

)70.0(

)92.4)(64.1(

 

D 
2

3

)34.1(

)64.3)(64.1(

 

 

 

11 Use of the Data Booklet is relevant to this question. 

 

Which calcium compound contains 54.1 % by mass of calcium? 

A calcium hydroxide 

B calcium nitrate 

C calcium oxide 

D calcium sulfate 
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3 Elements X and Y are in the same group of the Periodic Table. 

 

The table shows the first six ionisation energies of X and Y in kJ mol
–1

. 

 

 1st 2nd 3rd 4th 5th 6th 

X 800 1600 2400 4300 5400 10 400 

Y 1000 1800 2700 4800 6000 12 300 

 

What could be the identities of X and Y? 

 

 X Y 

A antimony, Sb arsenic, As 

B arsenic, As antimony, Sb 

C selenium, Se tellurium, Te 

D tellurium, Te selenium, Se 

 

 

4 In China, the concentration of blood glucose, C6H12O6, is measured in mmol / l . In Pakistan, the 

concentration of blood glucose is measured in mg / dl . 
 

The unit l is a litre (1 dm
3

). The unit dl is a decilitre (0.1 dm
3

). 

 

A blood glucose concentration of 18.5 mmol / l indicates a health problem. 

 

What is 18.5 mmol / l converted to mg / dl ? 

A 33.3 mg / dl B 178 mg / dl C 333 mg / dl D 3330 mg / dl 

 

 

5 Each of the four species in this question are isolated and gaseous. 

 

Which species is not planar? 

A BF3 B CH3

+

 C C2H4 D NH3 

 

 

6 Argon is a gas used to fill electric light bulbs. 

 

Under which conditions of pressure and temperature will argon behave most like an ideal gas? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

�
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4 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

5 Calcium forms an ionic compound with carbon, called calcium carbide. The oxidation number of 

carbon in calcium carbide is –1. 

 

Calcium carbide is readily hydrolysed by water giving two products only. 

 

What could be the formulae of calcium carbide and the two products of hydrolysis? 

 

 calcium carbide products 

A Ca2C CaO and C2H4 

B Ca2C Ca(OH)2 and C2H2 

C CaC2 CaO and C2H4 

D CaC2 Ca(OH)2 and C2H2 

 

 

6 Hess’ law may be used to determine enthalpy changes using average bond energies, as shown 

in the diagram. 

 

isolated gaseous atoms

reactants products

U V

W
 

 

U is the sum of the average bond energies of the reactants, and V is the sum of the average 

bond energies of the products. 

 

For the reaction shown below, which expression will give a value for W, the enthalpy change of 

combustion of methane? 

 

CH4  +  2O2  →  CO2  +  2H2O 

 

A U – V B U + V C 2(U – V) D V – U 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of water 

 

 

9
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6 In which reaction is the species in bold acting as an oxidising agent? 

A 2Ca  +  O2  →  2CaO 

B Cr2O7

2–

  +  8H
+

  +  3SO
3

2–

  →  2Cr
3+

  +  4H2O  +  3SO4

2–

 

C Mg  +  Fe
2+

  →  Mg
2+

  +  Fe 

D SO
2
  +  2H2O  +  2Cu

2+

  +  2Cl –  →  H2SO4  +  2H
+

  +  2CuCl 

 

 

7  The formation of hydrogen and ethyne, C2H2, from methane reaches dynamic equilibrium. 

 

2CH4(g)    3H2(g)  +  C2H2(g) 

 

What are the units of Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
3 dm

–9

 D mol
4 dm

–12

 

 

 

8  Which equation represents the standard enthalpy change of formation of ethanol, C2H5OH? 

A 2C(g)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

B 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(g) 

D 2C(g)  +  6H(g)  +  O(g)  →  C2H5OH(l) 

 

 

9 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 12.0 dm
3

 of oxygen, measured under room conditions, is used to burn 

completely 0.10 mol of propan-1-ol. 

 

What is the final volume of gas, measured under room conditions? 

A 7.20 dm
3

 B 8.40 dm
3

 C 16.8 dm
3

 D 18.00 dm
3

 

 

 10
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 A student borrowed a friend’s chemistry notes and copied out the notes in the box below. 

 

Which statements are correct? 

 

A gas behaves less like an ideal gas when the gas 

1 is at low pressure. 

2  is at low temperature. 

3 can be easily liquefied. 

 

 

35  On being heated, hydrogen iodide breaks down more quickly than hydrogen chloride. 

 

Which statements explain this faster rate? 

1 The HI bond is weaker than the HCl bond. 

2  The reaction of the breakdown of HI has a smaller activation energy than that of HCl. 

3 The breakdown of HI is more exothermic than that of HCl. 

 

 

36  Which statements about calcium oxide are correct? 

1 It reacts with cold water. 

2  It is produced when calcium nitrate is heated. 

3 It can be reduced by heating with magnesium. 

 

 

37  Propanal will react with hydrogen cyanide to form 2-hydroxybutanenitrile. A suitable catalyst for 

this reaction is sodium cyanide. 

 

 NaCN 

CH3CH2CHO  +  HCN      CH3CH2CH(OH)CN 

 

Which statements about the reaction of propanal with hydrogen cyanide are correct? 

1 The CN
–

 ion attacks the propanal molecule to form an intermediate ion. 

2  The product of the reaction has a chiral carbon atom. 

3 The CN
–

 ion is a stronger electrophile than the HCN molecule. 
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4 The boiling points of methane, ethane, propane and butane are given. 

 

compound CH4 CH3CH3 CH3CH2CH3 CH3CH2CH2CH3 

boiling point / K 112 185 231 273 

 

Which statement explains the increase in boiling point from methane to butane? 

A Closer packing of molecules results in stronger van der Waals’ forces. 

B More covalent bonds are present and therefore more energy is required to break the bonds. 

C More electrons in the molecules results in stronger van der Waals’ forces. 

D More hydrogen atoms in the molecules results in stronger hydrogen bonding. 

 

 

5 The characteristic smell of garlic is due to alliin. 

 

C

H

H

CO2H

C SCH2

H O NH2

HCCH2x
y z

alliin
 

 

What are the approximate bond angles x, y and z in a molecule of alliin? 

 

 x y z 

A 90
o

 90
o

 109
o

 

B 120
o

 109
o

 90
o

 

C 120
o

 120
o

 109
o

 

D 180
o

 109
o

 109
o

 

 

 

6 Which gas sample contains the fewest molecules? 

A 1.00 dm
3

 of carbon dioxide at 27 °C and 2.0 kPa 

B 1.00 dm
3

 of hydrogen at 100 °C and 2.0 kPa 

C 1.00 dm
3

 of nitrogen at 300 °C and 4.0 kPa 

D 1.00 dm
3

 of oxygen at 250 °C and 3.0 kPa 
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6 The complete combustion of 2 moles of a straight chain alkane produces 400 dm3 of 
carbon dioxide measured at 301 K and 1 × 105

 Pa. Carbon dioxide can be assumed to behave as 
an ideal gas under these conditions. 

 
What is the formula of the straight chain alkane? 

A C8H18 B C16H34 C C20H42 D C40H82 
 
 
7 Which expression gives the standard enthalpy change of combustion of methane? 

A        (CH4)  +         (CO2)  –  2       (H2O) 

B        (CO2)  +  2       (H2O)  +         (CH4) 

C        (CH4)  +  2       (H2O)  –         (CO2) 

D        (CO2)  +  2       (H2O)  –         (CH4) 
 
 
8 Solutions containing chlorate(I) ions are used as household bleaches and disinfectants. These 

solutions decompose on heating as shown. 
 

3Cl O–  →  Cl O3
–  +  2Cl – 

 
Which oxidation state is shown by chlorine in each of these three ions? 

 
 Cl O– Cl O3

– Cl – 

A +1 +3 –1 

B –1 +3 +1 

C +1 +5 –1 

D –1 +5 +1 
 
 
9 When K2MnO4 is dissolved in water, the following reaction occurs. 
 

a MnO4
2–(aq)  +  b H2O(l)  →  c MnO4

–(aq)  +  d MnO2(s)  +  e OH–(aq) 
 

What are the values of a and c in the balanced chemical equation? 
 

 a c 

A 2 1 

B 3 2 

C 4 3 

D 5 4 
 
 

�
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Section A 
 
For each question there are four possible answers, A, B, C and D. Choose the one you consider to 
be correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 In which species are the numbers of protons, neutrons and electrons all different? 
 

A −F19
9  B +Na23

11  C P31
15  D −232

16 S  
 
 
2 Which would contain 9.03 × 1023 oxygen atoms? 

A 0.25 mol aluminium oxide 

B 0.75 mol sulfur dioxide 

C 1.5 mol sulfur trioxide 

D 3.0 mol water 
 
 
3 In some fireworks there is a reaction between powdered aluminium and powdered barium nitrate. 

Heat is evolved, an unreactive gas is produced, and all nitrogen atoms are reduced. 
 

What is the equation for this reaction? 

A 2Al  +  Ba(NO3)2  →  Al 2O3  +  BaO  +  2NO 

B 4Al  +  4Ba(NO3)2  →  2Al 2O3  +  4Ba(NO2)2  +  O2 

C 10Al  +  3Ba(NO3)2  →  5Al 2O3  +  3BaO  +  3N2 

D 10Al  +  18Ba(NO3)2  →  10Al (NO3)3  +  18BaO  +  3N2 
 
 
4 Which organic compound has the highest boiling point? 

A C(CH3)4 

B CH3CH2CH2CH2CH3 

C CH3COCH2CH3 

D CH3CH(OH)CH2CH3 
 
 
5 At a temperature of 2500 K and a pressure of 1.00 × 10–4

 Pa a sample of 0.321 g of sulfur vapour 
has a volume of 2.08 × 106

 m3. 
 

What is the molecular formula of sulfur under these conditions? 

A S B S2 C S4 D S8 
 
 

�
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Section A 

 

For each question there are four possible answers, A, B, C and D. Choose the one you consider to 

be correct. 

 

Use of the Data Booklet may be appropriate for some questions. 

 

 

1 Enthalpy changes, ∆H, can be positive or negative. 

 

Which row is correct? 

 

 ∆H positive ∆H negative 

A atomisation bond breaking 

B bond breaking neutralisation 

C bond making combustion 

D combustion bond making 

 

 

2 What will make it more likely that a gas will approach ideal behaviour? 

A higher pressure 

B lower temperature 

C more polar molecules 

D weaker intermolecular forces 

 

 

3 Which mass of urea, CO(NH2)2, contains the same mass of nitrogen as 101.1 g of potassium 

nitrate? 

A 22 g B 30 g C 44 g D 60 g 
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4 Two conversions are shown. 
 

NH4
+ → NH3 

C2H4 → C2H6 

 
Which similar feature do these two conversions have? 

A change in oxidation state of an element 

B decrease in bond angle 

C formation of a lone pair of electrons 

D loss of a π bond 
 
 
5 All gases listed are at the same pressure. 
 

Which gas will most closely approach ideal behaviour? 

A ammonia at 100 K 

B ammonia at 500 K 

C neon at 100 K 

D neon at 500 K 
 
 
6 The following data are needed for this question. 
 

       (CO(g)) = –111 kJ mol–1 

       (CO2(g)) = –394 kJ mol–1 

       (Fe2O3(s)) = –822 kJ mol–1 
 

Carbon monoxide reacts with iron(III) oxide. 
 

3CO(g)  +  Fe2O3(s)  →  3CO2(g)  +  2Fe(s) 
 

What is the enthalpy change when 55.8 g of iron are produced by this reaction? 

A –27.0 kJ B –13.5 kJ C +13.5 kJ D +27.0 kJ 
 
 
7 Vanadium reacts with dilute sulfuric acid to form V2(SO4)3 and hydrogen gas. 
 

What happens to vanadium atoms in this reaction? 

A They lose three electrons and are oxidised. 

B They lose three electrons and are reduced. 

C They lose two electrons and are oxidised. 

D They lose two electrons and are reduced. 
 
 

�
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Section A 
 
For each question there are four possible answers, A, B, C and D. Choose the one you consider to 
be correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 The first four ionisation energies for element X are shown in the table. 
 

ionisation energy 1st 2nd 3rd 4th 

value / kJ mol–1 577 1980 2960 6190 
 

Which ion of X is produced by removing an electron from a filled shell? 

A X+ B X2+ C X3+ D X4+ 
 
 
2 What is a basic assumption of the kinetic theory, as applied to an ideal gas? 

A Collisions between gas molecules are elastic. 

B Each gas molecule occupies a finite volume. 

C Gases consist of particles that experience the force of gravity. 

D Gas molecules attract each other with weak intermolecular forces. 
 
 
3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are 

collected as shown. 
 

product gases,
H2 O + CO2  + excess of O2 excess of O2

P Q

anhydrous
calcium chloride
(to absorb H2 O)

soda lime
(to absorb CO2 )

 
 

The increases in mass of the collecting vessels P and Q are MP and MQ, respectively. 
 

What is the ratio MP / MQ? 

A 0.41 B 0.82 C 1.2 D 2.4 
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8
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4 Which statement describes the bond between carbon and hydrogen in an ethene molecule? 

A a S bond between an s orbital and an sp
2
 orbital 

B a S bond between an s orbital and an sp
3
 orbital 

C a V bond between an s orbital and an sp
2
 orbital 

D a V bond between an s orbital and an sp
3
 orbital 

 

 

5 Aspirin, C9H8O4, Mr = 180.0, can be made by a reaction between 2-hydroxybenzoic acid, C7H6O3, 

Mr = 138.0, and ethanoic anhydride, C4H6O3, Mr = 102.0. The balanced equation for the reaction 

is shown. 

 

C7H6O3  +  C4H6O3  →  C9H8O4  +  C2H4O2 

 

If a reaction mixture consists of 10.0 g of each of the two reactants, what is the maximum mass of 

aspirin that can be produced? 

A 5.7 g B 10.0 g C 13.0 g D 17.6 g 

 

 

6 Which diagram correctly describes the behaviour of a fixed mass of an ideal gas? (T is measured 

in K.) 

 

p
0

B

pV

V

pV

T

V

V

p

C D

0

A

constant T constant T constant Tconstant p

0
0

0
0

0
0
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6 Sodium hydroxide neutralises acid. 
 

H+  +  OH–  →  H2O 
 

In a 11 000 dm3 sample of an aqueous solution, the concentration of acid, [H+], is  
1.26 × 10– 3

 mol dm–3. 
 

Which mass of solid sodium hydroxide neutralises the acid? 

A 0.0214 g B 0.0504 g C 236 g D 554 g 
 
 
7 The gas laws can be summarised in the ideal gas equation. 
 

pV = nRT 
 

0.960 g of oxygen gas is contained in a vessel of volume 7.00 × 10–3
 m3 at a temperature of 30 °C. 

 
Assume that the gas behaves as an ideal gas. 

 
What is the pressure in the vessel? 

A 1.07 kPa B 2.14 kPa C 10.8 kPa D 21.6 kPa 
 
 
8 Which equation represents the standard enthalpy change of formation of water? 

A H2(g)  +  2
1 O2(g)  →  H2O(g) 

B H2(g)  +  2
1 O2(g)  →  H2O(l) 

C 2H2(g)  +  O2(g)  →  2H2O(g) 

D 2H2(g)  +  O2(g)  →  2H2O(l) 
 
 
9 Hess’ Law and bond energy data can be used to calculate the enthalpy change of a reaction. 
 

Bromoethane, CH3CH2Br, can be made by reacting ethene with hydrogen bromide. 
 

CH2=CH2  +  HBr  →  CH3CH2Br 
 

What is the enthalpy change for this reaction? 

A – 674 kJ mol–1 

B – 64 kJ mol–1 

C +186 kJ mol–1 

D +346 kJ mol–1 
 
 

�
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4 5.0 g samples of the carbonates of barium, copper, lithium and magnesium are decomposed to 
the metal oxides and carbon dioxide. 

 
For which compound is there the greatest loss in mass? 

A barium carbonate 

B copper(II) carbonate 

C lithium carbonate 

D magnesium carbonate 
 
 
5 In this question you should assume methane behaves as an ideal gas. 
 

The gas laws can be summarised in the ideal gas equation below. 
 

pV = nRT 
 

The volume of a sample of methane is measured at a temperature of 60 °C and a pressure of 
103 kPa. The volume measured is 5.37 × 10–3

 m3. 
 

What is the mass of the sample of methane, given to two significant figures? 

A 0.0032 g B 0.018 g C 3.2 g D 18 g 
 
 
6 A butane burner is used to heat water. The Mr of butane is 58. 
 

●         of butane is –2877 kJ mol–1. 

● 250 g of water is heated from 12 °C to 100 °C. 

● The burner transfers 47% of the heat released from the burning fuel to the water. 
 

Assume that the butane undergoes complete combustion and none of the water evaporates. 
 

What is the minimum mass of butane that must be burnt? 

A 0.068 g B 1.85 g C 3.94 g D 4.48 g 
 
 

¥
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5 Flask X contains 5 dm3 of helium at 12 kPa pressure and flask Y contains 10 dm3 of neon at 6 kPa 
pressure. 

 
If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 
 
 
6 Exactly 1.00 g of a metallic element reacts completely with 300 cm3 of oxygen at 298 K and 1 atm 

pressure to form an oxide which contains O2– ions. 
 

The volume of one mole of gas at this temperature and pressure is 24.0 dm3. 
 

What could be the identity of the metal? 

A calcium 

B magnesium 

C potassium 

D sodium 
 
 
7 Ethanol is increasingly being used as a fuel for cars. 
 

The standard enthalpy change of formation of carbon dioxide is –393 kJ mol–1. 
The standard enthalpy change of formation of water is –286 kJ mol–1. 
The standard enthalpy change of formation of ethanol is –277 kJ mol–1. 

 
What is the standard enthalpy change of combustion of ethanol? 

A –1921 kJ mol–1 

B –1367 kJ mol–1 

C –956 kJ mol–1 

D – 402 kJ mol–1 
 
 
8 Ammonium metavanadate, NH4VO3, can be used to make a solution containing VO2Cl, which 

contains chloride ions. 
 

What is the change in the oxidation number of vanadium in this reaction? 

A –1 B 0 C +1 D +2 
 
 

n

§
§
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 (d)  A mixture of neon and argon has a mass of 0.275 g. The mixture was placed in a gas syringe 
at a temperature of 25 qC and a pressure of 100 kPa. Under these conditions the mixture was 
found to occupy a volume of 200 cm3.

 (i)  Calculate the average Mr of the mixture.

average Mr = .................................  [2]

 (ii)  Use your answer to (i) to calculate the percentage of neon in the mixture.
  Give your answer to three signifi cant fi gures.

percentage of neon = ................................. %  [1]

 (e)  Neon and argon can both be obtained by fractional distillation of liquid air as they have different 
boiling points.

  Neon has a boiling point of 27.3 K. The boiling point of argon is 87.4 K.

 (i)  Name the force that has to be overcome in order to boil neon or argon and explain what 
causes it.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (ii)  Explain why argon has a higher boiling point than neon.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

[Total: 18]
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 (c)  Aluminium reacts with chlorine to form a white, solid chloride that contains 79.7% chlorine and 
sublimes (changes straight from a solid to a gas) at 180 qC.

 (i)  Describe the structure and bonding in this compound. Suggest how it explains the low 
sublimation temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (ii)  Calculate the empirical formula of the chloride. You must show your working.

empirical formula = ..............................  [2]

  At 200 qC and 100 kPa, a 1.36 g sample of this chloride occupied a volume of 200 cm3.

 (iii)  Calculate the relative molecular mass, Mr, of the chloride. Give your answer to three 
signifi cant fi gures.

Mr = ..............................  [2]

 (iv)  Deduce the molecular formula of this chloride at 200 qC.

  .......................................................................................................................................   [1]

[Total: 13]
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If you were unable to calculate values for x and y then use x = 4 and y = 10 for the remaining 
parts of this question. These are not the correct values.

 (iii)  Complete the equation for the complete combustion of the alcohol, T.

............................  +  .................O2    .................CO2  +  .................H2O
[1]

 (iv)  Give the skeletal formulae for two possible structures of T.

  Name each alcohol.

................................................. .................................................
[2]

 (v)  Use the general gas equation to calculate the mass of T present in the original 20 cm3 
gaseous sample, which was measured at 120 °C and 100 kPa.

  Give your answer to three	significant	figures.	Show	your	working.

mass = .............................. g  [3]

[Total: 10]

�

2
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Answer all the questions in the spaces provided.

1  Combustion data can be used to calculate the empirical formula, molecular formula and relative 
molecular mass of many organic compounds.

 (a)	 	Define	the	term	relative molecular mass.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]

 (b)  T is an alcohol, CxHyO. A gaseous sample of T occupied a volume of 20 cm3 at 120 °C and 
100 kPa.

  The sample was completely burned in 200 cm3	 of	 oxygen	 (an	 excess).	 The	 final	 volume,	
measured under the same conditions as the gaseous sample, was 250 cm3.

  Under these conditions, all water present is vaporised. Removal of the water vapour from the 
gaseous mixture decreased the volume to 170 cm3.

  Treating the remaining gaseous mixture with concentrated alkali, to absorb carbon dioxide, 
decreased the volume to 110 cm3.

  The equation for the complete combustion of T can be represented as shown.

CxHyO  +  zO2    xCO2  +  
y
2H2O

 (i)  Use the data given to calculate the value of x.

x = ..............................  [1]

 (ii)  Use the data given to calculate the value of y.

y = ..............................  [1]
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If you were unable to calculate values for x and y then use x = 4 and y = 10 for the remaining 
parts of this question. These are not the correct values.

 (iii)  Complete the equation for the complete combustion of the alcohol, T.

............................  +  .................O2    .................CO2  +  .................H2O
[1]

 (iv)  Give the skeletal formulae for two possible structures of T.

  Name each alcohol.

................................................. .................................................
[2]

 (v)  Use the general gas equation to calculate the mass of T present in the original 20 cm3 
gaseous sample, which was measured at 120 °C and 100 kPa.

  Give your answer to three	significant	figures.	Show	your	working.

mass = .............................. g  [3]

[Total: 10]
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 (c)  The graph represents how the temperature of a sample of copper (melting point 1085 °C) 
changes as it is gradually cooled from 1200 °C.

1200

time / t

temperature, T
/ °C

X Y Z

T1

 (i)  Identify the state(s) of matter present during each stage of the process shown in the 
graph.

 X  .........................................................................................................................................

 Y  .........................................................................................................................................

 Z  .........................................................................................................................................
[2]

 (ii)	 	State	what	is	happening	to	the	energy	and	movement	of	the	particles	in	the	copper	during	
stage X.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  Explain why the temperature stays constant at T1 during stage Y.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

[Total: 15]
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 (b)  7Ke grapK sKoZs tKe relationsKip EetZeen pV and p at a giYen tePperature Ior &+)3 and an 
ideal gas.

pV

0 200 400 600
p / atm

800 1000

CHF3

ideal gas

 (i)  &+)3 is not an ideal gas.

  State three Easic assuPptions tKat scientists PaNe aEout tKe properties oI ideal gases.

 1  ..........................................................................................................................................

 2  ..........................................................................................................................................

 3  ..........................................................................................................................................
 [3]

 (ii)  ([plain ZK\ &+)3 deYiates IroP tKe properties oI an ideal gas at pressures greater tKan 
300 atm.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (d)  A mixture of neon and argon has a mass of 0.275 g. The mixture was placed in a gas syringe 
at a temperature of 25 qC and a pressure of 100 kPa. Under these conditions the mixture was 
found to occupy a volume of 200 cm3.

 (i)  Calculate the average Mr of the mixture.

average Mr = .................................  [2]

 (ii)  Use your answer to (i) to calculate the percentage of neon in the mixture.
  Give your answer to three signifi cant fi gures.

percentage of neon = ................................. %  [1]

 (e)  Neon and argon can both be obtained by fractional distillation of liquid air as they have different 
boiling points.

  Neon has a boiling point of 27.3 K. The boiling point of argon is 87.4 K.

 (i)  Name the force that has to be overcome in order to boil neon or argon and explain what 
causes it.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (ii)  Explain why argon has a higher boiling point than neon.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

[Total: 18]
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 (c)  Aluminium reacts with chlorine to form a white, solid chloride that contains 79.7% chlorine and 
sublimes (changes straight from a solid to a gas) at 180 qC.

 (i)  Describe the structure and bonding in this compound. Suggest how it explains the low 
sublimation temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (ii)  Calculate the empirical formula of the chloride. You must show your working.

empirical formula = ..............................  [2]

  At 200 qC and 100 kPa, a 1.36 g sample of this chloride occupied a volume of 200 cm3.

 (iii)  Calculate the relative molecular mass, Mr, of the chloride. Give your answer to three 
signifi cant fi gures.

Mr = ..............................  [2]

 (iv)  Deduce the molecular formula of this chloride at 200 qC.

  .......................................................................................................................................   [1]

[Total: 13]
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7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 

6

4
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2

7

4
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2

8

3 
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5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 

 

 

9

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

What could be the proton number of an element that has three unpaired electrons in each of its 

atoms? 

A 5 B 13 C 15 D 21 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

The elements radon (Rn), francium (Fr) and radium (Ra) have consecutive proton numbers in the 

Periodic Table. 

 

What is the order of their first ionisation energies? 

 

 

least 

endothermic 
 

most 

endothermic 

A Fr Ra Rn 

B Fr Rn Ra 

C Ra Fr Rn 

D Rn Ra Fr 

 

 

3 Which gas closely approaches ideal behaviour at room temperature and pressure? 

A ammonia 

B carbon dioxide 

C helium 

D oxygen 

 

 
10

2 
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2

1

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 Which ion has more electrons than protons and more protons than neutrons? 

 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H
 o

, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1

 B –98 kJ mol –1

 C +98 kJ mol –1

 D +196 kJ mol –1

 

 

 

f
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4 A slow stream of water from a tap can be deflected by an electrostatically charged plastic rod
because water is a polar molecule.

Why is a water molecule polar?

A Molecules are bonded together by hydrogen bonds.

B The oxygen and hydrogen atoms have different electronegativities.

C The oxygen atom has two lone pairs of electrons.

D Water is able to dissociate into ions.

5 Why does copper wire conduct electricity when a potential difference is applied?

A Bonding electrons in the crystal lattice move.

B Copper(II) ions move to the cathode.

C The atoms of copper become ionised.

D The crystal lattice breaks down.

6 Flask X contains 1 dm3 of helium at 2 kPa pressure and flask Y contains 2 dm3 of neon at 1 kPa
pressure.

If the flasks are connected at constant temperature, what is the final pressure?

A 1 !" kPa           B     1 !# kPa           C 1 $" kPa           D     2 kPa

liquid

burette

negatively charged rod

2

4
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8 A substance commonly found in the house or garden has the following properties.

• It is combustible.

• It is an electrical insulator.

• It melts over a range of temperature.

What could the substance be?

A brass

B paper

C poly(ethene)

D silicon(IV) oxide

9 Use of the Data Booklet is relevant to this question.

In an experiment using a gas syringe, 0.10 g of a gas is found to occupy 83.1 cm3, measured at
standard pressure (1.0 × 105 Pa) and 27°C.

What is the relative molecular mass of the gas?

A

B

C

D 0.10 × 8.31 × 300
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 27
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 300
1.0 × 105 × 83.1

0.10 × 8.31 × 27
1.0 × 105 × 83.1

3

4 
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8 Use of the Data Booklet is relevant to this question. 

 

 Which expression gives the pressure exerted by 1.6 x 10
– 3 mol of N2 in a container of volume 

 3.0 dm
3

 at 273 oC? 

 A 
6

3

10 x 3.0

273 x 8.31x   x101.6

−

−

 Pa 

 B 
6

3

10 x 3.0

)273 273( x 8.31x 10 x 1.6  
−

−

+

 Pa 

 C 
3

 

3

10 x 3.0

273 x 8.31x 10 x 1.6

−

−

 Pa 

 D 
3

3

10 x 3.0

)273 273( 
 

 x8.31x 10 x 1.6

−

−

+

 Pa 

 

 

9 Which of these compounds, on complete combustion of one mole, will release the greatest 

amount of energy? 

 A CH3CH2CH2OH 

 B CH3CH2CH3 

 C CH3CH2CO2H 

 D CH3COCH3 

 

 

10 At high temperatures, steam decomposes into its elements according to the following equation. 

 

2H2O(g)        2H2(g) + O2(g) 

 

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into 

hydrogen and oxygen. 

 

What are the values of the equilibrium partial pressures, in atm, of the components of this 

equilibrium? 

 

 
partial pressure 

of steam 

partial pressure 

of hydrogen 

partial pressure 

of oxygen 

A 
1.0

1x0.80
 

1.0

1x0.10
 

1.0

1x0.10
 

B 
1.0

1x0.80
 

1.0

1x0.133
 

1.0

1x0.067
 

C 
1.0

1x0.80
 

1.0

1x0.20
 

1.0

1x0.10
 

D 
1.1

1x0.80
 

1.1

1x0.20
 

1.1

1x0.10
 

 

 

4
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1

 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 

 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3

 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3

 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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4 A slow stream of water from a tap can be deflected by an electrostatically charged plastic rod
because water is a polar molecule.

Why is a water molecule polar?

A Molecules are bonded together by hydrogen bonds.

B The oxygen and hydrogen atoms have different electronegativities.

C The oxygen atom has two lone pairs of electrons.

D Water is able to dissociate into ions.

5 Why does copper wire conduct electricity when a potential difference is applied?

A Bonding electrons in the crystal lattice move.

B Copper(II) ions move to the cathode.

C The atoms of copper become ionised.

D The crystal lattice breaks down.

6 Flask X contains 1 dm3 of helium at 2 kPa pressure and flask Y contains 2 dm3 of neon at 1 kPa
pressure.

If the flasks are connected at constant temperature, what is the final pressure?

A 1 !" kPa           B     1 !# kPa           C 1 $" kPa           D     2 kPa

liquid

burette

negatively charged rod

2

4

9701/1/O/N/03

8 A substance commonly found in the house or garden has the following properties.

• It is combustible.

• It is an electrical insulator.

• It melts over a range of temperature.

What could the substance be?

A brass

B paper

C poly(ethene)

D silicon(IV) oxide

9 Use of the Data Booklet is relevant to this question.

In an experiment using a gas syringe, 0.10 g of a gas is found to occupy 83.1 cm3, measured at
standard pressure (1.0 × 105 Pa) and 27°C.

What is the relative molecular mass of the gas?

A

B

C

D 0.10 × 8.31 × 300
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 27
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 300
1.0 × 105 × 83.1

0.10 × 8.31 × 27
1.0 × 105 × 83.1

3

4 
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8 Use of the Data Booklet is relevant to this question. 

 

 Which expression gives the pressure exerted by 1.6 x 10
– 3 mol of N2 in a container of volume 

 3.0 dm
3

 at 273 oC? 

 A 
6

3

10 x 3.0

273 x 8.31x   x101.6

−

−

 Pa 

 B 
6

3

10 x 3.0

)273 273( x 8.31x 10 x 1.6  
−

−

+

 Pa 

 C 
3

 

3

10 x 3.0

273 x 8.31x 10 x 1.6

−

−

 Pa 

 D 
3

3

10 x 3.0

)273 273( 
 

 x8.31x 10 x 1.6

−

−

+

 Pa 

 

 

9 Which of these compounds, on complete combustion of one mole, will release the greatest 

amount of energy? 

 A CH3CH2CH2OH 

 B CH3CH2CH3 

 C CH3CH2CO2H 

 D CH3COCH3 

 

 

10 At high temperatures, steam decomposes into its elements according to the following equation. 

 

2H2O(g)        2H2(g) + O2(g) 

 

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into 

hydrogen and oxygen. 

 

What are the values of the equilibrium partial pressures, in atm, of the components of this 

equilibrium? 

 

 
partial pressure 

of steam 

partial pressure 

of hydrogen 

partial pressure 

of oxygen 

A 
1.0

1x0.80
 

1.0

1x0.10
 

1.0

1x0.10
 

B 
1.0

1x0.80
 

1.0

1x0.133
 

1.0

1x0.067
 

C 
1.0

1x0.80
 

1.0

1x0.20
 

1.0

1x0.10
 

D 
1.1

1x0.80
 

1.1

1x0.20
 

1.1

1x0.10
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1

 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 

 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3

 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3

 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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4 A slow stream of water from a tap can be deflected by an electrostatically charged plastic rod
because water is a polar molecule.

Why is a water molecule polar?

A Molecules are bonded together by hydrogen bonds.

B The oxygen and hydrogen atoms have different electronegativities.

C The oxygen atom has two lone pairs of electrons.

D Water is able to dissociate into ions.

5 Why does copper wire conduct electricity when a potential difference is applied?

A Bonding electrons in the crystal lattice move.

B Copper(II) ions move to the cathode.

C The atoms of copper become ionised.

D The crystal lattice breaks down.

6 Flask X contains 1 dm3 of helium at 2 kPa pressure and flask Y contains 2 dm3 of neon at 1 kPa
pressure.

If the flasks are connected at constant temperature, what is the final pressure?

A 1 !" kPa           B     1 !# kPa           C 1 $" kPa           D     2 kPa

liquid

burette

negatively charged rod
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8 A substance commonly found in the house or garden has the following properties.

• It is combustible.

• It is an electrical insulator.

• It melts over a range of temperature.

What could the substance be?

A brass

B paper

C poly(ethene)

D silicon(IV) oxide

9 Use of the Data Booklet is relevant to this question.

In an experiment using a gas syringe, 0.10 g of a gas is found to occupy 83.1 cm3, measured at
standard pressure (1.0 × 105 Pa) and 27°C.

What is the relative molecular mass of the gas?

A

B

C

D 0.10 × 8.31 × 300
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 27
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 300
1.0 × 105 × 83.1

0.10 × 8.31 × 27
1.0 × 105 × 83.1
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8 Use of the Data Booklet is relevant to this question. 

 

 Which expression gives the pressure exerted by 1.6 x 10
– 3 mol of N2 in a container of volume 
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9 Which of these compounds, on complete combustion of one mole, will release the greatest 

amount of energy? 

 A CH3CH2CH2OH 

 B CH3CH2CH3 

 C CH3CH2CO2H 

 D CH3COCH3 

 

 

10 At high temperatures, steam decomposes into its elements according to the following equation. 

 

2H2O(g)        2H2(g) + O2(g) 

 

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into 

hydrogen and oxygen. 

 

What are the values of the equilibrium partial pressures, in atm, of the components of this 

equilibrium? 

 

 
partial pressure 

of steam 
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of hydrogen 
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of oxygen 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1

 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 

 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3

 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3

 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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4 A slow stream of water from a tap can be deflected by an electrostatically charged plastic rod
because water is a polar molecule.

Why is a water molecule polar?

A Molecules are bonded together by hydrogen bonds.

B The oxygen and hydrogen atoms have different electronegativities.

C The oxygen atom has two lone pairs of electrons.

D Water is able to dissociate into ions.

5 Why does copper wire conduct electricity when a potential difference is applied?

A Bonding electrons in the crystal lattice move.

B Copper(II) ions move to the cathode.

C The atoms of copper become ionised.

D The crystal lattice breaks down.

6 Flask X contains 1 dm3 of helium at 2 kPa pressure and flask Y contains 2 dm3 of neon at 1 kPa
pressure.

If the flasks are connected at constant temperature, what is the final pressure?

A 1 !" kPa           B     1 !# kPa           C 1 $" kPa           D     2 kPa

liquid

burette

negatively charged rod
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8 A substance commonly found in the house or garden has the following properties.

• It is combustible.

• It is an electrical insulator.

• It melts over a range of temperature.

What could the substance be?

A brass

B paper

C poly(ethene)

D silicon(IV) oxide

9 Use of the Data Booklet is relevant to this question.

In an experiment using a gas syringe, 0.10 g of a gas is found to occupy 83.1 cm3, measured at
standard pressure (1.0 × 105 Pa) and 27°C.

What is the relative molecular mass of the gas?

A

B

C

D 0.10 × 8.31 × 300
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 27
1.0 × 105 × 83.1 × 10–6

0.10 × 8.31 × 300
1.0 × 105 × 83.1

0.10 × 8.31 × 27
1.0 × 105 × 83.1
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8 Use of the Data Booklet is relevant to this question. 

 

 Which expression gives the pressure exerted by 1.6 x 10
– 3 mol of N2 in a container of volume 
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 at 273 oC? 
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9 Which of these compounds, on complete combustion of one mole, will release the greatest 

amount of energy? 

 A CH3CH2CH2OH 

 B CH3CH2CH3 

 C CH3CH2CO2H 

 D CH3COCH3 

 

 

10 At high temperatures, steam decomposes into its elements according to the following equation. 

 

2H2O(g)        2H2(g) + O2(g) 

 

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into 

hydrogen and oxygen. 

 

What are the values of the equilibrium partial pressures, in atm, of the components of this 

equilibrium? 

 

 
partial pressure 

of steam 

partial pressure 

of hydrogen 

partial pressure 

of oxygen 

A 
1.0

1x0.80
 

1.0

1x0.10
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1x0.10
 

B 
1.0

1x0.80
 

1.0

1x0.133
 

1.0

1x0.067
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1.0

1x0.80
 

1.0

1x0.20
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1.1
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1.1
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1

 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 

 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3

 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3

 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 

6

4

9701/1/O/N/02

8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2

7

4
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2

8

3 

 

© UCLES 2006 9701/01/M/J/06 [Turn over 

5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 

 

 

9
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

What could be the proton number of an element that has three unpaired electrons in each of its 

atoms? 

A 5 B 13 C 15 D 21 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

The elements radon (Rn), francium (Fr) and radium (Ra) have consecutive proton numbers in the 

Periodic Table. 

 

What is the order of their first ionisation energies? 

 

 

least 

endothermic 
 

most 

endothermic 

A Fr Ra Rn 

B Fr Rn Ra 

C Ra Fr Rn 

D Rn Ra Fr 

 

 

3 Which gas closely approaches ideal behaviour at room temperature and pressure? 

A ammonia 

B carbon dioxide 

C helium 

D oxygen 

 

 
10
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2

1

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 Which ion has more electrons than protons and more protons than neutrons? 

 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H
 o

, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1

 B –98 kJ mol –1

 C +98 kJ mol –1

 D +196 kJ mol –1

 

 

 

f

f
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7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0
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2
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy
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5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

What could be the proton number of an element that has three unpaired electrons in each of its 

atoms? 

A 5 B 13 C 15 D 21 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

The elements radon (Rn), francium (Fr) and radium (Ra) have consecutive proton numbers in the 

Periodic Table. 

 

What is the order of their first ionisation energies? 

 

 

least 

endothermic 
 

most 

endothermic 

A Fr Ra Rn 

B Fr Rn Ra 

C Ra Fr Rn 
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3 Which gas closely approaches ideal behaviour at room temperature and pressure? 

A ammonia 

B carbon dioxide 

C helium 

D oxygen 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 Which ion has more electrons than protons and more protons than neutrons? 

 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H
 o

, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1

 B –98 kJ mol –1

 C +98 kJ mol –1

 D +196 kJ mol –1
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7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 

6

4
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2

8
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5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

What could be the proton number of an element that has three unpaired electrons in each of its 

atoms? 

A 5 B 13 C 15 D 21 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

The elements radon (Rn), francium (Fr) and radium (Ra) have consecutive proton numbers in the 

Periodic Table. 

 

What is the order of their first ionisation energies? 

 

 

least 

endothermic 
 

most 

endothermic 

A Fr Ra Rn 

B Fr Rn Ra 

C Ra Fr Rn 

D Rn Ra Fr 

 

 

3 Which gas closely approaches ideal behaviour at room temperature and pressure? 

A ammonia 

B carbon dioxide 

C helium 

D oxygen 
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2

1

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 Which ion has more electrons than protons and more protons than neutrons? 

 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H
 o

, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1

 B –98 kJ mol –1

 C +98 kJ mol –1

 D +196 kJ mol –1

 

 

 

f

f

PAGE 266

CEDAR COLLEGE                                                                                                      GAS LAWS WS 2

�

5

5 

© UCLES 2010 9701/12/O/N/10 [Turn over 

7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 

6

4
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2

8
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5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

What could be the proton number of an element that has three unpaired electrons in each of its 

atoms? 

A 5 B 13 C 15 D 21 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

The elements radon (Rn), francium (Fr) and radium (Ra) have consecutive proton numbers in the 

Periodic Table. 

 

What is the order of their first ionisation energies? 

 

 

least 

endothermic 
 

most 

endothermic 

A Fr Ra Rn 

B Fr Rn Ra 

C Ra Fr Rn 

D Rn Ra Fr 

 

 

3 Which gas closely approaches ideal behaviour at room temperature and pressure? 

A ammonia 

B carbon dioxide 

C helium 

D oxygen 
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2

1

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 Which ion has more electrons than protons and more protons than neutrons? 

 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H
 o

, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1

 B –98 kJ mol –1

 C +98 kJ mol –1

 D +196 kJ mol –1

 

 

 

f

f

PAGE 266

CEDAR COLLEGE                                                                                                      GAS LAWS WS 2

�

5

5 

© UCLES 2010 9701/12/O/N/10 [Turn over 

7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2
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8 A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.  
Deuterium, 21H, is an isotope of hydrogen.

Which of the following would also exert a pressure p at the same temperature T ?

A 2 g of deuterium of volume V

B 4 g of deuterium of volume 

C a mixture of 1 g of hydrogen and 2 g of deuterium of total volume V

D a mixture of 2 g of hydrogen and 1 g of deuterium of total volume 2 V

9 The following energy cycle represents the enthalpy changes in the formation of carbon dioxide
from its constituent elements in their standard states.

What substances are present at level Y in this diagram?

A C(g)  +  2O(g)

B C(g)  +  O2(g)

C C(s)  +  O2(g)

D CO2(g)

energy

level Y

0

∆Hf

V_
2

8

3 
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5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

What could be the proton number of an element that has three unpaired electrons in each of its 

atoms? 

A 5 B 13 C 15 D 21 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

The elements radon (Rn), francium (Fr) and radium (Ra) have consecutive proton numbers in the 

Periodic Table. 

 

What is the order of their first ionisation energies? 

 

 

least 

endothermic 
 

most 

endothermic 

A Fr Ra Rn 

B Fr Rn Ra 

C Ra Fr Rn 

D Rn Ra Fr 

 

 

3 Which gas closely approaches ideal behaviour at room temperature and pressure? 

A ammonia 

B carbon dioxide 

C helium 

D oxygen 
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2

1

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 Which ion has more electrons than protons and more protons than neutrons? 

 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H
 o

, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1

 B –98 kJ mol –1

 C +98 kJ mol –1

 D +196 kJ mol –1

 

 

 

f

f

PAGE 266

CEDAR COLLEGE                                                                                                      GAS LAWS WS 2

CEDAR COLLEGE STATES OF MATTER WS 3



 37

11

12

13

14

�

11

5

9701/1/O/N/03 [Turn over

10 The value of pV is plotted against p for two gases, an ideal gas and a non-ideal gas, where p is the
pressure and V is the volume of the gas.

Which of the following gases shows the greatest deviation from ideality?

A ammonia

B ethene

C methane

D nitrogen

11 The ‘flash’ produced by nineteenth century photographers to take indoor photographs was
obtained from the following reaction.

3Mg + KClO3 ⎯⎯⎯→ 3MgO + KCl

The standard enthalpy changes of formation are given below.

What is the standard enthalpy change of the ‘flash’ reaction?

A –3(–602) + (–437) – (–391)

B (–602) + (–437) – (–391)

C 3(–602) + (–437) – (–391)

D (–602) + 3(–437) – 3(–391)

pV

0

non-ideal gas

0 p

ideal gas

∆H o_
f / kJmol–1

MgO –602

KCl –437

KClO3 –391
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5 Which quantity would best indicate the relative strengths of the hydrogen bonds between the 

molecules in liquid hydrogen halides? 

A bond dissociation energies 

B enthalpy changes of solution 

C enthalpy changes of formation 

D enthalpy changes of vaporisation 

 

 

6 A substance commonly found in the house or garden has the following properties. 

 

• It is combustible. 

• It is an electrical insulator. 

• It melts over a range of temperature. 

 

What could the substance be? 

A brass 

B paper 

C poly(ethene) 

D silicon(IV) oxide 

 

 

7 Which of the following would behave most like an ideal gas at room temperature? 

A carbon dioxide 

B helium 

C hydrogen 

D nitrogen 

 

 

8 Red lead oxide, Pb3O4, is used in metal priming paints. It can be made by heating PbO in air. 

 

6PbO(s) + O2(g) → 2Pb3O4(s) 

 

Which two values are needed to calculate the enthalpy change for this reaction? 

A enthalpy change of combustion of lead and enthalpy change of formation of Pb3O4 

B enthalpy change of combustion of PbO and enthalpy change of formation of Pb3O4 

C enthalpy change of formation of PbO and enthalpy change of atomisation of O2 

D enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4 
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4 Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 

pesticides. 

 

In the methyl isocyanate molecule, the sequence of atoms is H3C — N  C  O. 

 

What is the approximate angle between the bonds formed by the N atom? 

 

A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 

 

 

5 At room temperature and pressure chlorine does not behave as an ideal gas. 

 

At which temperature and pressure would the behaviour of chlorine become more ideal? 

 

 
pressure  

/ kPa 

temperature 
/ K 

A   50 200 

B   50 400 

C 200 200 

D 200 400 

 

 

6 The standard enthalpy change for the reaction 

 

2NF3(g) → 2N(g) + 6F(g) is ∆H o = +1668  kJ 

 

What is the bond energy of the N–F bond? 

A –556 kJ mol
–1

 

B –278  kJ mol
–1

 

C +278  kJ mol
–1

 

D +556 kJ mol
–1
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10 The value of pV is plotted against p for two gases, an ideal gas and a non-ideal gas, where p is the
pressure and V is the volume of the gas.

Which of the following gases shows the greatest deviation from ideality?

A ammonia

B ethene

C methane

D nitrogen

11 The ‘flash’ produced by nineteenth century photographers to take indoor photographs was
obtained from the following reaction.

3Mg + KClO3 ⎯⎯⎯→ 3MgO + KCl

The standard enthalpy changes of formation are given below.

What is the standard enthalpy change of the ‘flash’ reaction?

A –3(–602) + (–437) – (–391)

B (–602) + (–437) – (–391)

C 3(–602) + (–437) – (–391)

D (–602) + 3(–437) – 3(–391)

pV

0

non-ideal gas

0 p

ideal gas

∆H o_
f / kJmol–1

MgO –602

KCl –437

KClO3 –391
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5 Which quantity would best indicate the relative strengths of the hydrogen bonds between the 

molecules in liquid hydrogen halides? 

A bond dissociation energies 

B enthalpy changes of solution 

C enthalpy changes of formation 

D enthalpy changes of vaporisation 

 

 

6 A substance commonly found in the house or garden has the following properties. 

 

• It is combustible. 

• It is an electrical insulator. 

• It melts over a range of temperature. 

 

What could the substance be? 

A brass 

B paper 

C poly(ethene) 

D silicon(IV) oxide 

 

 

7 Which of the following would behave most like an ideal gas at room temperature? 

A carbon dioxide 

B helium 

C hydrogen 

D nitrogen 

 

 

8 Red lead oxide, Pb3O4, is used in metal priming paints. It can be made by heating PbO in air. 

 

6PbO(s) + O2(g) → 2Pb3O4(s) 

 

Which two values are needed to calculate the enthalpy change for this reaction? 

A enthalpy change of combustion of lead and enthalpy change of formation of Pb3O4 

B enthalpy change of combustion of PbO and enthalpy change of formation of Pb3O4 

C enthalpy change of formation of PbO and enthalpy change of atomisation of O2 

D enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4 
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3 

© UCLES 2011 9701/11/O/N/11 [Turn over 

4 Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 

pesticides. 

 

In the methyl isocyanate molecule, the sequence of atoms is H3C — N  C  O. 

 

What is the approximate angle between the bonds formed by the N atom? 

 

A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 

 

 

5 At room temperature and pressure chlorine does not behave as an ideal gas. 

 

At which temperature and pressure would the behaviour of chlorine become more ideal? 

 

 
pressure  

/ kPa 

temperature 
/ K 

A   50 200 

B   50 400 

C 200 200 

D 200 400 

 

 

6 The standard enthalpy change for the reaction 

 

2NF3(g) → 2N(g) + 6F(g) is ∆H o = +1668  kJ 

 

What is the bond energy of the N–F bond? 

A –556 kJ mol
–1

 

B –278  kJ mol
–1

 

C +278  kJ mol
–1

 

D +556 kJ mol
–1
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5 Two conversions are outlined below. 

NH
4

+

 → NH
3
 

C
2
H

4
 → C

2
H

6 

What similar feature do these two conversions have? 

A a lone pair of electrons in the product 

B change in oxidation state of an element 

C decrease in bond angle of the species involved 

D disappearance of a π bond 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.56 g of ethene gas is contained in a vessel at a pressure of 102 kPa and a temperature of 30 °C. 

 

What is the volume of the vessel? 

A 49 cm
3

 B 494 cm
3

 C 48 900 cm
3

 D 494 000 cm
3

 

 

 

7 Propanone has the molecular formula C
3
H

6
O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

The enthalpy change of combustion of propanone is –1786 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of formation of propanone? 

A –1106 kJ mol
–1

 

B –540 kJ mol
–1

 

C –254 kJ mol
–1

 

D +1106 kJ mol
–1

 

 

 

8 Under which set of conditions is a gas most likely to behave ideally? 

 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 

 

15
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5 Which diagram describes the formation of a π bond from the overlap of its orbitals? 

 

D

A

B

C

 

 

 

6 For an ideal gas, the plot of pV against p is a straight line. For a real gas, such a plot shows a 

deviation from ideal behaviour. The plots of pV against p for three real gases are shown below. 

 

The gases represented are ammonia, hydrogen and nitrogen. 

 

0
0

pV

p

ideal gas

X
Y Z

 

 

What are the identities of the gases X, Y and Z? 

 

 X Y Z 

A ammonia nitrogen hydrogen 

B hydrogen nitrogen ammonia 

C nitrogen ammonia hydrogen 

D nitrogen hydrogen ammonia 
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5 Two conversions are outlined below. 

NH
4

+

 → NH
3
 

C
2
H

4
 → C

2
H

6 

What similar feature do these two conversions have? 

A a lone pair of electrons in the product 

B change in oxidation state of an element 

C decrease in bond angle of the species involved 

D disappearance of a π bond 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.56 g of ethene gas is contained in a vessel at a pressure of 102 kPa and a temperature of 30 °C. 

 

What is the volume of the vessel? 

A 49 cm
3

 B 494 cm
3

 C 48 900 cm
3

 D 494 000 cm
3

 

 

 

7 Propanone has the molecular formula C
3
H

6
O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

The enthalpy change of combustion of propanone is –1786 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of formation of propanone? 

A –1106 kJ mol
–1

 

B –540 kJ mol
–1

 

C –254 kJ mol
–1

 

D +1106 kJ mol
–1

 

 

 

8 Under which set of conditions is a gas most likely to behave ideally? 

 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 
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10 The value of pV is plotted against p for two gases, an ideal gas and a non-ideal gas, where p is the
pressure and V is the volume of the gas.

Which of the following gases shows the greatest deviation from ideality?

A ammonia

B ethene

C methane

D nitrogen

11 The ‘flash’ produced by nineteenth century photographers to take indoor photographs was
obtained from the following reaction.

3Mg + KClO3 ⎯⎯⎯→ 3MgO + KCl

The standard enthalpy changes of formation are given below.

What is the standard enthalpy change of the ‘flash’ reaction?

A –3(–602) + (–437) – (–391)

B (–602) + (–437) – (–391)

C 3(–602) + (–437) – (–391)

D (–602) + 3(–437) – 3(–391)

pV

0

non-ideal gas

0 p

ideal gas

∆H o_
f / kJmol–1

MgO –602

KCl –437

KClO3 –391

12

3 
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5 Which quantity would best indicate the relative strengths of the hydrogen bonds between the 

molecules in liquid hydrogen halides? 

A bond dissociation energies 

B enthalpy changes of solution 

C enthalpy changes of formation 

D enthalpy changes of vaporisation 

 

 

6 A substance commonly found in the house or garden has the following properties. 

 

• It is combustible. 

• It is an electrical insulator. 

• It melts over a range of temperature. 

 

What could the substance be? 

A brass 

B paper 

C poly(ethene) 

D silicon(IV) oxide 

 

 

7 Which of the following would behave most like an ideal gas at room temperature? 

A carbon dioxide 

B helium 

C hydrogen 

D nitrogen 

 

 

8 Red lead oxide, Pb3O4, is used in metal priming paints. It can be made by heating PbO in air. 

 

6PbO(s) + O2(g) → 2Pb3O4(s) 

 

Which two values are needed to calculate the enthalpy change for this reaction? 

A enthalpy change of combustion of lead and enthalpy change of formation of Pb3O4 

B enthalpy change of combustion of PbO and enthalpy change of formation of Pb3O4 

C enthalpy change of formation of PbO and enthalpy change of atomisation of O2 

D enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4 
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4 Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 

pesticides. 

 

In the methyl isocyanate molecule, the sequence of atoms is H3C — N  C  O. 

 

What is the approximate angle between the bonds formed by the N atom? 

 

A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 

 

 

5 At room temperature and pressure chlorine does not behave as an ideal gas. 

 

At which temperature and pressure would the behaviour of chlorine become more ideal? 

 

 
pressure  

/ kPa 

temperature 
/ K 

A   50 200 

B   50 400 

C 200 200 

D 200 400 

 

 

6 The standard enthalpy change for the reaction 

 

2NF3(g) → 2N(g) + 6F(g) is ∆H o = +1668  kJ 

 

What is the bond energy of the N–F bond? 

A –556 kJ mol
–1

 

B –278  kJ mol
–1

 

C +278  kJ mol
–1

 

D +556 kJ mol
–1
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5 Two conversions are outlined below. 

NH
4

+

 → NH
3
 

C
2
H

4
 → C

2
H

6 

What similar feature do these two conversions have? 

A a lone pair of electrons in the product 

B change in oxidation state of an element 

C decrease in bond angle of the species involved 

D disappearance of a π bond 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.56 g of ethene gas is contained in a vessel at a pressure of 102 kPa and a temperature of 30 °C. 

 

What is the volume of the vessel? 

A 49 cm
3

 B 494 cm
3

 C 48 900 cm
3

 D 494 000 cm
3

 

 

 

7 Propanone has the molecular formula C
3
H

6
O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

The enthalpy change of combustion of propanone is –1786 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of formation of propanone? 

A –1106 kJ mol
–1

 

B –540 kJ mol
–1

 

C –254 kJ mol
–1

 

D +1106 kJ mol
–1

 

 

 

8 Under which set of conditions is a gas most likely to behave ideally? 

 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 

 

15

5 

 

© UCLES 2006 9701/01/O/N/06 [Turn over 

5 Which diagram describes the formation of a π bond from the overlap of its orbitals? 

 

D

A

B

C

 

 

 

6 For an ideal gas, the plot of pV against p is a straight line. For a real gas, such a plot shows a 

deviation from ideal behaviour. The plots of pV against p for three real gases are shown below. 

 

The gases represented are ammonia, hydrogen and nitrogen. 

 

0
0

pV

p

ideal gas

X
Y Z

 

 

What are the identities of the gases X, Y and Z? 

 

 X Y Z 

A ammonia nitrogen hydrogen 

B hydrogen nitrogen ammonia 

C nitrogen ammonia hydrogen 

D nitrogen hydrogen ammonia 
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5 Two conversions are outlined below. 

NH
4

+

 → NH
3
 

C
2
H

4
 → C

2
H

6 

What similar feature do these two conversions have? 

A a lone pair of electrons in the product 

B change in oxidation state of an element 

C decrease in bond angle of the species involved 

D disappearance of a π bond 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.56 g of ethene gas is contained in a vessel at a pressure of 102 kPa and a temperature of 30 °C. 

 

What is the volume of the vessel? 

A 49 cm
3

 B 494 cm
3

 C 48 900 cm
3

 D 494 000 cm
3

 

 

 

7 Propanone has the molecular formula C
3
H

6
O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

The enthalpy change of combustion of propanone is –1786 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of formation of propanone? 

A –1106 kJ mol
–1

 

B –540 kJ mol
–1

 

C –254 kJ mol
–1

 

D +1106 kJ mol
–1

 

 

 

8 Under which set of conditions is a gas most likely to behave ideally? 

 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 
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3 What is the most likely shape of a molecule of hydrazine, N2H4? 

 

N N

H

H

H

H

N

H

H

N

H

H

90°
N

H

N HH

H
90° 120°

A B C

N N

H
H

H
H

107°

D

 

 

 

4 In which species does the underlined atom have an incomplete outer shell? 

A Al 2Cl 6 B CH3

+

 C Cl 2O D H2Cl C• 

 

 

5 Which solid contains more than one kind of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7000 cm
3

 at a temperature of 30 °C. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

7 Two moles of compound P were placed in a vessel. The vessel was heated and compound P 

was partly decomposed to produce Q and R. A dynamic equilibrium between chemicals P, Q and 

R was established. 

At equilibrium x moles of R were present and the total number of moles present was (2 + 

2

x

). 

What is the equation for this equilibrium reaction? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 
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5 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 

of a gas at two different temperatures. 

 

Which letter on the axes represents the most probable energy of the molecules at the lower 

temperature? 

 

A 

B 

C D 
 

 

 

6 Which pair of elements has chemical bonds of the same type between their atoms in the solid 

state? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 

 

 

7 Ethanol has a boiling point of 78 °C. At 101 kPa and 79 °C ethanol vapour does not perfectly obey 

the gas equation pV = nRT. 

 

What is the reason for this? 

A Ethanol vapour is in equilibrium with ethanol liquid at 79 °C. 

B There are intermolecular forces between the molecules of ethanol vapour. 

C The vapourisation of ethanol liquid is an endothermic process. 

D Vapours will not obey the gas equation perfectly at such a low pressure. 
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6  Which least resembles an ideal gas at room temperature and pressure? 

A ammonia 

B helium 

C hydrogen 

D methane 

 

 

7  Use of the Data Booklet is relevant to this question. 

 

When 0.15 g of an organic compound is vaporised, it occupies a volume of 65.0 cm
3

 at 405 K and 

1.00 × 10
5

 Nm
–2

. 

 

Using the expression pV = nRT, which of the following expressions should be used to calculate 

the relative molecular mass, Mr, of the compound? 

A 

40531.8

101106515.0
56

×

××××
−

 

B 

35

1065101

40531.815.0

−

×××

××

 

C 

40531.8

101106515.0
53

×

××××
−

 

D 

65

1065101

40531.815.0

−

×××

××

 

 

 

8  Which compound is the only gas at room temperature and pressure? 

A CH3CH2CH2NH2 Mr = 59.0 

B CH3CH2CH2OH Mr = 60.0 

C CH2OHCH2OH Mr = 62.0 

D CH3CH2Cl Mr = 64.5  

 

 

9  Which formula represents the empirical formula of a compound? 

A CH4O B C2H4 C C6H12 D H2O2 

 

 

10  Use of the Data Booklet is relevant to this question. 

 

 A washing powder contains sodium hydrogencarbonate, NaHCO3, as one of the ingredients. In a 

titration, a solution containing 1.00 g of washing powder requires 7.15 cm
3

 of 0.100 mol dm
–3

 

sulfuric acid for complete reaction. The sodium hydrogencarbonate is the only ingredient that 

reacts with the acid. 

 

What is the percentage by mass of sodium hydrogencarbonate in the washing powder? 

A 3.0 B 6.0 C 12.0 D 24.0 

 

21
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of water 
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3 What is the most likely shape of a molecule of hydrazine, N2H4? 
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H
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H
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4 In which species does the underlined atom have an incomplete outer shell? 

A Al 2Cl 6 B CH3

+

 C Cl 2O D H2Cl C• 

 

 

5 Which solid contains more than one kind of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7000 cm
3

 at a temperature of 30 °C. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

7 Two moles of compound P were placed in a vessel. The vessel was heated and compound P 

was partly decomposed to produce Q and R. A dynamic equilibrium between chemicals P, Q and 

R was established. 

At equilibrium x moles of R were present and the total number of moles present was (2 + 

2

x

). 

What is the equation for this equilibrium reaction? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 
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5 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 

of a gas at two different temperatures. 

 

Which letter on the axes represents the most probable energy of the molecules at the lower 

temperature? 

 

A 

B 

C D 
 

 

 

6 Which pair of elements has chemical bonds of the same type between their atoms in the solid 

state? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 

 

 

7 Ethanol has a boiling point of 78 °C. At 101 kPa and 79 °C ethanol vapour does not perfectly obey 

the gas equation pV = nRT. 

 

What is the reason for this? 

A Ethanol vapour is in equilibrium with ethanol liquid at 79 °C. 

B There are intermolecular forces between the molecules of ethanol vapour. 

C The vapourisation of ethanol liquid is an endothermic process. 

D Vapours will not obey the gas equation perfectly at such a low pressure. 
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6  Which least resembles an ideal gas at room temperature and pressure? 

A ammonia 

B helium 

C hydrogen 

D methane 

 

 

7  Use of the Data Booklet is relevant to this question. 

 

When 0.15 g of an organic compound is vaporised, it occupies a volume of 65.0 cm
3

 at 405 K and 

1.00 × 10
5

 Nm
–2

. 

 

Using the expression pV = nRT, which of the following expressions should be used to calculate 

the relative molecular mass, Mr, of the compound? 
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40531.8
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−

×××
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8  Which compound is the only gas at room temperature and pressure? 

A CH3CH2CH2NH2 Mr = 59.0 

B CH3CH2CH2OH Mr = 60.0 

C CH2OHCH2OH Mr = 62.0 

D CH3CH2Cl Mr = 64.5  

 

 

9  Which formula represents the empirical formula of a compound? 

A CH4O B C2H4 C C6H12 D H2O2 

 

 

10  Use of the Data Booklet is relevant to this question. 

 

 A washing powder contains sodium hydrogencarbonate, NaHCO3, as one of the ingredients. In a 

titration, a solution containing 1.00 g of washing powder requires 7.15 cm
3

 of 0.100 mol dm
–3

 

sulfuric acid for complete reaction. The sodium hydrogencarbonate is the only ingredient that 

reacts with the acid. 

 

What is the percentage by mass of sodium hydrogencarbonate in the washing powder? 

A 3.0 B 6.0 C 12.0 D 24.0 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of water 
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5 Two conversions are outlined below. 

NH
4

+

 → NH
3
 

C
2
H

4
 → C

2
H

6 

What similar feature do these two conversions have? 

A a lone pair of electrons in the product 

B change in oxidation state of an element 

C decrease in bond angle of the species involved 

D disappearance of a π bond 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.56 g of ethene gas is contained in a vessel at a pressure of 102 kPa and a temperature of 30 °C. 

 

What is the volume of the vessel? 

A 49 cm
3

 B 494 cm
3

 C 48 900 cm
3

 D 494 000 cm
3

 

 

 

7 Propanone has the molecular formula C
3
H

6
O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

The enthalpy change of combustion of propanone is –1786 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of formation of propanone? 

A –1106 kJ mol
–1

 

B –540 kJ mol
–1

 

C –254 kJ mol
–1

 

D +1106 kJ mol
–1

 

 

 

8 Under which set of conditions is a gas most likely to behave ideally? 

 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 
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5 Which diagram describes the formation of a π bond from the overlap of its orbitals? 

 

D

A

B

C

 

 

 

6 For an ideal gas, the plot of pV against p is a straight line. For a real gas, such a plot shows a 

deviation from ideal behaviour. The plots of pV against p for three real gases are shown below. 

 

The gases represented are ammonia, hydrogen and nitrogen. 

 

0
0

pV

p

ideal gas

X
Y Z

 

 

What are the identities of the gases X, Y and Z? 

 

 X Y Z 

A ammonia nitrogen hydrogen 

B hydrogen nitrogen ammonia 

C nitrogen ammonia hydrogen 

D nitrogen hydrogen ammonia 
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5 Two conversions are outlined below. 

NH
4

+

 → NH
3
 

C
2
H

4
 → C

2
H

6 

What similar feature do these two conversions have? 

A a lone pair of electrons in the product 

B change in oxidation state of an element 

C decrease in bond angle of the species involved 

D disappearance of a π bond 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.56 g of ethene gas is contained in a vessel at a pressure of 102 kPa and a temperature of 30 °C. 

 

What is the volume of the vessel? 

A 49 cm
3

 B 494 cm
3

 C 48 900 cm
3

 D 494 000 cm
3

 

 

 

7 Propanone has the molecular formula C
3
H

6
O. 

 

The enthalpy change of combustion of hydrogen is –286 kJ mol
–1

. 

The enthalpy change of combustion of carbon is –394 kJ mol
–1

. 

The enthalpy change of combustion of propanone is –1786 kJ mol
–1

. 

 

Using this information, what is the enthalpy change of formation of propanone? 

A –1106 kJ mol
–1

 

B –540 kJ mol
–1

 

C –254 kJ mol
–1

 

D +1106 kJ mol
–1

 

 

 

8 Under which set of conditions is a gas most likely to behave ideally? 

 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 
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3 What is the most likely shape of a molecule of hydrazine, N2H4? 

 

N N

H

H

H

H

N

H

H

N

H

H

90°
N

H

N HH

H
90° 120°

A B C

N N

H
H

H
H

107°

D

 

 

 

4 In which species does the underlined atom have an incomplete outer shell? 

A Al 2Cl 6 B CH3

+

 C Cl 2O D H2Cl C• 

 

 

5 Which solid contains more than one kind of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7000 cm
3

 at a temperature of 30 °C. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

7 Two moles of compound P were placed in a vessel. The vessel was heated and compound P 

was partly decomposed to produce Q and R. A dynamic equilibrium between chemicals P, Q and 

R was established. 

At equilibrium x moles of R were present and the total number of moles present was (2 + 

2

x

). 

What is the equation for this equilibrium reaction? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 
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5 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 

of a gas at two different temperatures. 

 

Which letter on the axes represents the most probable energy of the molecules at the lower 

temperature? 

 

A 

B 

C D 
 

 

 

6 Which pair of elements has chemical bonds of the same type between their atoms in the solid 

state? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 

 

 

7 Ethanol has a boiling point of 78 °C. At 101 kPa and 79 °C ethanol vapour does not perfectly obey 

the gas equation pV = nRT. 

 

What is the reason for this? 

A Ethanol vapour is in equilibrium with ethanol liquid at 79 °C. 

B There are intermolecular forces between the molecules of ethanol vapour. 

C The vapourisation of ethanol liquid is an endothermic process. 

D Vapours will not obey the gas equation perfectly at such a low pressure. 
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6  Which least resembles an ideal gas at room temperature and pressure? 

A ammonia 

B helium 

C hydrogen 

D methane 

 

 

7  Use of the Data Booklet is relevant to this question. 

 

When 0.15 g of an organic compound is vaporised, it occupies a volume of 65.0 cm
3

 at 405 K and 

1.00 × 10
5

 Nm
–2

. 

 

Using the expression pV = nRT, which of the following expressions should be used to calculate 

the relative molecular mass, Mr, of the compound? 

A 

40531.8

101106515.0
56

×

××××
−

 

B 

35

1065101

40531.815.0

−

×××

××

 

C 

40531.8

101106515.0
53

×

××××
−

 

D 

65

1065101

40531.815.0

−

×××

××

 

 

 

8  Which compound is the only gas at room temperature and pressure? 

A CH3CH2CH2NH2 Mr = 59.0 

B CH3CH2CH2OH Mr = 60.0 

C CH2OHCH2OH Mr = 62.0 

D CH3CH2Cl Mr = 64.5  

 

 

9  Which formula represents the empirical formula of a compound? 

A CH4O B C2H4 C C6H12 D H2O2 

 

 

10  Use of the Data Booklet is relevant to this question. 

 

 A washing powder contains sodium hydrogencarbonate, NaHCO3, as one of the ingredients. In a 

titration, a solution containing 1.00 g of washing powder requires 7.15 cm
3

 of 0.100 mol dm
–3

 

sulfuric acid for complete reaction. The sodium hydrogencarbonate is the only ingredient that 

reacts with the acid. 

 

What is the percentage by mass of sodium hydrogencarbonate in the washing powder? 

A 3.0 B 6.0 C 12.0 D 24.0 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of water 
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4 Two glass vessels M and N are connected by a closed valve. 

 

M N

 

 

M contains helium at 20 °C at a pressure of 1 × 10
5  Pa. N has been evacuated, and has three 

times the volume of M. In an experiment, the valve is opened and the temperature of the whole 

apparatus is raised to 100 °C. 

 

What is the final pressure in the system? 

A 3.18 × 10
4 Pa 

B 4.24 × 10
4 Pa 

C 1.25 × 10
5  Pa 

D 5.09 × 10
5  Pa 

 

 

5 The table shows the physical properties of four substances. 

 

Which substance could be hydrogen chloride? 

 

 

melting point 

/ °C 

electrical 

conductivity 

of solid 

electrical 

conductivity 

of liquid 

electrical 

conductivity 

of aqueous 

solution 

A –119 poor poor insoluble 

B –115 poor poor good 

C –50 poor poor poor 

D 993 poor good good 

 

 

6 Aluminium carbide, Al 4C3 , reacts readily with aqueous sodium hydroxide. The two products of the 

reaction are NaAl O2  and a hydrocarbon. Water molecules are also involved as reactants. 

 

What is the formula of the hydrocarbon? 

A CH4 B C2 H6 C C3 H8 D C6H12  
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7  Copper and iodine are both shiny crystalline solids. 

 

Which forces exist between particles in solid copper and between neighbouring iodine molecules 

in solid iodine? 

 

 copper iodine 

A ionic bonds covalent bonds 

B ionic bonds van der Waals’ forces 

C metallic bonds covalent bonds 

D metallic bonds van der Waals’ forces 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

Ferrochrome is an alloy of iron and chromium. Ferrochrome can be dissolved in dilute sulfuric 

acid to produce a mixture of FeSO4 and Cr2(SO4)3. The FeSO4 reacts with K2Cr2O7 in acid 

solution according to the following equation. 

 

14H
+

  +  6Fe
2+

  +  Cr2O7

2–

  →  2Cr
3+

  +  6Fe
3+

  +  7H2O 

 

When 1.00 g of ferrochrome is dissolved in dilute sulfuric acid, and the resulting solution titrated, 

13.1 cm
3

 of 0.100 mol dm
–3

 K2Cr2O7 is required for complete reaction. 

 

What is the percentage by mass of Fe in the sample of ferrochrome? 

A 1.22 B 4.39 C 12.2 D 43.9 

 

 

9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated glass tube of volume 200 cm
3

 is filled with a gas at 300 K and 101 kPa, the 

mass of the tube increases by 1.06 g. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D xenon 
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4 In oxygen difluoride, OF2, fluorine has an oxidation number of –1. OF2 will react with sulfur 

dioxide according to the following equation. 

 

OF2  +  SO2  →  SO3  +  F2 

 

What is oxidised and what is reduced in this reaction? 

 

 fluorine 
oxygen 

in OF2 
sulfur 

A oxidised oxidised reduced 

B oxidised reduced oxidised 

C reduced oxidised reduced 

D reduced reduced oxidised 

 

 

5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7.0 × 10
–3 m3

 at a temperature of 

30 °C. 

 

Assume the gas behaves as an ideal gas. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

6 One mole of phosphorus(V) chloride, PCl 5, is heated to 600 K in a sealed flask of volume 1 dm
3

. 

Equilibrium is established and measurements are taken. 

 

PCl 5(g)    PCl 3(g)  +  Cl 2(g) 

 

The experiment is repeated with one mole of phosphorus(V) chloride heated to 600 K in a sealed 

flask of volume 2 dm
3

. 

 

How will the measurements vary? 

A The equilibrium concentrations of PCl 3(g) and Cl 2(g) are higher in the second experiment. 

B The equilibrium concentration of PCl 5(g) is lower in the second experiment. 

C The equilibrium concentrations of all three gases are the same in both experiments. 

D The value of the equilibrium constant is higher in the second experiment. 
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5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

The volume of a sample of methane is measured at a temperature of 60 °C and a pressure of 

103 kPa. The volume measured is 5.37 × 10
–3 m3

. 

 

Assume the gas behaves as an ideal gas. 

 

What is the mass of the sample of methane, given to two significant figures? 

A 0.00018 g B 0.0032 g C 0.18 g D 3.2 g 

 

 

6 Metaldehyde, (CH3CHO)4, is used as a solid fuel for camping stoves. The equation for the 

complete combustion of metaldehyde is shown. 

 

(CH3CHO)4(s)  +  10 O2(g)  →  8CO2(g)  +  8H2O(l) 

 

 = standard enthalpy change of combustion. 

 

Which expression will give a correct value for the enthalpy change of formation of metaldehyde? 

A  metaldehyde  –  (8  carbon  +  8  hydrogen) 

B  metaldehyde  –  (8  carbon  +  16  hydrogen) 

C (8  carbon  +  8  hydrogen)  –   metaldehyde 

D (8  carbon  +  16  hydrogen)  –   metaldehyde 

 

 

7 In industry, copper metal is purified by electrolysis. 

 

Which changes occur to the masses of the electrodes and to the colour of the electrolyte during 

this process? 

 

 
mass of 

anode 

mass of 

cathode 

colour of 

electrolyte 

A decrease increase little or no change occurs 

B decrease increase pale blue to blue 

C increase decrease little or no change occurs 

D increase decrease blue to pale blue 
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4 Two glass vessels M and N are connected by a closed valve. 

 

M N

 

 

M contains helium at 20 °C at a pressure of 1 × 10
5  Pa. N has been evacuated, and has three 

times the volume of M. In an experiment, the valve is opened and the temperature of the whole 

apparatus is raised to 100 °C. 

 

What is the final pressure in the system? 

A 3.18 × 10
4 Pa 

B 4.24 × 10
4 Pa 

C 1.25 × 10
5  Pa 

D 5.09 × 10
5  Pa 

 

 

5 The table shows the physical properties of four substances. 

 

Which substance could be hydrogen chloride? 

 

 

melting point 

/ °C 

electrical 

conductivity 

of solid 

electrical 

conductivity 

of liquid 

electrical 

conductivity 

of aqueous 

solution 

A –119 poor poor insoluble 

B –115 poor poor good 

C –50 poor poor poor 

D 993 poor good good 

 

 

6 Aluminium carbide, Al 4C3 , reacts readily with aqueous sodium hydroxide. The two products of the 

reaction are NaAl O2  and a hydrocarbon. Water molecules are also involved as reactants. 

 

What is the formula of the hydrocarbon? 

A CH4 B C2 H6 C C3 H8 D C6H12  
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7  Copper and iodine are both shiny crystalline solids. 

 

Which forces exist between particles in solid copper and between neighbouring iodine molecules 

in solid iodine? 

 

 copper iodine 

A ionic bonds covalent bonds 

B ionic bonds van der Waals’ forces 

C metallic bonds covalent bonds 

D metallic bonds van der Waals’ forces 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

Ferrochrome is an alloy of iron and chromium. Ferrochrome can be dissolved in dilute sulfuric 

acid to produce a mixture of FeSO4 and Cr2(SO4)3. The FeSO4 reacts with K2Cr2O7 in acid 

solution according to the following equation. 

 

14H
+

  +  6Fe
2+

  +  Cr2O7

2–

  →  2Cr
3+

  +  6Fe
3+

  +  7H2O 

 

When 1.00 g of ferrochrome is dissolved in dilute sulfuric acid, and the resulting solution titrated, 

13.1 cm
3

 of 0.100 mol dm
–3

 K2Cr2O7 is required for complete reaction. 

 

What is the percentage by mass of Fe in the sample of ferrochrome? 

A 1.22 B 4.39 C 12.2 D 43.9 

 

 

9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated glass tube of volume 200 cm
3

 is filled with a gas at 300 K and 101 kPa, the 

mass of the tube increases by 1.06 g. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D xenon 
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4 In oxygen difluoride, OF2, fluorine has an oxidation number of –1. OF2 will react with sulfur 

dioxide according to the following equation. 

 

OF2  +  SO2  →  SO3  +  F2 

 

What is oxidised and what is reduced in this reaction? 

 

 fluorine 
oxygen 

in OF2 
sulfur 

A oxidised oxidised reduced 

B oxidised reduced oxidised 

C reduced oxidised reduced 

D reduced reduced oxidised 

 

 

5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7.0 × 10
–3 m3

 at a temperature of 

30 °C. 

 

Assume the gas behaves as an ideal gas. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

6 One mole of phosphorus(V) chloride, PCl 5, is heated to 600 K in a sealed flask of volume 1 dm
3

. 

Equilibrium is established and measurements are taken. 

 

PCl 5(g)    PCl 3(g)  +  Cl 2(g) 

 

The experiment is repeated with one mole of phosphorus(V) chloride heated to 600 K in a sealed 

flask of volume 2 dm
3

. 

 

How will the measurements vary? 

A The equilibrium concentrations of PCl 3(g) and Cl 2(g) are higher in the second experiment. 

B The equilibrium concentration of PCl 5(g) is lower in the second experiment. 

C The equilibrium concentrations of all three gases are the same in both experiments. 

D The value of the equilibrium constant is higher in the second experiment. 
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5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

The volume of a sample of methane is measured at a temperature of 60 °C and a pressure of 

103 kPa. The volume measured is 5.37 × 10
–3 m3

. 

 

Assume the gas behaves as an ideal gas. 

 

What is the mass of the sample of methane, given to two significant figures? 

A 0.00018 g B 0.0032 g C 0.18 g D 3.2 g 

 

 

6 Metaldehyde, (CH3CHO)4, is used as a solid fuel for camping stoves. The equation for the 

complete combustion of metaldehyde is shown. 

 

(CH3CHO)4(s)  +  10 O2(g)  →  8CO2(g)  +  8H2O(l) 

 

 = standard enthalpy change of combustion. 

 

Which expression will give a correct value for the enthalpy change of formation of metaldehyde? 

A  metaldehyde  –  (8  carbon  +  8  hydrogen) 

B  metaldehyde  –  (8  carbon  +  16  hydrogen) 

C (8  carbon  +  8  hydrogen)  –   metaldehyde 

D (8  carbon  +  16  hydrogen)  –   metaldehyde 

 

 

7 In industry, copper metal is purified by electrolysis. 

 

Which changes occur to the masses of the electrodes and to the colour of the electrolyte during 

this process? 

 

 
mass of 

anode 

mass of 

cathode 

colour of 

electrolyte 

A decrease increase little or no change occurs 

B decrease increase pale blue to blue 

C increase decrease little or no change occurs 

D increase decrease blue to pale blue 

 

 

PAGE 270

CEDAR COLLEGE                                                                                                      GAS LAWS WS 2

�

18

3 

© UCLES 2012 9701/12/M/J/12 [Turn over 

3 What is the most likely shape of a molecule of hydrazine, N2H4? 

 

N N

H

H

H

H

N

H

H

N

H

H

90°
N

H

N HH

H
90° 120°

A B C

N N

H
H

H
H

107°

D

 

 

 

4 In which species does the underlined atom have an incomplete outer shell? 

A Al 2Cl 6 B CH3

+

 C Cl 2O D H2Cl C• 

 

 

5 Which solid contains more than one kind of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 

 

 

6 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7000 cm
3

 at a temperature of 30 °C. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

7 Two moles of compound P were placed in a vessel. The vessel was heated and compound P 

was partly decomposed to produce Q and R. A dynamic equilibrium between chemicals P, Q and 

R was established. 

At equilibrium x moles of R were present and the total number of moles present was (2 + 

2

x

). 

What is the equation for this equilibrium reaction? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 
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5 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 

of a gas at two different temperatures. 

 

Which letter on the axes represents the most probable energy of the molecules at the lower 

temperature? 

 

A 

B 

C D 
 

 

 

6 Which pair of elements has chemical bonds of the same type between their atoms in the solid 

state? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 

 

 

7 Ethanol has a boiling point of 78 °C. At 101 kPa and 79 °C ethanol vapour does not perfectly obey 

the gas equation pV = nRT. 

 

What is the reason for this? 

A Ethanol vapour is in equilibrium with ethanol liquid at 79 °C. 

B There are intermolecular forces between the molecules of ethanol vapour. 

C The vapourisation of ethanol liquid is an endothermic process. 

D Vapours will not obey the gas equation perfectly at such a low pressure. 
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6  Which least resembles an ideal gas at room temperature and pressure? 

A ammonia 

B helium 

C hydrogen 

D methane 

 

 

7  Use of the Data Booklet is relevant to this question. 

 

When 0.15 g of an organic compound is vaporised, it occupies a volume of 65.0 cm
3

 at 405 K and 

1.00 × 10
5

 Nm
–2

. 

 

Using the expression pV = nRT, which of the following expressions should be used to calculate 

the relative molecular mass, Mr, of the compound? 

A 

40531.8

101106515.0
56

×

××××
−

 

B 

35

1065101

40531.815.0

−

×××

××

 

C 

40531.8

101106515.0
53

×

××××
−

 

D 

65

1065101

40531.815.0

−

×××

××

 

 

 

8  Which compound is the only gas at room temperature and pressure? 

A CH3CH2CH2NH2 Mr = 59.0 

B CH3CH2CH2OH Mr = 60.0 

C CH2OHCH2OH Mr = 62.0 

D CH3CH2Cl Mr = 64.5  

 

 

9  Which formula represents the empirical formula of a compound? 

A CH4O B C2H4 C C6H12 D H2O2 

 

 

10  Use of the Data Booklet is relevant to this question. 

 

 A washing powder contains sodium hydrogencarbonate, NaHCO3, as one of the ingredients. In a 

titration, a solution containing 1.00 g of washing powder requires 7.15 cm
3

 of 0.100 mol dm
–3

 

sulfuric acid for complete reaction. The sodium hydrogencarbonate is the only ingredient that 

reacts with the acid. 

 

What is the percentage by mass of sodium hydrogencarbonate in the washing powder? 

A 3.0 B 6.0 C 12.0 D 24.0 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of water 
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4 Two glass vessels M and N are connected by a closed valve. 

 

M N

 

 

M contains helium at 20 °C at a pressure of 1 × 10
5  Pa. N has been evacuated, and has three 

times the volume of M. In an experiment, the valve is opened and the temperature of the whole 

apparatus is raised to 100 °C. 

 

What is the final pressure in the system? 

A 3.18 × 10
4 Pa 

B 4.24 × 10
4 Pa 

C 1.25 × 10
5  Pa 

D 5.09 × 10
5  Pa 

 

 

5 The table shows the physical properties of four substances. 

 

Which substance could be hydrogen chloride? 

 

 

melting point 

/ °C 

electrical 

conductivity 

of solid 

electrical 

conductivity 

of liquid 

electrical 

conductivity 

of aqueous 

solution 

A –119 poor poor insoluble 

B –115 poor poor good 

C –50 poor poor poor 

D 993 poor good good 

 

 

6 Aluminium carbide, Al 4C3 , reacts readily with aqueous sodium hydroxide. The two products of the 

reaction are NaAl O2  and a hydrocarbon. Water molecules are also involved as reactants. 

 

What is the formula of the hydrocarbon? 

A CH4 B C2 H6 C C3 H8 D C6H12  
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7  Copper and iodine are both shiny crystalline solids. 

 

Which forces exist between particles in solid copper and between neighbouring iodine molecules 

in solid iodine? 

 

 copper iodine 

A ionic bonds covalent bonds 

B ionic bonds van der Waals’ forces 

C metallic bonds covalent bonds 

D metallic bonds van der Waals’ forces 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

Ferrochrome is an alloy of iron and chromium. Ferrochrome can be dissolved in dilute sulfuric 

acid to produce a mixture of FeSO4 and Cr2(SO4)3. The FeSO4 reacts with K2Cr2O7 in acid 

solution according to the following equation. 

 

14H
+

  +  6Fe
2+

  +  Cr2O7

2–

  →  2Cr
3+

  +  6Fe
3+

  +  7H2O 

 

When 1.00 g of ferrochrome is dissolved in dilute sulfuric acid, and the resulting solution titrated, 

13.1 cm
3

 of 0.100 mol dm
–3

 K2Cr2O7 is required for complete reaction. 

 

What is the percentage by mass of Fe in the sample of ferrochrome? 

A 1.22 B 4.39 C 12.2 D 43.9 

 

 

9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated glass tube of volume 200 cm
3

 is filled with a gas at 300 K and 101 kPa, the 

mass of the tube increases by 1.06 g. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D xenon 

 

 24
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4 In oxygen difluoride, OF2, fluorine has an oxidation number of –1. OF2 will react with sulfur 

dioxide according to the following equation. 

 

OF2  +  SO2  →  SO3  +  F2 

 

What is oxidised and what is reduced in this reaction? 

 

 fluorine 
oxygen 

in OF2 
sulfur 

A oxidised oxidised reduced 

B oxidised reduced oxidised 

C reduced oxidised reduced 

D reduced reduced oxidised 

 

 

5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7.0 × 10
–3 m3

 at a temperature of 

30 °C. 

 

Assume the gas behaves as an ideal gas. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

6 One mole of phosphorus(V) chloride, PCl 5, is heated to 600 K in a sealed flask of volume 1 dm
3

. 

Equilibrium is established and measurements are taken. 

 

PCl 5(g)    PCl 3(g)  +  Cl 2(g) 

 

The experiment is repeated with one mole of phosphorus(V) chloride heated to 600 K in a sealed 

flask of volume 2 dm
3

. 

 

How will the measurements vary? 

A The equilibrium concentrations of PCl 3(g) and Cl 2(g) are higher in the second experiment. 

B The equilibrium concentration of PCl 5(g) is lower in the second experiment. 

C The equilibrium concentrations of all three gases are the same in both experiments. 

D The value of the equilibrium constant is higher in the second experiment. 
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5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

The volume of a sample of methane is measured at a temperature of 60 °C and a pressure of 

103 kPa. The volume measured is 5.37 × 10
–3 m3

. 

 

Assume the gas behaves as an ideal gas. 

 

What is the mass of the sample of methane, given to two significant figures? 

A 0.00018 g B 0.0032 g C 0.18 g D 3.2 g 

 

 

6 Metaldehyde, (CH3CHO)4, is used as a solid fuel for camping stoves. The equation for the 

complete combustion of metaldehyde is shown. 

 

(CH3CHO)4(s)  +  10 O2(g)  →  8CO2(g)  +  8H2O(l) 

 

 = standard enthalpy change of combustion. 

 

Which expression will give a correct value for the enthalpy change of formation of metaldehyde? 

A  metaldehyde  –  (8  carbon  +  8  hydrogen) 

B  metaldehyde  –  (8  carbon  +  16  hydrogen) 

C (8  carbon  +  8  hydrogen)  –   metaldehyde 

D (8  carbon  +  16  hydrogen)  –   metaldehyde 

 

 

7 In industry, copper metal is purified by electrolysis. 

 

Which changes occur to the masses of the electrodes and to the colour of the electrolyte during 

this process? 

 

 
mass of 

anode 

mass of 

cathode 

colour of 

electrolyte 

A decrease increase little or no change occurs 

B decrease increase pale blue to blue 

C increase decrease little or no change occurs 

D increase decrease blue to pale blue 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

where each symbol has its usual meaning. 

 

Which statements are correct? 

1 One mole of an ideal gas occupies the same volume under the same conditions of 

temperature and pressure. 

2  The density of an ideal gas at constant pressure is inversely proportional to the temperature, 

T. 

3 The volume of a given mass of an ideal gas is doubled if its temperature is raised from 25 °C 

to 50 °C at constant pressure. 

 

 

32  Use of the Data Booklet is relevant to this question. 

In which pairs do both species have the same number of unpaired p electrons? 

1 O and Cl + 

2  F
+

 and Ga
–

 

3 P and Ne
+
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5 Na2S2O3 reacts with dilute HCl to give a pale yellow precipitate. If 1 cm
3

 of 0.1 mol dm
–3

 HCl is 

added to 10 cm
3

 of 0.02 mol dm
–3

 Na2S2O3 the precipitate forms slowly.  

 

If the experiment is repeated with 1 cm
3

 of 0.1 mol dm
–3

 HCl and 10 cm
3

 of 0.05 mol dm
–3

 Na2S2O3 

the precipitate forms more quickly. 

 

Why is this? 

A The activation energy of the reaction is lower when 0.05 mol dm
–3

 Na2S2O3 is used. 

B The collisions between reactant particles are more violent when 0.05 mol dm
–3

 Na2S2O3 is 

used. 

C The reactant particles collide more frequently when 0.05 mol dm
–3

 Na2S2O3 is used. 

D The reaction proceeds by a different pathway when 0.05 mol dm
–3

 Na2S2O3 is used. 

 

 

6 Which stage in the free radical substitution of ethane by chlorine will have the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 

 

 

7 Measured values of the pressure, volume and temperature of a known mass of a gaseous 

compound are to be substituted into the equation pV = nRT. 

 

The measurements are used to calculate the relative molecular mass, Mr, of a compound. 

 

Which conditions of pressure and temperature would give the most accurate value of Mr? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

8 Which solid contains more than one kind of bonding? 

A copper 

B diamond 

C ice 

D magnesium oxide 

 

 

7
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9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated fluorescent light tube of volume 300 cm
3

 is filled with a gas at 300 K and 

101 kPa, the mass of the tube increases by 1.02 g. The gas obeys the ideal gas equation 

pV = nRT. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D nitrogen 

 

 

10  Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 1.00 mol of nitrogen, 3.00 mol of hydrogen and 1.98 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel under certain conditions. It was found that 1.64 mol of 

nitrogen were present in the equilibrium mixture. 

 

What is the value of Kc under these conditions? 

A 
3

2

)92.4)(64.1(

)70.0(

 

B 
3

2

)64.3)(64.1(

)34.1(

 

C 
2

3

)70.0(

)92.4)(64.1(

 

D 
2

3

)34.1(

)64.3)(64.1(

 

 

 

11 Use of the Data Booklet is relevant to this question. 

 

Which calcium compound contains 54.1 % by mass of calcium? 

A calcium hydroxide 

B calcium nitrate 

C calcium oxide 

D calcium sulfate 
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15  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium
bromide

graphite anode

 

 

 Why is an atmosphere of argon used around the cathode? 

A The argon keeps the strontium molten. 

B The argon stops the molten strontium rising too high in the tube. 

C A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

 formed metal. 

D Without the argon strontium oxide would form in the air. 

 

 

16  A weedkiller can be prepared by heating a bleach solution. 

 

3NaCl O
heat

bleach weedkiller

NaCl O 3+2NaCl

 

 

What are the oxidation states of chlorine in these three compounds? 

A –1 –1 +5 

B +1 –1 +5 

C +1 –1 +7 

D +2 +1 +7 

 

 

For the following questions, the responses A to D should be selected on the basis of

12  
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

32  Use of the Data Booklet is relevant to this question. 

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 

 

 

33 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 
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The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

34 The equilibrium constant Kp for the reaction 

X(g)  +  Y(g)         Z(g)

varies with temperature as shown in the diagram below.

Which conclusions can be drawn from this information?

1 The reaction is exothermic in the forward direction.

2 The equilibrium mixture contains a greater proportion of Z at higher pressures.

3 The equilibrium mixture contains a greater proportion of Z at higher temperatures.

35 When decomposing in water, organic refuse is oxidised to form carboxylic acids.  The water
becomes acidic and aquatic life is destroyed.

Which additives are suitable to remove this acid pollution?

1 calcium carbonate

2 calcium hydroxide

3 potassium nitrate

36 Which properties would be expected for the Group II element, strontium, or its compounds?

1 When heated in oxygen, strontium does not burn.

2 On being heated, strontium carbonate decomposes to give strontium oxide.

3 When strontium oxide is added to water, the solution is alkaline.

Kp

T

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

34
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 Which compounds have the empirical formula CH2O? 

1 methanal

2 ethanoic acid

3 methyl methanoate

32 Which of the following are features of the structure of metallic copper?

1 ionic bonds

2 delocalised electrons

3 lattice of ions

33 Which statements about the commercial extraction of aluminium are correct?

1 The cathode reaction is Al3+ + 3e– → Al.

2 The lining of the electrolytic cell acts as the cathode.

3 The electrolyte is purified Al2O3 in Na3AlF6.

34 Which of the following magnesium compounds lose mass when heated by a bunsen flame?

1 magnesium carbonate

2 magnesium nitrate

3 magnesium oxide

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 On a scale in which the mass of a 
12

C atom is 12 the relative molecular mass of a particular 

sample of chlorine is 72. 

 

Which properties of the atoms in this sample are always the same? 

1 radius 

2 nucleon number 

3 isotopic mass 

 

 

32 An ideal gas obeys the gas laws under all conditions of temperature and pressure. 

 

Which of the following are true for an ideal gas? 

1 The molecules have negligible volume. 

2 There are no forces of attraction between molecules. 

3 The molecules have an average kinetic energy which is proportional to its absolute 

temperature. 

 

 

33 For which reactions does the value of ∆H
o

 represent both a standard enthalpy change of 

combustion and a standard enthalpy change of formation? 

1 C(s) + O2(g) → CO2(g) 

2 2C(s) + O2(g) → 2CO(g) 

3 CO(g) + 
2

1

O2(g) → CO2(g) 

 

 

2
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 What are assumptions of the kinetic theory of gases and hence of the ideal gas equation,          

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

32 Carbon monoxide burns readily in oxygen to form carbon dioxide. 

 

What can be deduced from this information? 

1 The +4 oxidation state of carbon is more stable than the +2 state. 

2 The standard enthalpy change of formation of carbon dioxide is more negative than that of 

carbon monoxide. 

3 The value of the equilibrium constant for the reaction, 2CO(g) + O2(g)  2CO2(g), is likely to 

be high. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Solid calcium carbonate is added to 100 cm
3

 of dilute hydrochloric acid and the rate of the 

reaction is measured. 100 cm
3

 of distilled water is then added to a second 100 cm
3 

portion of the 

acid, and the experiment repeated under the same conditions. 

 

Why does the addition of water decrease the rate of the reaction? 

1 Adding water reduces the frequency of collisions between reactant molecules. 

2 Adding water reduces the proportion of effective collisions between reactant molecules. 

3 Adding water reduces the proportion of reactant molecules possessing the activation energy. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this behaviour? 

1 The gas behaves non-ideally. 

2 The gas partially liquefies. 

3 Gas is adsorbed on to the vessel walls. 

 

 

33 Which equations apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2 pV = MRT 3 pV = 

M

cRT
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Solid calcium carbonate is added to 100 cm
3

 of dilute hydrochloric acid and the rate of the 

reaction is measured. 100 cm
3

 of distilled water is then added to a second 100 cm
3 

portion of the 

acid, and the experiment repeated under the same conditions. 

 

Why does the addition of water decrease the rate of the reaction? 

1 Adding water reduces the frequency of collisions between reactant molecules. 

2 Adding water reduces the proportion of effective collisions between reactant molecules. 

3 Adding water reduces the proportion of reactant molecules possessing the activation energy. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this behaviour? 

1 The gas behaves non-ideally. 

2 The gas partially liquefies. 

3 Gas is adsorbed on to the vessel walls. 

 

 

33 Which equations apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2 pV = MRT 3 pV = 

M

cRT
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15  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium
bromide

graphite anode

 

 

 Why is an atmosphere of argon used around the cathode? 

A The argon keeps the strontium molten. 

B The argon stops the molten strontium rising too high in the tube. 

C A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

 formed metal. 

D Without the argon strontium oxide would form in the air. 

 

 

16  A weedkiller can be prepared by heating a bleach solution. 

 

3NaCl O
heat

bleach weedkiller

NaCl O 3+2NaCl

 

 

What are the oxidation states of chlorine in these three compounds? 

A –1 –1 +5 

B +1 –1 +5 

C +1 –1 +7 

D +2 +1 +7 

 

 

For the following questions, the responses A to D should be selected on the basis of

12  
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

32  Use of the Data Booklet is relevant to this question. 

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 

 

 

33 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 
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The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

34 The equilibrium constant Kp for the reaction 

X(g)  +  Y(g)         Z(g)

varies with temperature as shown in the diagram below.

Which conclusions can be drawn from this information?

1 The reaction is exothermic in the forward direction.

2 The equilibrium mixture contains a greater proportion of Z at higher pressures.

3 The equilibrium mixture contains a greater proportion of Z at higher temperatures.

35 When decomposing in water, organic refuse is oxidised to form carboxylic acids.  The water
becomes acidic and aquatic life is destroyed.

Which additives are suitable to remove this acid pollution?

1 calcium carbonate

2 calcium hydroxide

3 potassium nitrate

36 Which properties would be expected for the Group II element, strontium, or its compounds?

1 When heated in oxygen, strontium does not burn.

2 On being heated, strontium carbonate decomposes to give strontium oxide.

3 When strontium oxide is added to water, the solution is alkaline.

Kp

T

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 Which compounds have the empirical formula CH2O? 

1 methanal

2 ethanoic acid

3 methyl methanoate

32 Which of the following are features of the structure of metallic copper?

1 ionic bonds

2 delocalised electrons

3 lattice of ions

33 Which statements about the commercial extraction of aluminium are correct?

1 The cathode reaction is Al3+ + 3e– → Al.

2 The lining of the electrolytic cell acts as the cathode.

3 The electrolyte is purified Al2O3 in Na3AlF6.

34 Which of the following magnesium compounds lose mass when heated by a bunsen flame?

1 magnesium carbonate

2 magnesium nitrate

3 magnesium oxide

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 On a scale in which the mass of a 
12

C atom is 12 the relative molecular mass of a particular 

sample of chlorine is 72. 

 

Which properties of the atoms in this sample are always the same? 

1 radius 

2 nucleon number 

3 isotopic mass 

 

 

32 An ideal gas obeys the gas laws under all conditions of temperature and pressure. 

 

Which of the following are true for an ideal gas? 

1 The molecules have negligible volume. 

2 There are no forces of attraction between molecules. 

3 The molecules have an average kinetic energy which is proportional to its absolute 

temperature. 

 

 

33 For which reactions does the value of ∆H
o

 represent both a standard enthalpy change of 

combustion and a standard enthalpy change of formation? 

1 C(s) + O2(g) → CO2(g) 

2 2C(s) + O2(g) → 2CO(g) 

3 CO(g) + 
2

1

O2(g) → CO2(g) 

 

 

2
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 What are assumptions of the kinetic theory of gases and hence of the ideal gas equation,          

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

32 Carbon monoxide burns readily in oxygen to form carbon dioxide. 

 

What can be deduced from this information? 

1 The +4 oxidation state of carbon is more stable than the +2 state. 

2 The standard enthalpy change of formation of carbon dioxide is more negative than that of 

carbon monoxide. 

3 The value of the equilibrium constant for the reaction, 2CO(g) + O2(g)  2CO2(g), is likely to 

be high. 

 

 

3
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Solid calcium carbonate is added to 100 cm
3

 of dilute hydrochloric acid and the rate of the 

reaction is measured. 100 cm
3

 of distilled water is then added to a second 100 cm
3 

portion of the 

acid, and the experiment repeated under the same conditions. 

 

Why does the addition of water decrease the rate of the reaction? 

1 Adding water reduces the frequency of collisions between reactant molecules. 

2 Adding water reduces the proportion of effective collisions between reactant molecules. 

3 Adding water reduces the proportion of reactant molecules possessing the activation energy. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this behaviour? 

1 The gas behaves non-ideally. 

2 The gas partially liquefies. 

3 Gas is adsorbed on to the vessel walls. 

 

 

33 Which equations apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2 pV = MRT 3 pV = 

M

cRT
 

 

 

4
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Solid calcium carbonate is added to 100 cm
3

 of dilute hydrochloric acid and the rate of the 

reaction is measured. 100 cm
3

 of distilled water is then added to a second 100 cm
3 

portion of the 

acid, and the experiment repeated under the same conditions. 

 

Why does the addition of water decrease the rate of the reaction? 

1 Adding water reduces the frequency of collisions between reactant molecules. 

2 Adding water reduces the proportion of effective collisions between reactant molecules. 

3 Adding water reduces the proportion of reactant molecules possessing the activation energy. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this behaviour? 

1 The gas behaves non-ideally. 

2 The gas partially liquefies. 

3 Gas is adsorbed on to the vessel walls. 

 

 

33 Which equations apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2 pV = MRT 3 pV = 

M

cRT
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15  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium
bromide

graphite anode

 

 

 Why is an atmosphere of argon used around the cathode? 

A The argon keeps the strontium molten. 

B The argon stops the molten strontium rising too high in the tube. 

C A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

 formed metal. 

D Without the argon strontium oxide would form in the air. 

 

 

16  A weedkiller can be prepared by heating a bleach solution. 

 

3NaCl O
heat

bleach weedkiller

NaCl O 3+2NaCl

 

 

What are the oxidation states of chlorine in these three compounds? 

A –1 –1 +5 

B +1 –1 +5 

C +1 –1 +7 

D +2 +1 +7 

 

 

For the following questions, the responses A to D should be selected on the basis of
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

32  Use of the Data Booklet is relevant to this question. 

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 

 

 

33 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 

 

 

33

12

9701/1/M/J/02

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

34 The equilibrium constant Kp for the reaction 

X(g)  +  Y(g)         Z(g)

varies with temperature as shown in the diagram below.

Which conclusions can be drawn from this information?

1 The reaction is exothermic in the forward direction.

2 The equilibrium mixture contains a greater proportion of Z at higher pressures.

3 The equilibrium mixture contains a greater proportion of Z at higher temperatures.

35 When decomposing in water, organic refuse is oxidised to form carboxylic acids.  The water
becomes acidic and aquatic life is destroyed.

Which additives are suitable to remove this acid pollution?

1 calcium carbonate

2 calcium hydroxide

3 potassium nitrate

36 Which properties would be expected for the Group II element, strontium, or its compounds?

1 When heated in oxygen, strontium does not burn.

2 On being heated, strontium carbonate decomposes to give strontium oxide.

3 When strontium oxide is added to water, the solution is alkaline.

Kp

T

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

34

12
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 Which compounds have the empirical formula CH2O? 

1 methanal

2 ethanoic acid

3 methyl methanoate

32 Which of the following are features of the structure of metallic copper?

1 ionic bonds

2 delocalised electrons

3 lattice of ions

33 Which statements about the commercial extraction of aluminium are correct?

1 The cathode reaction is Al3+ + 3e– → Al.

2 The lining of the electrolytic cell acts as the cathode.

3 The electrolyte is purified Al2O3 in Na3AlF6.

34 Which of the following magnesium compounds lose mass when heated by a bunsen flame?

1 magnesium carbonate

2 magnesium nitrate

3 magnesium oxide

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 On a scale in which the mass of a 
12

C atom is 12 the relative molecular mass of a particular 

sample of chlorine is 72. 

 

Which properties of the atoms in this sample are always the same? 

1 radius 

2 nucleon number 

3 isotopic mass 

 

 

32 An ideal gas obeys the gas laws under all conditions of temperature and pressure. 

 

Which of the following are true for an ideal gas? 

1 The molecules have negligible volume. 

2 There are no forces of attraction between molecules. 

3 The molecules have an average kinetic energy which is proportional to its absolute 

temperature. 

 

 

33 For which reactions does the value of ∆H
o

 represent both a standard enthalpy change of 

combustion and a standard enthalpy change of formation? 

1 C(s) + O2(g) → CO2(g) 

2 2C(s) + O2(g) → 2CO(g) 

3 CO(g) + 
2

1

O2(g) → CO2(g) 

 

 

2
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 What are assumptions of the kinetic theory of gases and hence of the ideal gas equation,          

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

32 Carbon monoxide burns readily in oxygen to form carbon dioxide. 

 

What can be deduced from this information? 

1 The +4 oxidation state of carbon is more stable than the +2 state. 

2 The standard enthalpy change of formation of carbon dioxide is more negative than that of 

carbon monoxide. 

3 The value of the equilibrium constant for the reaction, 2CO(g) + O2(g)  2CO2(g), is likely to 

be high. 

 

 

3
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Solid calcium carbonate is added to 100 cm
3

 of dilute hydrochloric acid and the rate of the 

reaction is measured. 100 cm
3

 of distilled water is then added to a second 100 cm
3 

portion of the 

acid, and the experiment repeated under the same conditions. 

 

Why does the addition of water decrease the rate of the reaction? 

1 Adding water reduces the frequency of collisions between reactant molecules. 

2 Adding water reduces the proportion of effective collisions between reactant molecules. 

3 Adding water reduces the proportion of reactant molecules possessing the activation energy. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this behaviour? 

1 The gas behaves non-ideally. 

2 The gas partially liquefies. 

3 Gas is adsorbed on to the vessel walls. 

 

 

33 Which equations apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2 pV = MRT 3 pV = 

M

cRT
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Solid calcium carbonate is added to 100 cm
3

 of dilute hydrochloric acid and the rate of the 

reaction is measured. 100 cm
3

 of distilled water is then added to a second 100 cm
3 

portion of the 

acid, and the experiment repeated under the same conditions. 

 

Why does the addition of water decrease the rate of the reaction? 

1 Adding water reduces the frequency of collisions between reactant molecules. 

2 Adding water reduces the proportion of effective collisions between reactant molecules. 

3 Adding water reduces the proportion of reactant molecules possessing the activation energy. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this behaviour? 

1 The gas behaves non-ideally. 

2 The gas partially liquefies. 

3 Gas is adsorbed on to the vessel walls. 

 

 

33 Which equations apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2 pV = MRT 3 pV = 

M

cRT
 

 

 

PAGE 272

CEDAR COLLEGE                                                                                                      GAS LAWS WS 2

�

13 

© UCLES 2017 9701/13/M/J/17 [Turn over 

Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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15  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium
bromide

graphite anode

 

 

 Why is an atmosphere of argon used around the cathode? 

A The argon keeps the strontium molten. 

B The argon stops the molten strontium rising too high in the tube. 

C A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

 formed metal. 

D Without the argon strontium oxide would form in the air. 

 

 

16  A weedkiller can be prepared by heating a bleach solution. 

 

3NaCl O
heat

bleach weedkiller

NaCl O 3+2NaCl

 

 

What are the oxidation states of chlorine in these three compounds? 

A –1 –1 +5 

B +1 –1 +5 

C +1 –1 +7 

D +2 +1 +7 

 

 

For the following questions, the responses A to D should be selected on the basis of

12  
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

32  Use of the Data Booklet is relevant to this question. 

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 

 

 

33 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 
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The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

34 The equilibrium constant Kp for the reaction 

X(g)  +  Y(g)         Z(g)

varies with temperature as shown in the diagram below.

Which conclusions can be drawn from this information?

1 The reaction is exothermic in the forward direction.

2 The equilibrium mixture contains a greater proportion of Z at higher pressures.

3 The equilibrium mixture contains a greater proportion of Z at higher temperatures.

35 When decomposing in water, organic refuse is oxidised to form carboxylic acids.  The water
becomes acidic and aquatic life is destroyed.

Which additives are suitable to remove this acid pollution?

1 calcium carbonate

2 calcium hydroxide

3 potassium nitrate

36 Which properties would be expected for the Group II element, strontium, or its compounds?

1 When heated in oxygen, strontium does not burn.

2 On being heated, strontium carbonate decomposes to give strontium oxide.

3 When strontium oxide is added to water, the solution is alkaline.

Kp

T

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

34
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 Which compounds have the empirical formula CH2O? 

1 methanal

2 ethanoic acid

3 methyl methanoate

32 Which of the following are features of the structure of metallic copper?

1 ionic bonds

2 delocalised electrons

3 lattice of ions

33 Which statements about the commercial extraction of aluminium are correct?

1 The cathode reaction is Al3+ + 3e– → Al.

2 The lining of the electrolytic cell acts as the cathode.

3 The electrolyte is purified Al2O3 in Na3AlF6.

34 Which of the following magnesium compounds lose mass when heated by a bunsen flame?

1 magnesium carbonate

2 magnesium nitrate

3 magnesium oxide

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 On a scale in which the mass of a 
12

C atom is 12 the relative molecular mass of a particular 

sample of chlorine is 72. 

 

Which properties of the atoms in this sample are always the same? 

1 radius 

2 nucleon number 

3 isotopic mass 

 

 

32 An ideal gas obeys the gas laws under all conditions of temperature and pressure. 

 

Which of the following are true for an ideal gas? 

1 The molecules have negligible volume. 

2 There are no forces of attraction between molecules. 

3 The molecules have an average kinetic energy which is proportional to its absolute 

temperature. 

 

 

33 For which reactions does the value of ∆H
o

 represent both a standard enthalpy change of 

combustion and a standard enthalpy change of formation? 

1 C(s) + O2(g) → CO2(g) 

2 2C(s) + O2(g) → 2CO(g) 

3 CO(g) + 
2

1

O2(g) → CO2(g) 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 What are assumptions of the kinetic theory of gases and hence of the ideal gas equation,          

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

32 Carbon monoxide burns readily in oxygen to form carbon dioxide. 

 

What can be deduced from this information? 

1 The +4 oxidation state of carbon is more stable than the +2 state. 

2 The standard enthalpy change of formation of carbon dioxide is more negative than that of 

carbon monoxide. 

3 The value of the equilibrium constant for the reaction, 2CO(g) + O2(g)  2CO2(g), is likely to 

be high. 

 

 

3
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Solid calcium carbonate is added to 100 cm
3

 of dilute hydrochloric acid and the rate of the 

reaction is measured. 100 cm
3

 of distilled water is then added to a second 100 cm
3 

portion of the 

acid, and the experiment repeated under the same conditions. 

 

Why does the addition of water decrease the rate of the reaction? 

1 Adding water reduces the frequency of collisions between reactant molecules. 

2 Adding water reduces the proportion of effective collisions between reactant molecules. 

3 Adding water reduces the proportion of reactant molecules possessing the activation energy. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this behaviour? 

1 The gas behaves non-ideally. 

2 The gas partially liquefies. 

3 Gas is adsorbed on to the vessel walls. 

 

 

33 Which equations apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2 pV = MRT 3 pV = 

M

cRT
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Solid calcium carbonate is added to 100 cm
3

 of dilute hydrochloric acid and the rate of the 

reaction is measured. 100 cm
3

 of distilled water is then added to a second 100 cm
3 

portion of the 

acid, and the experiment repeated under the same conditions. 

 

Why does the addition of water decrease the rate of the reaction? 

1 Adding water reduces the frequency of collisions between reactant molecules. 

2 Adding water reduces the proportion of effective collisions between reactant molecules. 

3 Adding water reduces the proportion of reactant molecules possessing the activation energy. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this behaviour? 

1 The gas behaves non-ideally. 

2 The gas partially liquefies. 

3 Gas is adsorbed on to the vessel walls. 

 

 

33 Which equations apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2 pV = MRT 3 pV = 

M

cRT
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 X is a particle with 18 electrons and 20 neutrons. 

 

What could be the symbol of X? 

1 Ar
38

18
 

2 
+240

20
Ca  

3 
+

K
39

19
 

 

 

32 What are basic assumptions of the kinetic theory as applied to an ideal gas? 

1 Gas particles are in continuous random motion. 

2 Gas particles experience no intermolecular forces. 

3 The volume of each gas particle is zero. 

 

 

33 Bromine reacts with water. 

 

Br2  +  H2O    HOBr  +  HBr 

 

Which oxidation states of bromine are present in the equilibrium mixture? 

1 +3 

2 0 

3 –1 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The relative molecular mass, M
r
, of a particular sample of chlorine is 72.0. 

 

Which properties of the atoms in this sample will be the same for all of the atoms? 

1 radius 

2  nucleon number 

3 isotopic mass 

 

 

32  Which of the following influence the size of the ionisation energy of an atom? 

1 the amount of shielding by the inner electrons 

2  the charge on the nucleus 

3 the distance between the outer electrons and the nucleus 

 

 

33 Which equations can apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2  pV = 

M

cRT
 3 pV = MRT 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Nitrogen and phosphorus are both in Group 15 of the Periodic Table. Phosphorus forms a 

chloride with the formula PCl 5 but nitrogen does not form NCl 5. 
 

Which statements help to explain this? 

1 Nitrogen’s outer shell cannot contain more than eight electrons. 

2 Nitrogen cannot have an oxidation state of +5. 

3 Nitrogen is less electronegative than phosphorus. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this result? 

1 The gas does not behave ideally. 

2 The gas partially liquefies. 

3 Some of the gas is lost from the container. 

 

 

33 Which of these statements are always correct? 

1 The sum of the oxidation numbers of all the atoms in a compound is zero. 

2 The oxidation number of sodium in a salt is positive. 

3 The oxidation number of chlorine in a compound is negative. 

 

 

�

8
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of water 

 

 

9

4  
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6 In which reaction is the species in bold acting as an oxidising agent? 

A 2Ca  +  O2  →  2CaO 

B Cr2O7

2–

  +  8H
+

  +  3SO
3

2–

  →  2Cr
3+

  +  4H2O  +  3SO4

2–

 

C Mg  +  Fe
2+

  →  Mg
2+

  +  Fe 

D SO
2
  +  2H2O  +  2Cu

2+

  +  2Cl –  →  H2SO4  +  2H
+

  +  2CuCl 

 

 

7  The formation of hydrogen and ethyne, C2H2, from methane reaches dynamic equilibrium. 

 

2CH4(g)    3H2(g)  +  C2H2(g) 

 

What are the units of Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
3 dm

–9

 D mol
4 dm

–12

 

 

 

8  Which equation represents the standard enthalpy change of formation of ethanol, C2H5OH? 

A 2C(g)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

B 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(g) 

D 2C(g)  +  6H(g)  +  O(g)  →  C2H5OH(l) 

 

 

9 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 12.0 dm
3

 of oxygen, measured under room conditions, is used to burn 

completely 0.10 mol of propan-1-ol. 

 

What is the final volume of gas, measured under room conditions? 

A 7.20 dm
3

 B 8.40 dm
3

 C 16.8 dm
3

 D 18.00 dm
3

 

 

 10
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 A student borrowed a friend’s chemistry notes and copied out the notes in the box below. 

 

Which statements are correct? 

 

A gas behaves less like an ideal gas when the gas 

1 is at low pressure. 

2  is at low temperature. 

3 can be easily liquefied. 

 

 

35  On being heated, hydrogen iodide breaks down more quickly than hydrogen chloride. 

 

Which statements explain this faster rate? 

1 The HI bond is weaker than the HCl bond. 

2  The reaction of the breakdown of HI has a smaller activation energy than that of HCl. 

3 The breakdown of HI is more exothermic than that of HCl. 

 

 

36  Which statements about calcium oxide are correct? 

1 It reacts with cold water. 

2  It is produced when calcium nitrate is heated. 

3 It can be reduced by heating with magnesium. 

 

 

37  Propanal will react with hydrogen cyanide to form 2-hydroxybutanenitrile. A suitable catalyst for 

this reaction is sodium cyanide. 

 

 NaCN 

CH3CH2CHO  +  HCN      CH3CH2CH(OH)CN 

 

Which statements about the reaction of propanal with hydrogen cyanide are correct? 

1 The CN
–

 ion attacks the propanal molecule to form an intermediate ion. 

2  The product of the reaction has a chiral carbon atom. 

3 The CN
–

 ion is a stronger electrophile than the HCN molecule. 
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33 In this question, all gases can be assumed to behave ideally. 

 

A chemist heats a mixture of nitrogen and oxygen gases in a sealed container at a constant 

temperature until the mixture reaches a dynamic equilibrium containing N2(g), O2(g) and NO(g). 

 

N2(g)  +  O2(g)    2NO(g) 

 

The chemist repeats the experiment at the same temperature using the same initial amounts of 

N2(g) and O2(g), but at a much higher pressure. 

 

Which statements about the second experiment at higher pressure are correct? 

1 At higher pressure, there are more particles per unit volume. 

2 The composition of the equilibrium mixture does not change. 

3 There are more collisions per second so equilibrium is reached faster. 

 

 

34 An ethanol burner can be used to heat water. If appropriate measurements are taken, a value for 

the enthalpy of combustion of ethanol can be calculated. The equation 

 

heat transferred = –mc∆T 

 

is used as part of the calculation. 

 

Which symbols are correctly described? 

1 ∆T is the change in temperature of the water. 

2 m is the mass of water used in the experiment. 

3 c is the specific heat capacity of ethanol. 
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1 (a) State two assumptions of ideal gas behaviour.

(i) ...................................................................................................................................

...................................................................................................................................

(ii) ...................................................................................................................................

...............................................................................................................................[2]

Use of the Data Booklet is relevant in (b) and (c).

(b) The ideal gas equation is pV = nRT. Explain as fully as you can the meaning of the
following terms, and give the units for each to correspond with the value of R given in
the Data Booklet.

(i) p ................................................................................................................................

...................................................................................................................................

(ii) V ...............................................................................................................................

...................................................................................................................................

(iii) T ................................................................................................................................

...............................................................................................................................[6]

(c) (i) When an evacuated glass bulb of volume 63.8 cm3 is filled with a gas at 24 °C and
99.5 kPa, the mass increases by 0.103 g. Deduce whether the gas is ammonia,
nitrogen or argon.

(ii) Explain why ammonia is the most likely of these three gases to deviate from ideal
gas behaviour.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[5]

[Total : 13]
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1 (a) State two assumptions of ideal gas behaviour.

(i) ...................................................................................................................................

...................................................................................................................................

(ii) ...................................................................................................................................

...............................................................................................................................[2]

Use of the Data Booklet is relevant in (b) and (c).

(b) The ideal gas equation is pV = nRT. Explain as fully as you can the meaning of the
following terms, and give the units for each to correspond with the value of R given in
the Data Booklet.

(i) p ................................................................................................................................

...................................................................................................................................

(ii) V ...............................................................................................................................

...................................................................................................................................

(iii) T ................................................................................................................................

...............................................................................................................................[6]

(c) (i) When an evacuated glass bulb of volume 63.8 cm3 is filled with a gas at 24 °C and
99.5 kPa, the mass increases by 0.103 g. Deduce whether the gas is ammonia,
nitrogen or argon.

(ii) Explain why ammonia is the most likely of these three gases to deviate from ideal
gas behaviour.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[5]
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1 (a) State two assumptions of ideal gas behaviour.

(i) ...................................................................................................................................

...................................................................................................................................

(ii) ...................................................................................................................................

...............................................................................................................................[2]

Use of the Data Booklet is relevant in (b) and (c).

(b) The ideal gas equation is pV = nRT. Explain as fully as you can the meaning of the
following terms, and give the units for each to correspond with the value of R given in
the Data Booklet.

(i) p ................................................................................................................................

...................................................................................................................................

(ii) V ...............................................................................................................................

...................................................................................................................................

(iii) T ................................................................................................................................

...............................................................................................................................[6]

(c) (i) When an evacuated glass bulb of volume 63.8 cm3 is filled with a gas at 24 °C and
99.5 kPa, the mass increases by 0.103 g. Deduce whether the gas is ammonia,
nitrogen or argon.

(ii) Explain why ammonia is the most likely of these three gases to deviate from ideal
gas behaviour.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[5]

[Total : 13]
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1 (a) State two assumptions of ideal gas behaviour.

(i) ...................................................................................................................................

...................................................................................................................................

(ii) ...................................................................................................................................

...............................................................................................................................[2]

Use of the Data Booklet is relevant in (b) and (c).

(b) The ideal gas equation is pV = nRT. Explain as fully as you can the meaning of the
following terms, and give the units for each to correspond with the value of R given in
the Data Booklet.

(i) p ................................................................................................................................

...................................................................................................................................

(ii) V ...............................................................................................................................

...................................................................................................................................

(iii) T ................................................................................................................................

...............................................................................................................................[6]

(c) (i) When an evacuated glass bulb of volume 63.8 cm3 is filled with a gas at 24 °C and
99.5 kPa, the mass increases by 0.103 g. Deduce whether the gas is ammonia,
nitrogen or argon.

(ii) Explain why ammonia is the most likely of these three gases to deviate from ideal
gas behaviour.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[5]

[Total : 13]
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2 This question is about the physical chemistry of gases, with particular emphasis on the inert
gas argon. Argon exists in the atmosphere as single atoms.

(a) State two of the assumptions of the kinetic theory as applied to an inert gas.

(i) ...................................................................................................................................

...................................................................................................................................

(ii) .....................................................................................................................................

......................................................................................................................................
[2]

(b) How many atoms of argon are present in one mole of the gas?

......................................................................................................................................[1]

(c) You are to calculate the percentage of the volume occupied by the atoms themselves in
one mole of argon at room temperature and pressure.

(i) Use the Data Booklet to calculate the volume of one atom of argon.
[volume = !₃πr 3 π = 3.14]

(ii) Use your answer to (c)(i) to calculate the volume of one mole of argon atoms.

(iii) State the volume occupied by one mole of argon (assume it to behave as an ideal
gas) at room temperature and pressure.

...................................................................................................................................

(iv) What percentage of this volume is occupied by the atoms themselves?

(v) Explain how your answer to (c)(iv) justifies one of your assumptions in (a).

...................................................................................................................................

...................................................................................................................................
[5]
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2 This question is about the physical chemistry of gases, with particular emphasis on the inert
gas argon. Argon exists in the atmosphere as single atoms.

(a) State two of the assumptions of the kinetic theory as applied to an inert gas.

(i) ...................................................................................................................................

...................................................................................................................................

(ii) .....................................................................................................................................

......................................................................................................................................
[2]

(b) How many atoms of argon are present in one mole of the gas?

......................................................................................................................................[1]

(c) You are to calculate the percentage of the volume occupied by the atoms themselves in
one mole of argon at room temperature and pressure.

(i) Use the Data Booklet to calculate the volume of one atom of argon.
[volume = !₃πr 3 π = 3.14]

(ii) Use your answer to (c)(i) to calculate the volume of one mole of argon atoms.

(iii) State the volume occupied by one mole of argon (assume it to behave as an ideal
gas) at room temperature and pressure.

...................................................................................................................................

(iv) What percentage of this volume is occupied by the atoms themselves?

(v) Explain how your answer to (c)(iv) justifies one of your assumptions in (a).

...................................................................................................................................

...................................................................................................................................
[5]
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(d) Argon is used to fill electric light bulbs. These have a fine filament of a metal wire,
usually tungsten, which glows white hot from its electrical resistance to the current.

Suggest why argon, rather than air, is used to fill electric light bulbs.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]

[Total : 10]

3 In the Haber Process, ammonia is synthesised from its elements.

(a) Write an equation for the Haber process and state whether it is endo- or exo-thermic.

......................................................................................................................................[2]

(b) What are the three usual operating conditions of the Haber Process?

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]

(c) Explain the considerations which lead to the temperature you have stated in (b) being
used.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]
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Answer all the questions in the spaces provided.

1 Some intercontinental jet airliners use kerosene as fuel. The formula of kerosene may be 
taken as C14H30.

 (a) To which homologous series of compounds does kerosene belong?

  .......................................................... [1]

 (b) When kerosene burns in an excess of air, carbon dioxide and water form.
  Balance the following equation for the complete combustion of kerosene.

 ......C14H30(l)  +  ......O2(g)    ......CO2(g)  +  ......H2O(g) [1]

 (c) In this section, give your answers to one decimal place.

  The flight path from Beijing to Paris is approximately 8195 km.
  A typical intercontinental jet airliner burns 10.8 kg of kerosene for each kilometre 

covered.

  (i) Calculate the mass, in tonnes, of C14H30 burnt on a flight from Beijing to Paris. 
   [1 tonne = 1 000 kg]

  (ii)  Use your equation in (b) to calculate the mass, in tonnes, of CO2 produced during 
this flight.

 [4]

2
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(d) Argon is used to fill electric light bulbs. These have a fine filament of a metal wire,
usually tungsten, which glows white hot from its electrical resistance to the current.

Suggest why argon, rather than air, is used to fill electric light bulbs.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]

[Total : 10]

3 In the Haber Process, ammonia is synthesised from its elements.

(a) Write an equation for the Haber process and state whether it is endo- or exo-thermic.

......................................................................................................................................[2]

(b) What are the three usual operating conditions of the Haber Process?

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]

(c) Explain the considerations which lead to the temperature you have stated in (b) being
used.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]
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Answer all the questions in the spaces provided.

1 Some intercontinental jet airliners use kerosene as fuel. The formula of kerosene may be 
taken as C14H30.

 (a) To which homologous series of compounds does kerosene belong?

  .......................................................... [1]

 (b) When kerosene burns in an excess of air, carbon dioxide and water form.
  Balance the following equation for the complete combustion of kerosene.

 ......C14H30(l)  +  ......O2(g)    ......CO2(g)  +  ......H2O(g) [1]

 (c) In this section, give your answers to one decimal place.

  The flight path from Beijing to Paris is approximately 8195 km.
  A typical intercontinental jet airliner burns 10.8 kg of kerosene for each kilometre 

covered.

  (i) Calculate the mass, in tonnes, of C14H30 burnt on a flight from Beijing to Paris. 
   [1 tonne = 1 000 kg]

  (ii)  Use your equation in (b) to calculate the mass, in tonnes, of CO2 produced during 
this flight.

 [4]

2
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 Bicycles may be carried on commercial airliners. When carried on airliners, bicycles are 
placed in the luggage hold. This is a part of the aircraft which, in flight, will have different 
temperatures and air pressures from those at sea level.

 This question concerns the change in pressure in an inflated bicycle tyre from when it is at 
sea level to when it is in the hold of an airliner in flight.

 (d) At sea level and a temperature of 20 °C an inflated bicycle tyre contains 710 cm3 of air at 
an internal pressure of 6 × 105 Pa.

  Use the general gas equation PV = nRT to calculate the amount, in moles, of air in the 
tyre at sea level.

 [2]

 The same bicycle, with its tyres inflated at sea level as described in (d) above, is placed in 
the luggage hold of an airliner. At a height of 10 000 m, the temperature in the luggage hold 
is 5 °C and the air pressure is 2.8 × 104 Pa.

 (e) Assuming the volume of the tyre does not change, use your answer to (d) to calculate 
the pressure inside the tyre at a height of 10 000 m.

 [2]

[Total: 10]
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 Bicycles may be carried on commercial airliners. When carried on airliners, bicycles are 
placed in the luggage hold. This is a part of the aircraft which, in flight, will have different 
temperatures and air pressures from those at sea level.

 This question concerns the change in pressure in an inflated bicycle tyre from when it is at 
sea level to when it is in the hold of an airliner in flight.

 (d) At sea level and a temperature of 20 °C an inflated bicycle tyre contains 710 cm3 of air at 
an internal pressure of 6 × 105 Pa.

  Use the general gas equation PV = nRT to calculate the amount, in moles, of air in the 
tyre at sea level.

 [2]

 The same bicycle, with its tyres inflated at sea level as described in (d) above, is placed in 
the luggage hold of an airliner. At a height of 10 000 m, the temperature in the luggage hold 
is 5 °C and the air pressure is 2.8 × 104 Pa.

 (e) Assuming the volume of the tyre does not change, use your answer to (d) to calculate 
the pressure inside the tyre at a height of 10 000 m.

 [2]

[Total: 10]
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2 The kinetic theory of gases is used to explain the large scale (macroscopic) properties of 
gases by considering how individual molecules behave.

 (a) State two basic assumptions of the kinetic theory as applied to an ideal gas.

  (i)   ..................................................................................................................................

     ..................................................................................................................................

  (ii)   ..................................................................................................................................

     ..................................................................................................................................
[2]

 (b) State two conditions under which the behaviour of a real gas approaches that of an 
ideal gas.

  (i)   ..................................................................................................................................

  (ii)   ..................................................................................................................................
[2]

 (c) Place the following gases in decreasing order of ideal behaviour.

 ammonia, neon, nitrogen

most ideal  ..................................................................................................... least ideal

  Explain your answer.

 ..........................................................................................................................................

 ..........................................................................................................................................
[3]

 (d) By using the kinetic-molecular model, explain why a liquid eventually becomes a gas as 
the temperature is increased.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ...................................................................................................................................... [2]
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 (e) Ethane, CH3CH3, and fluoromethane, CH3F are iso -electronic, that is they have the 
same total number of electrons in their molecules.

  Calculate the total number of electrons in one molecule of CH3F. 

[1]

 (f) The boiling points of these two compounds are given below.

compound bp / K

CH3CH3 184.5

CH3F 194.7

  Suggest explanations for the following.

  (i) the close similarity of the boiling points of the two compounds

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) the slightly higher boiling point of CH3F

 ..................................................................................................................................

 ..................................................................................................................................
[2]

[Total: 12]
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 (b)  Use your answers to (a) to calculate the empirical formula of A.

[1]

 (c) When a 0.148 g sample of A was vapourised at 60oC, the vapour occupied a volume of 
67.7 cm3 at a pressure of 101 kPa.

  (i) Use the general gas equation pV = nRT to calculate Mr of A.

Mr =......................

  (ii) Hence calculate the molecular formula of A. 

[3]

 (d) Compound A is a liquid which does not react with 2,4-dinitrophenylhydrazine reagent or 
with aqueous bromine.

  Suggest two structural formulae for A.

[2]

 (e) Compound A contains only carbon, hydrogen and oxygen.

  Explain how the information on the opposite page about the reaction of A with CuO 
confirms this statement.

 ..........................................................................................................................................

 ...................................................................................................................................    [1]

[Total: 13]
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 (b)  Use your answers to (a) to calculate the empirical formula of A.

[1]

 (c) When a 0.148 g sample of A was vapourised at 60oC, the vapour occupied a volume of 
67.7 cm3 at a pressure of 101 kPa.

  (i) Use the general gas equation pV = nRT to calculate Mr of A.

Mr =......................

  (ii) Hence calculate the molecular formula of A. 

[3]

 (d) Compound A is a liquid which does not react with 2,4-dinitrophenylhydrazine reagent or 
with aqueous bromine.

  Suggest two structural formulae for A.

[2]

 (e) Compound A contains only carbon, hydrogen and oxygen.

  Explain how the information on the opposite page about the reaction of A with CuO 
confirms this statement.

 ..........................................................................................................................................

 ...................................................................................................................................    [1]

[Total: 13]

PAGE 260

CEDAR COLLEGE                                                                                                       GAS LAWS WS 1

�

5

[Turn over9701/23/M/J/11© UCLES 2011

For
Examiner’s

Use

 (e) Ethane, CH3CH3, and fluoromethane, CH3F are iso -electronic, that is they have the 
same total number of electrons in their molecules.
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 ..................................................................................................................................
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 (c) When a 0.148 g sample of A was vapourised at 60oC, the vapour occupied a volume of 
67.7 cm3 at a pressure of 101 kPa.

  (i) Use the general gas equation pV = nRT to calculate Mr of A.
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  (ii) Hence calculate the molecular formula of A. 
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 (d) Compound A is a liquid which does not react with 2,4-dinitrophenylhydrazine reagent or 
with aqueous bromine.

  Suggest two structural formulae for A.
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  Explain how the information on the opposite page about the reaction of A with CuO 
confirms this statement.
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 (b)  Use your answers to (a) to calculate the empirical formula of A.

[1]

 (c) When a 0.148 g sample of A was vapourised at 60oC, the vapour occupied a volume of 
67.7 cm3 at a pressure of 101 kPa.

  (i) Use the general gas equation pV = nRT to calculate Mr of A.

Mr =......................

  (ii) Hence calculate the molecular formula of A. 

[3]

 (d) Compound A is a liquid which does not react with 2,4-dinitrophenylhydrazine reagent or 
with aqueous bromine.

  Suggest two structural formulae for A.

[2]

 (e) Compound A contains only carbon, hydrogen and oxygen.

  Explain how the information on the opposite page about the reaction of A with CuO 
confirms this statement.
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4 An organic compound, E, has the following composition by mass: 
 C, 48.7%; H, 8.1%; O, 43.2%.

 (a) Calculate the empirical formula of E.

 [2]

 (b) When vaporised in a suitable apparatus, 0.130 g of E occupied a volume of 58.0 cm3 at 
127 °C and 1.00 × 105 N m–2.

  (i) Use the expression pV = mRT
Mr

 to calculate Mr of E, 

   where m is the mass of E.

  (ii) Hence calculate the molecular formula of E.

 [4]

 (c) Compound F, is an ester with the molecular formula C4H8O2.

  F is one of four isomers, S, T, U, and V, that are all esters.

  In the boxes below, the structural formula of S is given.

  Draw the structural formulae of the other three isomers of F that are esters.

HCO2CH(CH3)2

S T U V

 [3]
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2  The relationship pV = nRT can be derived from the laws of mechanics by assuming ideal behaviour 

for gases.

 (a)  The graph represents the relationship between pV and p for a real gas at three different 

temperatures, T
1
, T

2
 and T

3
.

pV

p

T1 T2

T3

 (i)  Draw one line on the graph to show what the relationship should be for the same amount 

of an ideal gas. [1]

 (ii)  State and explain, with reference to the graph, which of T
1
, T

2
 or T

3
 is the lowest temperature.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (iii)  Explain your answer to (ii) with reference to intermolecular forces.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (iv)  State and explain the effect of pressure on the extent to which a gas deviates from ideal 

behaviour.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]
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 (b)  A fl ask with a volume of 100 cm3 was fi rst weighed with air fi lling the fl ask, and then with 
another gas, Y, fi lling the fl ask. The results, measured at 26 °C and 1.00 × 105 Pa, are shown.

  Mass of fl ask containing air = 47.930 g

  Mass of fl ask containing Y = 47.989 g

  Density of air = 0.00118 g cm–3

  Calculate the relative molecular mass, Mr, of Y.

Mr of Y = ....................................  [4]

 (c)  Although nitrogen gas makes up about 79% of the atmosphere it does not easily form 
compounds.

 (i)  Explain why nitrogen is so unreactive.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (ii)  Explain why the conditions in a car engine lead to the production of oxides of nitrogen.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (iii)  Give an equation for a reaction involved in the removal of nitrogen monoxide, NO, from a 
car’s exhaust gases, in the catalytic converter.

  .......................................................................................................................................   [1]
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  One of the main reasons for reducing the amounts of oxides of nitrogen in the atmosphere is 
their contribution to the formation of acid rain.

 (iv)  Write an equation for the formation of nitric acid from nitrogen dioxide, NO2, in the 
atmosphere.

  .......................................................................................................................................   [1]

 (v)  Write equations showing the catalytic role of nitrogen monoxide, NO, in the oxidation of 
atmospheric sulfur dioxide, SO2.

  .............................................................................................................................................

  .......................................................................................................................................   [2]

[Total: 15]
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Equilibria

This topic illustrates that many chemical reactions are reversible and involve an 
equilibrium process. The consideration of the many factors that can affect an 
equilibrium is an important aspect of physical chemistry.

a explain, in terms of rates of the forward and reverse reactions, what is  
meant by a reversible reaction and dynamic equilibrium

b state Le Chatelier’s principle and apply it to deduce qualitatively (from appropriate 
information) the effects of changes in temperature, concentration or pressure on a 
system at equilibrium

c state whether changes in temperature, concentration or pressure or the presence of a 
catalyst affect the value of the equilibrium constant for a reaction

d deduce expressions for equilibrium constants in terms of concentrations, Kc , and 
partial pressures, Kp (treatment of the relationship between Kp and Kc is not required)

e calculate the values of equilibrium constants in terms of concentrations or partial 
pressures from appropriate data

f calculate the quantities present at equilibrium, given appropriate data (such 
calculations will not require the solving of quadratic equations)

g describe and explain the conditions used in the Haber process and the Contact 
process, as examples of the importance of an understanding of chemical equilibrium 
in the chemical industry
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7 Equilibria

This topic illustrates that many chemical reactions are reversible and involve an equilibrium process. 
The consideration of the many factors that can affect an equilibrium is an important aspect of physical 
chemistry. 

Learning outcomes 
Candidates should be able to: 

7.1 Chemical equilibria: 
reversible reactions; 
dynamic equilibrium

a) explain, in terms of rates of the forward and reverse reactions, what is 
meant by a reversible reaction and dynamic equilibrium

b) state Le Chatelier’s principle and apply it to deduce qualitatively 
(from appropriate information) the effects of changes in temperature, 
concentration or pressure on a system at equilibrium

c) state whether changes in temperature, concentration or pressure or the 
presence of a catalyst affect the value of the equilibrium constant for a 
reaction

d) deduce expressions for equilibrium constants in terms of concentrations, 
Kc , and partial pressures, Kp (treatment of the relationship between Kp 
and Kc is not required)

e) calculate the values of equilibrium constants in terms of concentrations 
or partial pressures from appropriate data

f) calculate the quantities present at equilibrium, given appropriate data 
(such calculations will not require the solving of quadratic equations)

g) describe and explain the conditions used in the Haber process and the 
Contact process, as examples of the importance of an understanding of 
chemical equilibrium in the chemical industry  

Syllabus content
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EQUILIBRIA

REVERSIBLE REACTIONS

In most reactions the reactants are completely converted to products i.e. the 

reaction proceeds in one direction only. Such reactions are referred to as 

irreversible reactions. 

There are some reactions, which can be reversed by altering the conditions of the 

reactions.  

For example when gaseous ammonia and hydrogen chloride are brought together 

at room temperature white dense fumes of ammonium chloride is formed.  

However, on heating, ammonium chloride decomposes to give ammonia and 

hydrogen chloride. Such reactions are described as reversible reactions.

 2
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REVERSIBLE REACTIONS

If in a reversible reaction the conditions required for the forward reaction and 

the backward reaction are the same, a stage will be reached when the rate of 

the forward reaction becomes equal to the rate of the backward reaction.  

Then the system is said to be in a state of chemical equilibrium.  

The equilibrium is dynamic. i.e. the forward and the backward reactions keep 

on occurring continually without affecting the concentration of the 

components.  

Thus, at equilibrium the concentration of the constituents do not change with 

time.

 3

CHARACTERISTICS OF THE EQUILIBRIUM STATE

A system is said to be in a state of dynamic equilibrium when in a reversible reaction, 

the rate of the forward reaction is equal to the rate of the backward reaction. 

1. The rate of the forward reaction is equal to the rate of the backward reaction. 

2. The concentration of the constituents at equilibrium does not change with time. 

3. Equilibrium is a dynamic state – opposing changes at molecular level are continually 

taking place. 

4. The position of equilibrium is sensitive to changes of temperature and pressure or 

concentration. 

5. The equilibrium may be attained from either direction.

 4
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EQUILIBRIUM LAW

For an equilibrium reaction of the form: 

wA     +     xB     ⇌     yC     +     zD

 5

Then (at a constant temperature) = [C]y . [D]z

[A]w . [B]x
=  a constant, (Kc)

Where [ ]  denotes the equilibrium concentration in mol dm҆3.  Kc is 

known as the Equilibrium Constant. 

Note: Solids are NOT a part of equilibrium expressions because the 

concentration of solids is ALWAYS constant.

EXAMPLE 1

Consider the reaction   2SO2(g)     +     O2(g)     ⇌     2SO3(g) 

If the equilibrium concentrations are:  

SO2: 0.016 mol dm҆3 O2: 0.0083 mol dm҆3 SO3: 0.15 mol dm҆3, 

Calculate the value of the equilibrium constant Kc , stating its units.

 6

Kc =
[SO3]2

[SO2]2 x [O2]

(0.15)2

(0.016)2 x 0.0083
=  1.1 x 104 mol҆1 dm3

=

The units can be calculated by realizing:

 conc2 

conc2 x conc

1

conc
= =  mol҆1 dm3 

1

mol dm҆3
which is =
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EXAMPLE 2

What are the units of the equilibrium constant Kc for the following reactions? 

(a)   N2(g)     +     3H2(g)     ⇌      2NH3(g) 

(b)   H2(g)     +     I2(g)     ⇌     2HI(g)

 7

conc2

conc x conc3

1
conc2

= =  mol҆2 dm6a) Units are

conc2

conc x conc
= no units as all the concentration terms cancelb) Units are

CALCULATING KC ҆ EXAMPLE 1

Consider the equilibrium   P  +  2Q   ⇌    R  +  S  (all species are aqueous) 

One mole of P and one mole of Q are mixed in 1 dm3 water. Once equilibrium has 

been achieved 0.6 moles of P are present. How many moles of Q, R and S are 
present at equilibrium? What is the Kc?

 8

initial moles 1 1 0 0

moles that reacted ______ ______ ______ ______

moles @ equilibrium 0.6 ______ ______ ______

[conc] @ equilibrium ______ ______ ______ ______

 P                        Q                       R                        S
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CALCULATING KC ҆ EXAMPLE 1

The method is: 

1. Construct the balanced equation, including state symbols (aq), (g) etc. 

2. Write down the expression for Kc. 

3. Calculate the moles of each substance that reacted. 

4. Calculate the moles of each substance at equilibrium. 

5. Divide these by the volume to get the concentration of each substance, use V if no 

volume given. 

6. Put the equilibrium values into the expression for Kc and calculate the answer and 

work out the units.

 9

CALCULATING KC ҆ EXAMPLE 1

Consider the equilibrium   P  +  2Q   ⇌    R  +  S  (all species are aqueous) 

One mole of P and one mole of Q are mixed in 1 dm3 water. Once equilibrium has been 

achieved 0.6 moles of P are present.

 10

P Q R S

initial moles 1 1 0 0

moles that reacted 0.4 0.8 0.4 0.4

moles @ equilibrium 0.6 0.2 0.4 0.4

[conc] @ equilibrium 0.6 0.2 0.4 0.4

• If 0.6 mol of P remain of the original 
1 mol, 0.4 mol have reacted. 

• The equation states that 2 moles of 
Q react with every 1 mole of P. 

• This means that 0.8 (2 x 0.4) moles 
of Q have reacted, leaving 0.2 

moles. 

• One mole of R and S are produced 
from every mole of P that reacts. 

• This means 0.4 moles of R and 0.4 
moles of S are present at 

equilibrium. 

 0.4 x 0.4  

  0.6 x (0.2)2
= 6.67Kc = 

 [R] x [S] 

  [P] x [Q]2

=
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CALCULATING KC ҆ EXAMPLE 2

One mole of ethanoic acid reacts with one mole of ethanol at 298K. When equilibrium 

is reached it is found that two thirds of the acid has reacted. Calculate the value of Kc. 

CH3COOH(l)       +       CH3CH2OH(l)       ⇌       CH3CO2CH2CH3(l)         +         H2O(l)

 11

CH3COOH CH3CH2OH CH3CO2CH2CH3 H2O

initial moles 1 1 0 0

moles that reacted 2/3 2/3 2/3 2/3 

moles @ equilibrium 1 ҆ 2/3  = 1/3 1 ҆ 2/3  = 1/3 2/3 2/3 

[conc] @ equilibrium 1/3 / V 1/3 / V 2/3 / V 2/3 / V

Kc = [CH3CO2CH2CH3 ] [H2O]

[CH3COOH] [CH3CH2OH]

2/3 / V  . 2/3 / V

1/3 / V  . 1/3 / V
=  = 4

CALCULATING KC ҆ EXAMPLE 3

2.6 mol of ethanoic acid, CH3COOH, was mixed with 1.6 mol of ethan

҆1,2҆diol and allowed to reach equilibrium when 1.1 mol of the ester 

CH3COOCH2CH2OCOCH3, was present. The total volume was 

250cm3. Calculate the value of the equilibrium constant, Kc.

 12

2CH3COOH(l)    +    CH2(OH)CH2OH(l)    ⇌    CH3COOCH2CH2OCOCH3(l)    +    2H2O(l)
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CALCULATING KC ҆ EXAMPLE 3

 13

CH3COOH CH2(OH)CH2OH ester H2O

initial moles 2.6 1.6 0 0

moles that reacted 2.2 1.1 1.1 2.2

moles @ equilibrium 0.4 0.5 1.1 2.2

[conc] @ equilibrium 0.4 / 0.25 = 1.6  0.5 / 0.25 = 2.0 1.1 / 0.25 = 4.4 2.2 / 0.25 = 8.8

 4.4 x (8.8)2  

 (1.6)2 x 2
= 67 (no units)

Kc = [CH3COOCH2CH2OCOCH3] x [H2O]2

[CH3COOH]2 x [CH2(OH)CH2OH]
=

CALCULATIONS INVOLVING KC

Calculate the amount of hydrogen iodide at equilibrium when 1.0 mol of 

hydrogen and 1.0 mol of iodine are heated at a temperature T until 

equilibrium is reached in a container of volume 10dm3. 

H2(g)     +     I2(g)       ⇌      2HI(g)      Kc = 49 (no units)  

 14
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CALCULATIONS INVOLVING KC

This can be done in some cases where the number of molecules on the 

two sides are the same: 

1. Write down the expression for Kc (there will always be a mark for this). 

2. Assume that x moles of the substance(s) on the left have reacted. 

3. Calculate the equilibrium moles of each substance and their 

concentrations in terms on x. 

4. Substitute these values into the expression for Kc and solve for x by 

taking the square root of both sides.

 15

CALCULATIONS INVOLVING KC

 16

Kc =
[HI]2

[H2][I2]
= 49

Let x mol of hydrogen that react.

H2(g)     +     I2(g)       ⇌      2HI(g) 

H2 I2 HI

initial moles 1 1 0

moles that reacted x x 2x

moles @ equilibrium 1 ҆ x 1 ҆ x 2x

[conc] @ equilibrium (1 ҆ x) / 10 (1 ҆ x) / 10 2x / 10
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CALCULATIONS INVOLVING KC

 17

Kc =
[HI]2

[H2][I2]

(2x/10) 

(1҆x)/10 . (1҆x)/10
=

4x2
(1҆x)2

= 49=

2x
1҆x

= ± 7

2x
1҆x

= + 7
2x

1҆x
= ҆ 7

As the moles of HI at equilibrium is 

2x, there are 1.56 moles of HI at 

equilibrium.

As the moles of H2 at equilibrium is 1 – 

x, that would result in – 0.4 moles of H2 

at equilibrium. NOT POSSIBLE

2x = – 7 + 7x 

–5x = – 7 

x = –7/5 = –1.4

2x = 7 – 7x 
9x = 7 

x = 7/9 = 0.78

EQUILIBRIUM CONSTANT KP

Kp is the equilibrium constant in terms of the partial pressures of the 

gases in the equilibrium reaction. 

For the reaction:          nA(g)  +  mB(g)   ⇌  xC(g)  +  yD(g)

 18

Kp = 
 pCx x pDy 

  pAn x pBm 1. Use the value of the partial 
pressure of any gas in the 
equilibrium mixture. 

2. As with Kc, the units of Kp 
depend on the stoichiometry of 
the reaction. 

Partial pressure of gas A: 

p(A) = mole fraction of A x total pressure 

Mole fraction of A =
moles of A

total moles of gas
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EXAMPLE 1

Calculate the partial pressure of sulfur dioxide in a mixture containing 

0.016 mol SO2, 0.0083 mol O2 and 0.15 mol SO3 in a vessel at a pressure 

of 7.0 atm. and hence the Kp of the following reaction:     

2SO2(g)     +    O2(g)        ⇌        2SO3(g) 

Total number of moles = 0.016 + 0.0083 + 0.15 = 0.1743 mol

 19

EXAMPLE 1

 20

Mole fraction of SO2 = 0.016 / 0.1743 = 0.0918 

Partial Pressure of SO2 = 0.0918 x 7.0 = 0.643 atm

Mole fraction of O2 = 0.0083 / 0.1743 = 0.0476 

Partial Pressure of O2 = 0.0476 x 7.0 = 0.333 atm

Partial Pressure of SO3 = 7 ҆  (0.643   +   0.333) =  6.024 

Kp =
p(SO3)2

p(SO2)2 x p(O2)

 (6.024)2 

(0.643)2 x 0.333
=  264 atm҆1 =

SO2:

O2:

SO3:
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EXAMPLE 2

When some phosphorous pentachloride PCl5, was heated to a 

temperature T in a container, 78% of it decomposed and the pressure in 

the container was 2.2 atm.    

PCl5(g)     ⇌   PCl3(g)   +   Cl2(g) 

Calculate the value of the equilibrium constant Kp.

 21

Kp =
p(PCl3) x p(Cl2)

p(PCl5)

EXAMPLE 2

The method is: 

1. Write down the expression for Kp. 

2. Calculate the moles of each substance at equilibrium – starting amount is 

given, assume there was 1 mol of the reactant on the left. 

3. Add up all the equilibrium moles to get the total number of moles. Work out 

the mole fraction of each gas (moles/total moles). Work out the partial 

pressure of each gas (mole fraction x total pressure). 

4. Put these partial pressures into the expression for Kp and calculate its value 

with units.

 22
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EXAMPLE 2

Assume that there was 1 mol of PCl5 to start with. As 78% reacted, 0.22 mol was present 

at equilibrium. 0.78 mol of PCl3 and Cl2 were formed.

 23

PCl5 PCl3 Cl2

initial moles 1 0 0

moles that reacted 0.78 0.78 0.78

moles @ equilibrium 0.22 0.78 0.78

mole fraction 0.22/1.78 = 0.124 0.78/1.78 = 0.438 0.78/1.78 = 0.438

partial pressure 0.124 x 2.2 = 0.273 0.438 x 2.2 = 0.964 0.438 x 2.2 = 0.964

0.964 x 0.964  
0.272 =  3.42 atm=Kp =

p(PCl3) x p(Cl2)

p(PCl5)

CALCULATING KP

When nitrogen (1 mole) and hydrogen (3 moles) react at constant 

temperature at a pressure of 8 x 106 Pa, the equilibrium mixture was 

found to contain 0.7 moles of ammonia. Calculate Kp. 

                                              N2(g)      +      3H2(g)     ⇌     2NH3(g)

 24

N2 H2 NH3

initial moles 1 3 0

moles that reacted 0.35 1.05 0.7

moles @ equilibrium 0.65 1.95 0.7

partial pressure 0.65/3.3 x 8 x 106 1.95/3.3 x 8 x 106 0.7/3.3 x 8 x 106 
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CALCULATING KP

 25

Kp =
p(NH3)2 

p(N2) x p(H2)3
=  

(1.7 x 106)2                  

(1.58 x 106) x (4.77 x 106)3

Note: The ratio of partial pressures is the same as the mole ratio at equilibrium.

= 1.73 x 10҆14 Pa҆2

SKILL CHECK

When nitrogen (1 mole) and hydrogen (3 moles) react at constant 

temperature at a pressure of 8 x 6 Pa, the equilibrium mixture was found 

to contain 0.7 moles of ammonia. Calculate Kp.

 26
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SKILL CHECK

Given that PCl5 at 700 K and 1.1 atm total pressure dissociated 33%, find 

Kp. 

PCl5(g)     ⇌   PCl3(g)   +   Cl2(g)

 27

SKILL CHECK

A chemist carries out an investigation on the equilibrium system shown 

below. 

2CO(g)   +   2NO(g)     ⇌   2CO2 (g)   +   N2(g) 

The chemist mixes 0.46 mol of CO with 0.45 mol of NO. The mixture is 

left to reach equilibrium at constant temperature. 

The chemist analyses the equilibrium mixture and finds that 0.25 mol NO 

remains and the total pressure was 5 atm. What is the value of Kp.

 28
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SKILL CHECK

1.0 mol of N2O4 was allowed to reach equilibrium at 400K. At equilibrium 

the partial pressure of N2O4 was found to be 0.15 atm. Given that the Kp 

for the reaction is 48 atm, calculate the partial pressure of NO2 in the 

equilibrium mixture. 

N2O4 (g)     ⇌   2 NO2 (g) 

 29

VALUE OF K AND THE EXTENT OF A REACTION 

If the value of Kc is large it means that the position of the equilibrium is well to 

the right (towards products). 

If the value of Kc is close to 1 it means that the position of the equilibrium is 

close to being halfway. 

If the value of Kc is very small ( < 1), the position of equilibrium is well to the left 

(towards reactants). 

Reminder: the concentration of pure solids and pure liquids is a constant and 

so is not included in the expression for Kc. 

e.g. C(s)  +  H2O(g)    ⇌    CO(g)  +  H2(g)

 30

[CO][H2]
[H2O]

Kc =
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VALUE OF K AND THE EXTENT OF A REACTION 

Only the partial pressures of gases are included in the expression for Kp; 

the other substances are ignored. 

Example    State the expression for Kp for the reaction 

             CaCO3(s)     ⇌    CaO(s)  +  CO2(g) 

and calculate the pressure of carbon dioxide when calcium carbonate is 

heated to 800°C given that Kp = 0.80 atm. 

 31

The two solids 
must be omitted 

from the 
expression for Kp

Kp = p(CO2) = 0.80 atm

LE CHATELIER’S PRINCIPLE

If a change in condition is made to a closed system in equilibrium, the 

system responds to counteract the change as much as possible. 

Conditions include concentration, pressure and temperature 

The system counteracts the change by making the direction of the 

reaction move against the change. 

Note: Catalysts do not affect the position of equilibrium! They only speed 

up the rate of reaching equilibrium – getting there faster!

 32
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EFFECT OF CONCENTRATION ON EQUILIBRIUM

TWO GENERAL RULES: 

1. If the concentration of a substance is increased, the system will counteract the change 

by forcing the reaction to go in the direction that uses up the ‘extra’ substance. 

2. If the concentration of a substance is decreased, the system will counteract the change 

by forcing the reaction to go in the direction that makes more of the substance. 

Example   

A(g) + 2B(g)  ⇌  2C(g)  ∆H = ҆ 200 kJ mol҆1  

If concentration of C is increased, the equilibrium will move in a way so as to oppose the 

change, that is, decrease C by favoring the backward reaction.

 33

EFFECT OF CONCENTRATION ON EQUILIBRIUM

 34

CH3COOH(l)  +  C2H5OH(l)    ⇌    CH3COOC2H5(l)  +  H2O(l)

If concentration of 

a reactant 

increases.

The reaction goes 

FORWARD.

Equilibrium moves 

to the right.

The ‘extra’ reactant is 

used up, more products 

are made.

The ‘extra product is 

used up, more 

reactants are made.

Equilibrium 

moves to the left

The reaction 

REVERSES.

If concentration of 

a product 

increases.
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EFFECT OF PRESSURE ON EQUILIBRIUM

CH4(g)  +  H2O(g)   ⇌   CO(g)  +  3H2(g) 

  2 molecules              4 molecules

 35

There are fewer 

gas molecules so 

pressure falls

Equilibrium 

moves to the 

left.

The reaction goes 

to the side with 

fewer gas 

molecules.

If pressure increases

If pressure 

decreases

The reaction goes to the side 

with more gas molecules 

Equilibrium moves to the left.

Equilibrium 

moves to the 

right.

There are more gas 

molecules so 

pressure rises.

EFFECT OF TEMPERATURE ON EQUILIBRIUM

Le Chatelier’s principle also works for temperature changes. 

If the temperature is increased, the reaction will go in the direction that 

reduces the temperature by taking in energy (converting heat energy to 

chemical energy), i.e. the endothermic direction. 

If the temperature is decreased, the reaction will go in the direction that 

increases the temperature by giving out energy (converting chemical 

energy to heat energy), i.e. the exothermic direction.

 36
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EFFECT OF TEMPERATURE ON EQUILIBRIUM

Example                  

A(g)     +     2B(g)     ⇌     2C(g)     ∆H = ҆200 kJ mol҆1  

If temperature increases, the equilibrium shifts in a way so as to decrease the 

temperature of the system. Hence, the backward reaction is favored as it is the 

endothermic reaction and results in a temperature decrease. 

Note: 

Low temperatures favor exothermic reactions. 

High temperatures favor endothermic reactions.

 37

EXOTHERMIC CHANGES

N2(g)  +  3H2(g)    ⇌    2NH3(g)  ∆H = ҆ 92 kJ mol҆1 

 38

Therefore…
The FORWARD reaction is 

exothermic. It gives out energy. 

Increases the temperature.

The REVERSE reaction is 

endothermic. It takes in energy. 

Decreases the temperature

More reactants (N2 

and H2) are made.

The reaction 

REVERSES.

The system will go in the 

endothermic direction.

If the temperature 

increases.

If the temperature 

decreases.

The system will go in the 

exothermic direction.

The reaction goes 

FORWARD

More product (NH3) 

is made.
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EXOTHERMIC CHANGES

N2O4(g)    ⇌   2NO2(g)     ∆H = + 57 kJ mol҆1

 39

The FORWARD reaction is 

endothermic

The REVERSE reaction is 

exothermic

More reactants 

(N2O4) are made.

The reaction 

REVERSES.

The system will go in the 

exothermic direction.

If the temperature 

decreases.

Therefore…

If the temperature 

increases.

The system will go in the 

endothermic direction.

The reaction goes 

FORWARD

More product (NO2) 

is made.

CONDITIONS AFFECTING EQUILIBRIUM ҆ EXAMPLE 1

Ethanol is made on an industrial scale by reacting ethene with steam at 

300°C. 

C2H4(g)     +     H2O(g)     ⇌      C2H5OH(g) 

Explain the effect that each of the following changes has on the yield of 

ethanol. 

A. Increasing the pressure. 

B. Increasing the concentration of ethene. 

C. Using a catalyst.

 40

CEDAR COLLEGE EQUILIBRIA



 75

�

CONDITIONS AFFECTING EQUILIBRIUM ҆ EXAMPLE 1

A. Increasing the pressure would increase the yield of ethanol. There are 

two molecules on the left of the equation and only one on the right. The 

system would act to reduce the increased pressure by forming fewer 

gas molecules, moving the equilibrium to the right (forward reaction). 

B. Increasing the concentration of ethene would increase the yield of 

ethanol. The system would act to reduce the increased concentration 

by moving to the right (forward reaction) and forming more products. 

C. Catalyst have no effect on yield – they only affect the rate.

 41

CHOOSING THE CONDITIONS

For industrial processes, the best conditions give high yields (more 

products) at a fast rate. 

Changing conditions affects both rate and position of equilibrium. 

‘Compromise conditions’ of pressure and temperature are used to give 

reasonable yields at fast rates.

 42
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CHOOSING THE CONDITIONS

 43

CHANGES RATE EQUILIBRIUM POSITION (YIELD)

Increased 

concentration of 

reactants

Faster
Moves to the right 

More products = higher yield

Increased pressure 

(gases)
Faster

Moves to the side of the reaction with fewer gas molecules 

For some reactions this decreases yield

Increased temperature Faster
Moves in the endothermic direction 

For exothermic reactions this decreases yield

Use of a catalyst Faster No effect

CONDITIONS AFFECTING EQUILIBRIUM ҆ EXAMPLE 2

Explain whether the yield of the following reactions would increase or 

decrease if the temperature was increased. 

  

A. C2H4(g)  +  H2O(g)   ⇌     C2H5OH(g)                    ∆H = ҆46 kJ mol҆3  

B. N2(g)     +  O2(g)       ⇌     2NO(g)                         ∆H = +90 kJ mol҆3 

C. H2O(g)    +  C(s)        ⇌    CO(g)  +  H2(g)             ∆H = +13 kJ mol҆3 

 44
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CONDITIONS AFFECTING EQUILIBRIUM ҆ EXAMPLE 2

A. The reaction is exothermic in the forward direction. An increase in the 

temperature moves the reaction in the endothermic direction, so it 

reverses and less yield of C2H5OH is formed. 

B. The reaction is endothermic in the forward direction. An increase in 

the temperature moves the reaction in the endothermic direction, so 

it goes forward and more yield of NO is formed. 

C. The reaction is endothermic in the forward direction. An increase in 

the temperature moves the reaction in the endothermic direction, so 

it goes forward and more yield of CO and H2 is formed.

 45

EFFECT OF TEMPERATURE ON K

In the following case:  

A(g) + 2B(g)    ⇌   2C(g) ∆H = ҆ 200 kJ mol҆1  

Only temperature affects Kc and Kp. If temperature increases, Kc decreases. This 

is because increasing temperature will make the reaction move backwards, 

increasing the value of the denominator and lowering the value of numerator. 

Note:  Always write the effect on equilibrium and rate. For example, for an 

exothermic reaction, a low temperature would slow down the rate and 

increase the yield.

 46
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EFFECT OF TEMPERATURE ON K

 47

Temperature

Exothermic

Kc

Temperature

Kc

Endothermic
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ACIDS AND BASES

ARRHENIUS THEORY

Acids are substances that produce H+ ions when they dissolve in 

water. 

Bases are substances that react with H++ ions to produce water. 

Alkalis are bases which dissolve in water to produce OH— ions. 

Hence, the stronger the dissociation, the stronger the acid. 

However, H+ ions exist as Hydronium H3O+ ions, associating with 

water molecules by coordinate bonds.

 2
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ARRHENIUS THEORY

Arrhenius theory limits itself to the concentration of H+ and OH— ions 

determining the strength of acids and bases. 

Hence, this theory is restricted to polar solvents like water. 

However, this is also why Hydrochloric and Ethanoic acid show acidity. 

strong acid:      HCl   →   H+   +   Cl— 

weak acid:      CH3CO2H    ⇌   H+   +   CH3CO2—

 3

BRONSTED-LOWRY THEORY

According to this, an acid is a proton (H+) donor, and bases are proton 

acceptors. 

In the following reaction HCl is an acid because it donates a proton to 

water. This means that water is acting as a Brønsted– Lowry base. The 

water is accepting a proton.

 4

144 8  Equilibrium

The Brønsted–Lowry theory of acids 
and bases
Th e defi nitions of acids and bases given above are limited 
to reactions taking place in water. In 1923 the Danish 
chemist J. Brønsted and the English chemist T. Lowry 
suggested a more general defi nition of acids and bases. 
Th is defi nition is based on the idea that in an acid–base 
reaction, a proton is transferred from an acid to a base 
(a proton is a hydrogen ion, H+).

A better defi nition of an acid is a substance which releases 
hydrogen ions when it dissolves in water. For example:

HCl(g) + aq → H+(aq) + Cl−(aq)

Th e formulae for a number of bases are given in 
Table 8.7. Many metal oxides or hydroxides are bases. 
Some bases dissolve in water to form hydroxide ions in 
solution. A base which is soluble in water is called an 
alkali. For example:

NaOH(s) + aq → Na+(aq) + OH−(aq)

Some alkalis are formed by the reaction of a base with 
water. When ammonia gas dissolves in water, some of 
the ammonia molecules react with water molecules. 
Hydroxide ions are released in this reaction.

NH3(g) + H2O(l) → NH4
+(aq) + OH−(aq)

Aqueous ammonia is therefore an alkali. We can also see 
from the equation above that the ammonia has accepted 
a hydrogen ion to become NH4

+. So a wider defi nition of 
a base is a substance which accepts hydrogen ions.

Name of acid Formula Ions formed in 
water

hydrochloric acid HCl H+ + Cl−

nitric acid HNO3 H+ + NO3
−

sulfuric acid H2SO4 2H+ + SO4
2− 

ethanoic acid CH3COOH CH3COO− + H+

benzoic acid C6H5COOH C6H5COO− + H+

Table 8.6 Formulae and ions of some common acids.

Name of base Formula
calcium oxide CaO
copper(II) oxide CuO
sodium hydroxide NaOH
calcium hydroxide Ca(OH)2

ammonia NH3

Table 8.7 The formulae of some common bases.

13 a  Write an equation to show potassium 
hydroxide dissolving in water.

b Write an equation for liquid nitric acid 
dissolving in water.

c Write ionic equations for:
i the reaction in aqueous solution 

between sodium hydroxide and 
nitric acid

ii the reaction in aqueous solution 
between potassium hydroxide and 
hydrochloric acid.

Check-up

A Brønsted–Lowry acid is a proton donor.
A Brønsted–Lowry base is a proton acceptor.

When hydrochloric acid is formed, hydrogen chloride gas 
dissolves in water and reacts to form hydroxonium ions, 
H3O+, and chloride ions (Figure 8.12). You can see that 
the water is involved in the reaction.

HCl(g) + H2O(l) → H3O+(aq) + Cl−(aq)

Hydrochloric acid is an acid because it donates a proton 
to water. Th is means that water is acting as a Brønsted–
Lowry base. Th e water is accepting a proton.

HCl(g) + H2O(l) → H3O+(aq) + Cl–(aq) 
acid base

H+ donated 
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BRONSTED-LOWRY THEORY

Also, a base has to be a substance with a lone pair, to coordinate with the 

proton.

 5

1458  Equilibrium

(HClO4) reacts with ethanoic acid (CH3COOH) in an 
inert solvent, the following equilibrium is set up:

HClO4 + CH3COOH      ClO4  
– + CH3COOH2 

+ 
acid base

H+ donated 

In this reaction HClO4 is the acid because it is donating a 
proton to CH3COOH. CH3COOH is the base because 
it is a proton acceptor.

Water can also act as an acid. When ammonia reacts with 
water, it accepts a proton from the water and becomes an 
NH4

+ ion (Figure 8.13).

NH3(g) + H2O(l)       NH4  
+(aq) + OH–(aq) 

acid base

H+ donated

Substances like water, which can act as either 
acids or bases are described as amphoteric.

Brønsted–Lowry acids and bases do not have to involve 
aqueous solutions. For example, when chloric(VII) acid 

Figure 8.12 An acid is a proton donor. Hydrogen chloride is the acid in this reaction. A base is a proton acceptor. Water is the base in this reaction. 
Remember that a proton is a hydrogen ion, H+.

H2O(l)

The proton, H+, is donated
by the hydrogen chloride
and accepted by the water…

…forming the
positive hydroxonium ion…

…and leaving a
negative chloride ion.

H H

H HO O

H H

Cl Cl

HCl(g)

proton

+ +H3O+(aq) Cl–(aq)

–

+

Figure 8.13 Water is the proton donor (it is the acid); ammonia is the proton acceptor (it is the base).

H2O(l)

The proton, H+, is donated
by the water and accepted
by the ammonia…

…forming
the positive

ammonium ion…

…and the
negative

hydroxide ion.

H

HH N

H H

O

NH3(g) + +NH4
+(aq) OH–(aq)

H

H N

H

H O

H

+

–

BRONSTED-LOWRY THEORY
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water, it accepts a proton from the water and becomes an 
NH4

+ ion (Figure 8.13).
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Substances like water, which can act as either 
acids or bases are described as amphoteric.

Brønsted–Lowry acids and bases do not have to involve 
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Remember that a proton is a hydrogen ion, H+.

H2O(l)

The proton, H+, is donated
by the hydrogen chloride
and accepted by the water…
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…and leaving a
negative chloride ion.
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H H
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Figure 8.13 Water is the proton donor (it is the acid); ammonia is the proton acceptor (it is the base).
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BRONSTED-LOWRY THEORY

NH3   +   H2O   →   NH4+   +   OH— 

A conjugate acid is a base that has accepted a proton. 

A conjugate base is an acid that has donated a proton. 

Hence, the NH4+ ion is said to be the conjugate acid of NH3, and 

likewise, NH3 is the conjugate base of NH4+ ion. 

H2O is the conjugate acid of the OH— ion, and the OH— ion is the 

conjugate base of H2O.

 7

BRONSTED-LOWRY THEORY

This suggests that a substance can both be an acid and a base 

depending on the situation.

 8

146 8  Equilibrium

NH3(g) + H2O(l)       NH4 
+(aq) + OH–(aq) 

acid base

H+ donated

If a reactant is linked to a product by the transfer of a 
proton we call this pair a conjugate pair. Consider the 
following reaction:

HCl(g) + H2O(l)       H3O+(aq) + Cl–(aq)
acid acid base base

conjugate pair 

conjugate pair

Looking at the forward reaction:
• Cl− is the conjugate base of the acid HCl
• H3O+ is the conjugate acid of the base H2O.
Looking at the reverse reaction:
• HCl is the conjugate acid of the base Cl−

• H2O is the conjugate base of the acid H3O+.
In a conjugate pair, the acid has one proton more.

Th e conjugate pairs for the equilibrium between 
ammonia and water to form ammonium ions and 
hydroxide ions are:

NH3(g) + H2O(l)       NH4 
+(aq) + OH–(aq) 

base acid acid base

conjugate pair 

conjugate pair

When an acid or base reacts with water, an equilibrium 
mixture is formed. For acids such as hydrochloric acid, 
the position of equilibrium is almost entirely in favour 
of the products. But for ammonia the position of 
equilibrium favours the reactants. Th e equations can be 
written to show this. For example:

HCl(g) + aq → H+(aq) + Cl−(aq)

A forward arrow is used as this reaction goes to completion.

NH3(g) + H2O(l)  NH4
+(aq) + OH−(aq)

An equilibrium arrow is used as this reaction does not go 
to completion.

Even corrosive acids such as nitric acid can act as bases! 
When sulfuric acid and nitric acid react in an inert solvent, the 
following equilibrium is set up:

H2SO4 + HNO3  HSO4
− + H2NO3

+

Nitric acid is acting as a proton acceptor, so it is a base.

Fact fi le

14 Identify which reactants are acids and which 
are bases in the following reactions:
a NH4

+ + H2O  NH3 + H3O+

b HCOOH + HClO2  HCOOH2
+ + ClO2

−

Check-up

Conjugate acids and conjugate bases
In a reaction at equilibrium, products are being converted 
to reactants at the same rate as reactants are being 
converted to products. Th e reverse reaction can also be 
considered in terms of the Brønsted–Lowry theory of 
acids and bases.

Consider the reaction:

NH3(g) + H2O(l)  NH4
+(aq) + OH−(aq)

In the reverse reaction, the NH4
+ ion donates a proton 

to the OH− ion. So NH4
+ is acting as an acid and OH− is 

acting as a base.

15 a  Identify the acid and the base on the 
right-hand side of these equilibria.
i H ClO2 + HCOOH 

 ClO2
− + HCOOH2

+

ii H2S + H2O  HS− + H3O+

b Identify the acid on the right-hand side of 
this equation which is conjugate with the 
base on the left-hand side.

CH3NH2 + H2O  CH3NH3
+ + OH−

Check-up

146 8  Equilibrium
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H+ donated
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base acid acid base
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conjugate pair

When an acid or base reacts with water, an equilibrium 
mixture is formed. For acids such as hydrochloric acid, 
the position of equilibrium is almost entirely in favour 
of the products. But for ammonia the position of 
equilibrium favours the reactants. Th e equations can be 
written to show this. For example:

HCl(g) + aq → H+(aq) + Cl−(aq)

A forward arrow is used as this reaction goes to completion.
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An equilibrium arrow is used as this reaction does not go 
to completion.

Even corrosive acids such as nitric acid can act as bases! 
When sulfuric acid and nitric acid react in an inert solvent, the 
following equilibrium is set up:

H2SO4 + HNO3  HSO4
− + H2NO3

+

Nitric acid is acting as a proton acceptor, so it is a base.

Fact fi le

14 Identify which reactants are acids and which 
are bases in the following reactions:
a NH4

+ + H2O  NH3 + H3O+

b HCOOH + HClO2  HCOOH2
+ + ClO2

−

Check-up

Conjugate acids and conjugate bases
In a reaction at equilibrium, products are being converted 
to reactants at the same rate as reactants are being 
converted to products. Th e reverse reaction can also be 
considered in terms of the Brønsted–Lowry theory of 
acids and bases.

Consider the reaction:

NH3(g) + H2O(l)  NH4
+(aq) + OH−(aq)

In the reverse reaction, the NH4
+ ion donates a proton 

to the OH− ion. So NH4
+ is acting as an acid and OH− is 

acting as a base.

15 a  Identify the acid and the base on the 
right-hand side of these equilibria.
i H ClO2 + HCOOH 

 ClO2
− + HCOOH2

+

ii H2S + H2O  HS− + H3O+

b Identify the acid on the right-hand side of 
this equation which is conjugate with the 
base on the left-hand side.

CH3NH2 + H2O  CH3NH3
+ + OH−

Check-up
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STRENGTH OF ACIDS

The strength of acids is judged by their tendency to donate protons. 

The strength of bases is judged by their tendency to accept protons. 

HCl   +   H2O   →   H3O+   +   Cl— 

The above reaction proceeds to completion, therefore, HCl is a 

stronger acid than H3O+, and H2O is a stronger base than Cl—.

 9

STRENGTH OF ACIDS

CH3CO2H   +   H2O   ⇌   H3O+   +   CH3CO2— 

Th above reaction however is a reversible reaction, with the 

equilibrium position well towards the left. 

H3O+ is a stronger acid than CH3CO2H, and CH3CO2— is a stronger 

base than H2O. 

Hence, strong acids have weak conjugate bases, and vice versa.

 10

CEDAR COLLEGE ACID AND BASES



 85

�

SKILL CHECK 1

Identify which reactants are acids and which are bases: 

(a) NH4+   +   H2O   ⇌   NH3   +   H3O+ 

(b) HCOOH   +   HClO2   ⇌   HCOOH2+   +   ClO2— 

(c) HClO4   +   CH3COOH   ⇌   ClO4—  +   CH3COOH2+ 

(d) H2SO4   +   HNO3   ⇌   HSO4—   +   H2NO3+ 

(e) H2S   +   H2O   ⇌   HS−   +   H3O+

 11
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7  Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 

pesticides. 

 

What is the approximate angle between the bonds formed by the N atom in a molecule of methyl 

isocyanate? 

 

A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 

 

 

8  Methanol may be prepared by the reaction between carbon monoxide and hydrogen. 

 

CO(g)  +  2H2(g)  →  CH3OH(g) 

 

The relevant average bond energies are given below. 

 

E (C ≡ O) 1077 kJ mol
–1

 

E (C – O) 360 kJ mol
–1

 

E (C – H) 410 kJ mol
–1

 

E (H – H) 436 kJ mol
–1

 

E (O – H) 460 kJ mol
–1

 

 

What is the enthalpy change of this reaction? 

A –537 kJ mol
–1

 

B –101 kJ mol
–1

 

C +101 kJ mol
–1

 

D +537 kJ mol
–1

 

 

 

9 The equilibrium constant, Kc, for the reaction shown is 2 mol
–2 dm

6

, at 600 K. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

What is the concentration of NH3 at equilibrium, at 600 K, when the equilibrium concentrations of 

N2 and H2 are both 2 mol dm
–3

? 

A 8 mol dm
–3

 B 16 mol dm
–3

 C 32 mol dm
–3

 D 32 mol dm
–3
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8 Solid carbon dioxide, CO2, is similar to solid iodine, I2, in its structure and properties. Carbon is in 
Group 14. Silica, SiO2, is a Group 14 compound. 

 
Which statement about solid CO2 and solid SiO2 is correct? 

A Both solids exist in a lattice structure. 

B Both solids have a simple molecular structure. 

C Both solids have atoms joined by single covalent bonds. 

D Both solids change spontaneously to gas at s.t.p. 
 
 
9 An article in a science magazine contains the following statement. 
 

‘It is lighter than a feather, stronger than steel, yet incredibly flexible and more conductive than 
copper.’ 

 
Which form of carbon is being described? 

A buckminsterfullerene 

B diamond 

C graphene 

D graphite 
 
 
10 Which equation has an enthalpy change of reaction which corresponds to the standard enthalpy 

change of atomisation of chlorine? 

A 
2
1 Cl 2(g)  →  Cl (g) 

B 
2
1 Cl 2(l)  →  Cl (g) 

C Cl 2(g)  →  2Cl (g) 

D Cl 2(l)  →  2Cl (g) 
 
 
11 In an experiment, 2.00 mol of hydrogen and 3.00 mol of iodine were heated together in a sealed 

container and allowed to reach equilibrium at a fixed temperature. The container had a fixed 
volume of 1.00 dm3. At equilibrium, there were 2.40 mol of iodine present in the mixture. 

 
H2(g)  +  I2(g)    2HI(g) 

 
What is the value of the equilibrium constant, Kc? 

A 0.107 B 0.357 C 0.429 D 2.33 
 
 

 

5 
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10 When solid ammonium chloride dissociates at a certain temperature in a 0.500 dm
3

 container, 

ammonia and hydrogen chloride are formed. 

 

NH4Cl (s)    NH3(g)  +  HCl (g) 

 

The initial amount of ammonium chloride was 1.00 mol, and when the system had reached 

equilibrium there was 0.300 mol of ammonium chloride. 

 

What is the numerical value of Kc for this reaction under these conditions? 

A 0.490 B 1.63 C 1.96 D 3.27 

 

 

11 Which stage in the free radical substitution of ethane by chlorine has the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 

 

 

12 Sodium and sulfur react together to form sodium sulfide, Na2S. 

 

How do the atomic radius and ionic radius of sodium compare with those of sulfur? 

 

 atomic radius ionic radius 

A sodium < sulfur sodium > sulfur 

B sodium < sulfur sodium < sulfur 

C sodium > sulfur sodium > sulfur 

D sodium > sulfur sodium < sulfur 

 

 

13 Solid aluminium chloride sublimes at 178 oC. 

 

Which structure best represents the species in the vapour at this temperature? 

 

Cl 

Cl 

Cl 

Cl 

Al 

Cl 

Cl 

Al 

Cl 

Cl 

Cl 

Cl 

Al 

Cl 

Cl 

Al Al
Al 

3+(Cl 
–)3

A B C D 

Cl

ClCl
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7  At room temperature and pressure, H2O is a liquid and H2S is a gas. 

 

What is the reason for this difference? 

A O has higher first and second ionisation energies than S. 

B The covalent bond between O and H is stronger than the covalent bond between S and H. 

C There is significant hydrogen bonding between H2O molecules but not between H2S 

molecules. 

D The instantaneous dipole-induced dipole forces between H2O molecules are stronger than 

the instantaneous dipole-induced dipole forces between H2S molecules. 

 

 

8  Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and 

chlorine by heating. The table gives the bond energies. 

 

bond bond energy / kJ mol
–1 

P–Cl (in both chlorides) 330 

Cl –Cl 242 

 

What is the enthalpy change for the decomposition of PCl 5 to PCl 3 and Cl 2? 

A –418 kJ mol
–1

 

B –88 kJ mol
–1

 

C +88 kJ mol
–1

 

D +418 kJ mol
–1

 

 

 

9  An aqueous solution was prepared containing a mixture of 1.0 mol of AgNO3 and 1.0 mol of 

FeSO4 in 1.00 dm
3

 of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in 

the mixture. 

 

Ag
+

(aq)  +  Fe
2+

(aq)    Ag(s)  +  Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.62 B 1.40 C 1.62 D 2.89 

 

 

10 The equation for the reaction between carbon monoxide and hydrogen is shown. 

 

CO(g)  +  3H2(g)    CH4(g)  +  H2O(g) 

 

What are the units of Kp for this reaction?  

A kPa B kPa
–1

 C kPa
2

 D kPa
–2

 

 

 

 

4  

© UCLES 2016 9701/11/M/J/16  

7  At room temperature and pressure, H2O is a liquid and H2S is a gas. 

 

What is the reason for this difference? 

A O has higher first and second ionisation energies than S. 

B The covalent bond between O and H is stronger than the covalent bond between S and H. 

C There is significant hydrogen bonding between H2O molecules but not between H2S 

molecules. 

D The instantaneous dipole-induced dipole forces between H2O molecules are stronger than 

the instantaneous dipole-induced dipole forces between H2S molecules. 

 

 

8  Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and 

chlorine by heating. The table gives the bond energies. 

 

bond bond energy / kJ mol
–1 

P–Cl (in both chlorides) 330 

Cl –Cl 242 

 

What is the enthalpy change for the decomposition of PCl 5 to PCl 3 and Cl 2? 

A –418 kJ mol
–1

 

B –88 kJ mol
–1

 

C +88 kJ mol
–1

 

D +418 kJ mol
–1

 

 

 

9  An aqueous solution was prepared containing a mixture of 1.0 mol of AgNO3 and 1.0 mol of 

FeSO4 in 1.00 dm
3

 of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in 

the mixture. 

 

Ag
+

(aq)  +  Fe
2+

(aq)    Ag(s)  +  Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.62 B 1.40 C 1.62 D 2.89 

 

 

10 The equation for the reaction between carbon monoxide and hydrogen is shown. 

 

CO(g)  +  3H2(g)    CH4(g)  +  H2O(g) 

 

What are the units of Kp for this reaction?  

A kPa B kPa
–1

 C kPa
2

 D kPa
–2
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10 Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel of volume 1 dm
3

. It was found that 2.32 mol of nitrogen were 

present in the equilibrium mixture. 

 

What is the value of Kc? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(

 

 

 

11 Lithium reacts with nitrogen at room temperature to form solid Li3N. 

 

Three vessels of equal volume are connected by taps, A and B, as shown. 

 

evacuated N2(g) + 3H2(g) 2NH3(g)

LiA B
 

 

At the start, A and B are closed, the left-hand vessel is evacuated, the middle vessel has the 

indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 

Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both A and B closed. 

B Open both A and B. 

C Open A only. 

D Open B only. 
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9 Sodium chromate(VI), Na2CrO4, is manufactured by heating chromite, FeCr2O4, with sodium 
carbonate in an oxidising atmosphere. Chromite contains Cr2O4

2– ions. 
 

2FeCr2O4  +  4Na2CO3  +  3 2
1 O2  →  4Na2CrO4  +  Fe2O3  +  4CO2 

 
What happens in this reaction? 

A Chromium and iron are the only elements oxidised. 

B Chromium, iron and carbon are oxidised. 

C Only chromium is oxidised. 

D Only iron is oxidised. 
 
 
10 The table shows the partial pressures in an equilibrium mixture formed by the Haber process. 

 
 
 
          3H2(g)  +  N2(g)    2NH3(g) 
 

 

 
What is the numerical value of the equilibrium constant, Kp, for this reaction? 

A 4.46 × 10–9 

B 4.76 × 10–5 

C 7.14 × 10–5 

D 2.24 × 108 
 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate 

time 
0 

0 

A 

rate 

time 
0 

0 

B 

rate 

time 
0 

0 

C 

rate 

time 
0 

0 

D 

 
 
 

substance partial pressure / kPa 

nitrogen 7000 

hydrogen 8000 

ammonia 4000 
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10 Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe the reactions that occur when sulfur dioxide dissolves in water. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

11 Catalysts are an important feature of many industrial processes and biochemical reactions. 

 

Which row correctly describes the effect of a catalyst on a reversible chemical reaction? 

 

 position of equilibrium effect on value of ∆H 

A moved to right decreased 

B unaffected decreased 

C unaffected increased 

D unaffected unaffected 

 

 

12 The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What could element X be? 

A Al B Ca C Na D P 

 

 

13 Each pair below consists of a sample of two separate elements. Each element is in its standard 

state at room temperature and pressure. 

 

Which pair of elements has chemical bonds of the same type between their atoms? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 
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10 Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel of volume 1 dm
3

. It was found that 2.32 mol of nitrogen were 

present in the equilibrium mixture. 

 

What is the value of Kc? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(

 

 

 

11 Lithium reacts with nitrogen at room temperature to form solid Li3N. 

 

Three vessels of equal volume are connected by taps, A and B, as shown. 

 

evacuated N2(g) + 3H2(g) 2NH3(g)

LiA B
 

 

At the start, A and B are closed, the left-hand vessel is evacuated, the middle vessel has the 

indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 

Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both A and B closed. 

B Open both A and B. 

C Open A only. 

D Open B only. 

 

 

CEDAR COLLEGE EQUILIBRIA WS 1



 89

10

11

12

13

 

4 

© UCLES 2017 9701/11/O/N/17  

7 Iodine and propanone react according to the following equation. 
 

I2(aq)  +  CH3COCH3(aq)  →  CH3COCH2I(aq)  +  HI(aq) 
 

If the concentration of propanone is increased, keeping the total reaction volume constant, the 
rate of the reaction also increases. 

 
What could be the reason for this? 

A A greater proportion of collisions is successful at the higher concentration. 

B The particles are further apart at the higher concentration. 

C The particles have more energy at the higher concentration. 

D There are more collisions between reactant particles per second at the higher concentration. 
 
 
8 Sulfur can be oxidised in two ways. 
 
 S(s)  +  O2(g)  →  SO2(g) ∆H 

o = –296.5 kJ mol–1 

 2S(s)  +  3O2(g)  →  2SO3(g) ∆H 
o = –791.4 kJ mol–1 

 
Sulfur trioxide can be made from sulfur dioxide and oxygen. 

 
2SO2(g)  +  O2(g)  →  2SO3(g) 

 
What is the standard enthalpy change for this reaction? 

A –1384.4 kJ mol–1 

B –989.8 kJ mol–1 

C –494.9 kJ mol–1 

D –198.4 kJ mol–1 
 
 
9 Hydrogen iodide dissociates into hydrogen and iodine. 
 

2HI(g)    H2(g)  +  I2(g) 
 

In an experiment, b mol of hydrogen iodide were put into a sealed vessel at pressure p. At 
equilibrium, x mol of the hydrogen iodide had dissociated. 

 
Which expression for Kp is correct? 

A 2

2

)( xb
x
−

 B 2

22

)(
p
x b

x
−

 C 
)(4

p22

x bb
x

−
 D 2

2

)4( xb
x
− 
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9 Sodium chromate(VI), Na2CrO4, is manufactured by heating chromite, FeCr2O4, with sodium 
carbonate in an oxidising atmosphere. Chromite contains Cr2O4

2– ions. 
 

2FeCr2O4  +  4Na2CO3  +  3 2
1 O2  →  4Na2CrO4  +  Fe2O3  +  4CO2 

 
What happens in this reaction? 

A Chromium and iron are the only elements oxidised. 

B Chromium, iron and carbon are oxidised. 

C Only chromium is oxidised. 

D Only iron is oxidised. 
 
 
10 The table shows the partial pressures in an equilibrium mixture formed by the Haber process. 

 
 
 
          3H2(g)  +  N2(g)    2NH3(g) 
 

 

 
What is the numerical value of the equilibrium constant, Kp, for this reaction? 

A 4.46 × 10–9 

B 4.76 × 10–5 

C 7.14 × 10–5 

D 2.24 × 108 
 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate 

time 
0 

0 

A 

rate 

time 
0 

0 

B 

rate 

time 
0 

0 

C 

rate 

time 
0 

0 

D 

 
 
 

substance partial pressure / kPa 

nitrogen 7000 

hydrogen 8000 

ammonia 4000 
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10 Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel of volume 1 dm
3

. It was found that 2.32 mol of nitrogen were 

present in the equilibrium mixture. 

 

What is the value of Kc? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(

 

 

 

11 Lithium reacts with nitrogen at room temperature to form solid Li3N. 

 

Three vessels of equal volume are connected by taps, A and B, as shown. 

 

evacuated N2(g) + 3H2(g) 2NH3(g)

LiA B
 

 

At the start, A and B are closed, the left-hand vessel is evacuated, the middle vessel has the 

indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 

Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both A and B closed. 

B Open both A and B. 

C Open A only. 

D Open B only. 
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8 Na2S2O3 reacts with HCl as shown. 
 

Na2S2O3(aq)  +  2HCl (aq)  o  2NaCl (aq)  +  H2O(l)  +  SO2(g)  +  S(s) 
 

When calculating the oxidation number of sulfur in Na2S2O3, the average oxidation number of the 
two sulfur atoms should be found. 

 
What is the oxidation number of sulfur in each of Na2S2O3, SO2, and S? 

 
 Na2S2O3 SO2 S 

A +2 +2 +1 

B +2 +4 0 

C +4 +4 0 

D +5 +4 0 
 
 
9 Ammonia is produced by the Haber process. 
 
 N2  +  3H2    2NH3 'H 

o = –92 kJ mol–1 
 

A fault in the temperature control during the process resulted in the temperature changing to 
600 °C for two hours. 

 
What effect did this have on the ammonia production during this time? 

A Ammonia was formed faster. The equilibrium yield decreased. 

B Ammonia was formed faster. The equilibrium yield increased. 

C Ammonia was formed slower. The equilibrium yield decreased. 

D Ammonia was formed slower. The equilibrium yield increased. 
 
 
10 For the reaction shown, an equilibrium is established at a temperature of 700 K. 
 

The equilibrium constant, Kp, for the reaction is 9.80 kPa. The partial pressure of N2O4 at 
equilibrium is 80.0 kPa. 

 
N2O4(g)    2NO2(g) 

 
What is the partial pressure of NO2 at equilibrium? 

A 8.16 kPa B 28.0 kPa C 66.6 kPa D 784 kPa 
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10 Oxidation of ethanedioate ions by acidified manganate(VII) ions is very slow at room 

temperature. 

 

2MnO4

–

  +  5C2O4

2–

  +  16H
+

  →  2Mn
2+

  +  10CO2  +  8H2O 

 

Mn
2+

 ions catalyse this reaction. 

 

Which graph shows how the concentration of acidified manganate(VII) ions varies after 

ethanedioate ions are added? 

 

concentration
of MnO4

–

time

A

concentration
of MnO4

–

time

B

concentration
of MnO4

–

time

C

concentration
of MnO4

–

time

D

 

 

 

11 Ammonia is manufactured from nitrogen and hydrogen using the Haber process. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

What is the expression for Kc for this equilibrium? 

A 

(g)]3[H    (g)][N

(g)]2[NH

22

3

+

 

B 

(g)]3[H    (g)][N

(g)]2[NH

22

3

×

 

C 
3

22

2

3

(g)][H    (g)][N

(g)][NH

+

 

D 
3

22

2

3

(g)][H    (g)][N

(g)][NH

×
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8 Na2S2O3 reacts with HCl as shown. 
 

Na2S2O3(aq)  +  2HCl (aq)  o  2NaCl (aq)  +  H2O(l)  +  SO2(g)  +  S(s) 
 

When calculating the oxidation number of sulfur in Na2S2O3, the average oxidation number of the 
two sulfur atoms should be found. 

 
What is the oxidation number of sulfur in each of Na2S2O3, SO2, and S? 

 
 Na2S2O3 SO2 S 

A +2 +2 +1 

B +2 +4 0 

C +4 +4 0 

D +5 +4 0 
 
 
9 Ammonia is produced by the Haber process. 
 
 N2  +  3H2    2NH3 'H 

o = –92 kJ mol–1 
 

A fault in the temperature control during the process resulted in the temperature changing to 
600 °C for two hours. 

 
What effect did this have on the ammonia production during this time? 

A Ammonia was formed faster. The equilibrium yield decreased. 

B Ammonia was formed faster. The equilibrium yield increased. 

C Ammonia was formed slower. The equilibrium yield decreased. 

D Ammonia was formed slower. The equilibrium yield increased. 
 
 
10 For the reaction shown, an equilibrium is established at a temperature of 700 K. 
 

The equilibrium constant, Kp, for the reaction is 9.80 kPa. The partial pressure of N2O4 at 
equilibrium is 80.0 kPa. 

 
N2O4(g)    2NO2(g) 

 
What is the partial pressure of NO2 at equilibrium? 

A 8.16 kPa B 28.0 kPa C 66.6 kPa D 784 kPa 
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Section A 

 

For each question there are four possible answers, A, B, C and D. Choose the one you consider to 

be correct. 

 

Use of the Data Booklet may be appropriate for some questions. 

 

 

1 Which ion has the same electronic configuration as Cl –? 

A F
–

 B P
+

 C Sc
3+

 D Si
4+

 

 

 

2 Compounds J and K each contain 40% carbon by mass. 

 

What could J and K be? 

 

 J K 

A a hexose, C6H12O6 starch, (C6H10O5)n 

B a pentose, C5H10O5 a hexose, C6H12O6 

C a pentose, C5H10O5 sucrose, C12H22O11 

D starch, (C6H10O5)n sucrose, C12H22O11 

 

 

3 Two moles of compound P were placed in a sealed container. The container was heated and P 

was partially decomposed to produce Q and R only. A dynamic equilibrium between P, Q and R 

was established. 

At equilibrium x moles of R were present and the total number of moles present was ⎟

⎠

⎞
⎜

⎝

⎛
+

2

  2
x

. 

What is the equation for this reversible reaction? 

A P    2Q  +  R 

B 2P    2Q  +  R 

C 2P    Q  +  R 

D 2P    Q  +  2R 
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7 The following data are needed for this question. 
 

 (P4O10(s)) = –3012 kJ mol–1 

 (H2O(l)) = –286 kJ mol–1 

 (H3PO4(s)) = –1279 kJ mol–1 
 

What is ∆H 
o for the reaction shown? 

 
P4O10(s)  +  6H2O(l)  →  4H3PO4(s) 

 
A –9844 kJ mol–1 

B –388 kJ mol–1 

C –97 kJ mol–1 

D +2019 kJ mol–1 
 
 
8 Which statement is always correct for an oxidation reaction? 

A It involves the gain of oxygen by an element. 

B For one reactant to be oxidised a different reactant must be reduced. 

C The element or ion being oxidised will gain electrons. 

D The oxidation number of the element being oxidised will increase. 
 
 
9 Nitrogen dioxide, NO2, is a brown gas. 
 

Dinitrogen tetroxide, N2O4, is a colourless gas. 
 
An equilibrium is established between NO2 and N2O4 in a closed vessel. 

 
 2NO2(g)    N2O4(g) ∆H = –57 kJ mol–1 
 brown colourless 
 

Which row describes the effects of changing conditions on the colour of an equilibrium mixture of 
NO2 and N2O4? 

 
 increasing the pressure increasing the temperature 

A colour becomes darker colour becomes darker 

B colour becomes darker colour becomes lighter 

C colour becomes lighter colour becomes darker 

D colour becomes lighter colour becomes lighter 
 
 

 

4 
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8 A reaction sequence is shown. 
 
 1 2 3 4 

SO2    SO3    H2SO4    H2S    SO2 
 

In each stage of this sequence the sulfur is oxidised, reduced or neither oxidised nor reduced. 
 

Which row is correct? 
 

 1 2 3 4 

A neither oxidised reduced reduced 

B oxidised neither reduced reduced 

C oxidised neither reduced oxidised 

D oxidised oxidised reduced oxidised 
 
 
9 Hydrogen and carbon dioxide gases are mixed at 800 K. A reversible reaction takes place. 
 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 
 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 
 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 
 
 
10 A reaction involved in the Contact process is shown. 
 
 2SO2(g)  +  O2(g)    2SO3(g) 'H 

o = –197 kJ mol–1 
 

The reaction is investigated at 200 kPa and 700 K and the value of the equilibrium constant, Kp, is 
found to be Y. The reaction is then investigated at 1000 kPa and 700 K and the value of Kp is 
found to be Z. 

 
Which statement comparing Y and Z is correct? 

A Y and Z are the same. 

B Y is greater than Z. 

C Z is 2.2 times greater than Y. 

D Z is 5.0 times greater than Y. 
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10 Which reaction is not a redox reaction? 

A Mg  +  2HNO3  →  Mg(NO3)2  +  H2 

B 2Mg(NO3)2  →  2MgO  +  4NO2  +  O2 

C SO2  +  NO2  →  SO3  +  NO 

D SO3  +  H2O  →  H2SO4 
 
 
11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2  +  O2    2SO3 'H 

o = –196 kJ mol–1 
 

Which conditions of pressure and temperature favour the reverse reaction? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
 
 
12 Which statement about the effect of a catalyst on a reversible reaction is correct? 

A The activation energy of the forward reaction stays the same. 

B The composition of the equilibrium mixture stays the same. 

C The rate of the backward reaction stays the same. 

D The value of the equilibrium constant changes. 
 
 
13 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
 
 
14 X, Y and Z are three elements in the third period. 
 

● X reacts with chlorine to give a liquid product. 

● Y reacts with chlorine to give a solid product that dissolves in water to give a 
solution of pH 7. 

● Z reacts with chlorine to give a solid product that dissolves in water to give a solution 
of pH 6. 

 
Which elements are good conductors of electricity? 

A X and Y B Y and Z C Y only D Z only 
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7 Anhydrous copper(II) chloride, CuCl 2, combines with water to form CuCl 2.2H2O. The standard 
enthalpy changes of formation for this reaction are shown in the table. 

 
  

H2O –286 

CuCl 2 –206 

CuCl 2.2H2O –808 
 

What is the standard enthalpy change of the reaction shown? 
 

CuCl 2  +  2H2O  →  CuCl 2.2H2O 
 

A –1586 kJ mol–1 

B –316 kJ  mol–1 

C –110 kJ  mol–1 

D –30 kJ  mol–1 
 
 
8 Xenon hexafluoride, XeF6, reacts with water. 
 

XeF6  +  3H2O  →  XeO3  +  6HF 
 

Which statement is correct? 

A Hydrogen is reduced in this reaction. 

B Hydrogen is the only element oxidised in this reaction. 

C The only element oxidised in this reaction is xenon. 

D This is not a redox reaction. 
 
 
9 Hydrogen is produced industrially from methane as shown in the equation. 
 
 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) 'H 

o = +205 kJ mol–1 
 

Which conditions would most favour the formation of hydrogen? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
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9 Materials can be classified by their chemical structures. Four common types of structure are 
metallic, ionic, simple molecular and giant molecular. 

 
Some physical properties of four substances are shown in the table. 

 
Which substance has a simple molecular structure? 

 

 melting point 
/ °C 

effect of 
adding water 

electrical 
conductivity 

A 64 reacts good when solid 

B 113 insoluble always poor 

C 767 soluble good when solid 

D 1600 insoluble always poor 
 
 
10 In a particular reversible reaction the yield of product is increased 
 

● if the temperature is increased; 

● if the pressure is decreased. 
 

Which equation could describe this reversible reaction? 

A CH4(g)  +  H2O(g)    3H2(g)  +  CO(g) 'H = +206 kJ mol–1 

B 4NH3(g)  +  3O2(g)    2N2(g)  +  6H2O(g) 'H = –227 kJ mol–1 

C 2NO2(g)    N2O4(g) 'H = –58 kJ mol–1 

D 3O2(g)    2O3(g) 'H = +143 kJ mol–1 
 
 
11 A chemical company used a catalyst in a chemical process. The company has now decided not 

to use the catalyst but to increase the temperature so that the rate of the reaction is the same as 
it was when the catalyst was used. 

 
Which statement about the new conditions compared to the original conditions is correct? 

A The activation energy has been decreased. 

B The activation energy has been increased. 

C There are fewer successful collisions per unit time. 

D There are more successful collisions per unit time. 
 
 
12 Which oxide does not react with cold, dilute sodium hydroxide to produce a salt? 

A Al 2O3 B P4O10 C SO2 D SiO2 
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10 The chemical equilibrium shown is formed when ammonia is produced in the Haber process. 
 

N2  +  3H2    2NH3 
 

The following concentrations are found to be present at equilibrium under certain conditions. 
 

N2 H2 NH3 

0.200 mol dm–3 0.300 mol dm–3 0.600 mol dm–3 
 

What is the numerical value of Kc under these conditions? 

A 0.0150 B 6.0 C 10.0 D 66.7 
 
 
11 The enzyme maltase speeds up the reaction between maltose and water. 
 
 maltase 

maltose + water  glucose 
 

Maltase shows specificity. 
 

Which statement describes the specificity of maltase? 

A Maltase is a biological catalyst and it is a type of protein. 

B Maltase is most effective between pH 6.1 and pH 6.8. 

C Maltase lowers the activation energies of the reactions it catalyses. 

D Maltase only speeds up a small number of chemical reactions. 
 
 
12 Which description of the bonding and acid / base nature of aluminium oxide is correct? 
 

 bonding acid / base nature 

A simple covalent amphoteric 

B giant covalent basic only 

C ionic amphoteric 

D ionic basic only 
 
 
13 X and Y are elements of the third period. 
 

X and Y are individually heated in excess chlorine. Each product is purified and then separately 
added to water, producing two solutions. Both solutions have a pH of less than 5. 

 
What could be X and Y? 

A Na and P B Mg and Al C Mg and Si D Si and P 
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7 Nitric acid is known to take part in the oxidation of atmospheric sulfur dioxide. One possible 

reaction is shown. 

 

SO2  +  HNO3  →  NO
+
  +  HSO4

–
 

 

Which row shows the correct changes in oxidation numbers of nitrogen and sulfur? 

 

 nitrogen sulfur 

A –3 +3 

B –2 +2 

C –2 +3 

D –1 +2 

 

 

8 A transition metal ion, M
2+

, reacts with acidified dichromate(VI) ions to form M
4+

 ions, Cr
3+

 ions, 

and H2O. 

 

Which equation correctly represents this reaction? 

A Cr2O7
2–

  +  14H
+
  +  M

2+
  →  2Cr

3+
  +  7H2O  +  M

4+
 

B Cr2O7
2–

  +  14H
+
  +  2M

2+
  →  2Cr

3+
  +  7H2O  +  2M

4+
 

C Cr2O7
2–

  +  14H
+
  +  3M

2+
  →  2Cr

3+
  +  7H2O  +  3M

4+
 

D Cr2O7
2–

  +  14H
+
  +  6M

2+
  →  2Cr

3+
  +  7H2O  +  6M

4+
 

 

 

9 In this question you should assume that all gases behave ideally. 
 

Hydrogen and iodine react reversibly in the following reaction. The system reaches dynamic 

equilibrium. 

 

 H2(g)  +  I2(g)    2HI(g) ∆H = –9.5 kJ mol
–1

 

 

Which statement must be true for the Kp of this equilibrium to be constant? 

A The partial pressures of H2, I2 and HI are equal. 

B The external pressure is constant. 

C The forward and reverse reactions have stopped. 

D The temperature is constant. 
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17 Silver chloride and silver iodide form equilibria when added to water. 
 
 AgCl(s)    Ag+(aq)  +  Cl –(aq) Kc = K1 

 AgI(s)    Ag+(aq)  +  I–(aq) Kc = K2 
 

Each equilibrium position lies well to the left. 
 

Silver iodide will not dissolve in aqueous ammonia. Silver chloride will dissolve in aqueous 
ammonia. Another equilibrium is formed. 

 
 Ag+(aq)  +  2NH3(aq)    Ag(NH3)2

+(aq) Kc = K3 
 

The position of this equilibrium lies to the right. 
 

What is the order of magnitude for these three equilibrium constants? 

A K1 > K2 > K3 

B K2 > K1 > K3 

C K3 > K1 > K2 

D K3 > K2 > K1 
 
 
18 Elements and their compounds are important as catalysts. 
 

In which process is a compound used, rather than an element? 

A catalytic converters 

B Contact process 

C Haber process 

D hydrogenation of alkenes 
 
 
19 The gaseous products of heating a mixture of Ca(OH)2 and NH4Cl are passed through solid CaO. 

This absorbs water vapour and a gas, W, is collected. 
 

A sample of W is oxidised by Cl 2(g) to produce two gases, X and Y. 
 

X is an element. Y is acidic. 
 

Y reacts with W to produce Z. 
 

What are X and Z? 
 

 X Z 

A N2 CaCl 2 

B N2 NH4Cl 

C O2 CaCl 2 

D O2 NH4Cl 

. I
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10 0.200 mol of sulfur dioxide and 0.200 mol of oxygen are placed in a 1.00 dm3 sealed container. 
The gases are allowed to react until equilibrium is reached. 

 
2SO2  +  O2    2SO3 

 
At equilibrium there is 0.100 mol of SO3 in the container. 

 
What is the value of Kc? 

A 0.150 mol dm–3 

B 0.800 mol dm–3 

C 1.25 mol–1
 dm3 

D 6.67 mol–1
 dm3 

 
 
11 Two reactions are shown. 
 

reaction 1 N2(g)  +  3H2(g)    2NH3(g) 

reaction 2 2O3(g)    3O2(g) 
 

In reaction 1, a finely powdered iron catalyst is used. 
 

In reaction 2, a vaporised tetrachloromethane catalyst in ultraviolet light is used. 
 

Which statement about the catalysts used is correct? 

A Both reaction 1 and reaction 2 use a heterogeneous catalyst. 

B Both reaction 1 and reaction 2 use a homogeneous catalyst. 

C Reaction 1 uses a heterogeneous catalyst and reaction 2 uses a homogeneous catalyst. 

D Reaction 1 uses a homogeneous catalyst and reaction 2 uses a heterogeneous catalyst. 
 
 
12 Sodium and sulfur are burned separately in oxygen. 
 

Each reaction has a distinctive coloured flame. 
 

Which row is correct? 
 

 Na  +  O2 S  +  O2 

A white blue 

B white yellow 

C yellow blue 

D yellow yellow 
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33 Methanoic acid molecules, HCO2H, and hydrogen carbonate ions, HCO3

–

, can both behave as 

acids. 

 

Why does a solution of methanoic acid have a lower pH than a solution of sodium hydrogen 

carbonate of the same concentration? 

1 HCO2H molecules dissociate more fully than HCO3

–

 ions do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCO3

–

 ion only has one. 

3 Methanoic acid is a weaker acid than sodium hydrogen carbonate. 

 

 

34 The following equilibrium is an exothermic reaction in the forward direction. 

 

2CrO4

2–

(aq)  +  2H
+

(aq)    Cr2O7

2–

(aq)  +  H2O(l) 

 

What happens when the concentration of CrO4

2–

 ions increases and the temperature 

decreases? 

1 The concentration of Cr2O7

2–

 ions increases. 

2 The equilibrium constant increases. 

3 The activation energy decreases. 

 

 

35 Which processes involve the conversion of sulfur dioxide into sulfur trioxide? 

1 the combustion of sulfur contaminated fossil fuels 

2 the Contact process for manufacturing sulfuric acid 

3 the catalytic oxidation of sulfur dioxide by oxides of nitrogen 

 

 

36 Which chlorides of Period 3 elements will form a neutral solution when added to water? 

1 NaCl 

2 Al 2Cl 6 

3 PCl 5 
 

 

37 A series of tests was carried out on the compound shown below. 

 

OO

H

CH3CCH2CH CHCH2C

 

 

Which pairs of reagents would both give a positive result for this compound? 

1 Tollens’ reagent and a solution containing acidified dichromate(VI) ions 

2 aqueous bromine and Fehling’s reagent 

3 2,4-dinitrophenylhydrazine reagent and sodium carbonate 

!
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34 The Brønsted-Lowry theory describes acid and base character. 

 

When concentrated sulfuric acid and concentrated nitric acid are mixed, the following reactions 

occur. 

 

H2SO4  +  HNO3    HSO4

–

  + H2NO3

+

 

H2NO3

+

    H2O  +  NO2

+

 

H2O  +  H2SO4    HSO4

–

  +  H3O
+

 

 

Which species are bases in these reactions? 

1 HSO4

–

 

2 HNO3 

3 NO2

+

 

 

 

35 Pollutant oxide Y, which contains non-metallic element X, is formed in a car engine. 

 

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts 

with 0.5 mol of gaseous oxygen molecules. 

 

X could be either nitrogen or sulfur. 

 

Which statements about X, Y and Z can be correct? 

1 The oxidation number of X increases by two from Y to Z. 

2 Y has an unpaired electron in its molecule. 

3 Y is a polar molecule. 

 

 

36 A test-tube of HI gas and a test-tube of HBr gas are placed together in an environment at 

temperature, T. 

 

Which combinations of observations are possible depending on the temperature, T? 

1 A brown vapour appears in one of the test-tubes. No change is apparent in the other  

test-tube. 

2 A brown vapour appears in one of the test-tubes. A purple vapour appears in the other  

test-tube. 

3 No change is apparent in either test-tube. 

 

 

37 Which pairs of reagents will take part in a redox reaction? 

1 CH3COCH3  +  Tollens’ reagent 

2 CH3CH2CHO  +  Fehling’s reagent 

3 CH3CH=CH2  +  Br2 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Use of the Data Booklet is relevant to this question. 

 

When the liquid N
2
F
4
 is heated, it decomposes into a single product, X. 

 

Which statements are correct? 

1 N –  F bonds are broken during this decomposition. 

2  The enthalpy change when N
2
F
4
 decomposes into X is approximately +160 kJ mol

–1

. 

3 Molecules of X are non-linear. 

 

 

32  P and Q are two liquid compounds with similar M
r
 values. Molecules of P attract each other by 

hydrogen bonds. Molecules of Q attract each other by van der Waals’ forces only. 

 

How do the properties of P and Q differ? 

1 P has a higher surface tension than Q. 

2  P is less soluble in water than Q. 

3 P has a lower melting point than Q. 

 

 

33 R and S react together. 

 

R  +  S    T 

 

Which factors affect the rate of the forward reaction? 

1 the activation energy of the reaction 

2  the enthalpy change of the reaction 

3 the equilibrium constant of the reaction 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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33 Methanoic acid molecules, HCO2H, and hydrogen carbonate ions, HCO3

–

, can both behave as 

acids. 

 

Why does a solution of methanoic acid have a lower pH than a solution of sodium hydrogen 

carbonate of the same concentration? 

1 HCO2H molecules dissociate more fully than HCO3

–

 ions do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCO3

–

 ion only has one. 

3 Methanoic acid is a weaker acid than sodium hydrogen carbonate. 

 

 

34 The following equilibrium is an exothermic reaction in the forward direction. 

 

2CrO4

2–

(aq)  +  2H
+

(aq)    Cr2O7

2–

(aq)  +  H2O(l) 

 

What happens when the concentration of CrO4

2–

 ions increases and the temperature 

decreases? 

1 The concentration of Cr2O7

2–

 ions increases. 

2 The equilibrium constant increases. 

3 The activation energy decreases. 

 

 

35 Which processes involve the conversion of sulfur dioxide into sulfur trioxide? 

1 the combustion of sulfur contaminated fossil fuels 

2 the Contact process for manufacturing sulfuric acid 

3 the catalytic oxidation of sulfur dioxide by oxides of nitrogen 

 

 

36 Which chlorides of Period 3 elements will form a neutral solution when added to water? 

1 NaCl 

2 Al 2Cl 6 

3 PCl 5 
 

 

37 A series of tests was carried out on the compound shown below. 

 

OO

H

CH3CCH2CH CHCH2C

 

 

Which pairs of reagents would both give a positive result for this compound? 

1 Tollens’ reagent and a solution containing acidified dichromate(VI) ions 

2 aqueous bromine and Fehling’s reagent 

3 2,4-dinitrophenylhydrazine reagent and sodium carbonate 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 Which statements about reversible reactions are correct? 

1 An increase in concentration of a reactant always increases the concentration of the product. 

2 An increase in temperature always increases the rate at which the equilibrium is established. 

3 An increase in temperature always increases the concentration of the product at equilibrium. 
 
 
34 A chemist puts a sample of dilute aqueous hydrochloric acid into beaker 1. She adds a sample of 

zinc and measures the rate of production of hydrogen gas. 
 

She then puts a different sample of dilute aqueous hydrochloric acid into beaker 2. She adds a 
different sample of zinc and measures the rate of production of hydrogen gas. 

 
The rate of the reaction in beaker 2 is greater than the rate of the reaction in beaker 1. 

 
Which factors could help to explain this observation? 

1 The reaction in beaker 1 has a higher activation energy than the reaction in beaker 2. 

2 The zinc in beaker 1 is in larger pieces than the zinc in beaker 2. 

3 The acid in beaker 1 is at a lower concentration than the acid in beaker 2. 
 
 
35 In some rice-growing parts of the world, farmers use a combination of paddy fields and a fish 

farm. Rice paddy fields are flooded for much of the growing cycle and water running off the fields 
flows through pens where fish are raised. Nitrogen-based fertilisers are generally very soluble in 
water. 

 
Which problems could result from farmers applying excess nitrogen-based fertilisers to their 
paddy fields? 

1 decreased fish production in the fish pens 

2 decreased levels of oxygen in the water 

3 increased growth of algae in the fish pens 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 X is an element that has 

 

● its outer electrons in the 4th principal quantum shell, 

● a higher 1st ionisation energy than calcium. 

 

What could be the identity of X? 

1 bromine 

2 krypton 

3 xenon 

 

 

34 Methanol, CH3OH, can be produced industrially by reacting CO with H2. 

 

 CO(g)  +  2H2(g)    CH3OH(g) ∆H = –91 kJ mol
–1

 

 

The process can be carried out at 4 × 10
3 kPa and 1150 K. 

 

Which statements about this reaction are correct? 

1 Increasing the temperature will increase the rate of reaction because more effective 

collisions will occur. 

2 Lowering the temperature will reduce the rate of reaction because the forward reaction is 

exothermic. 

3 Increasing the pressure will reduce the rate of reaction because there are a larger number of 

moles on the left-hand side of the equation. 

 

 

35 Equal masses of barium carbonate and magnesium carbonate powders are mixed together. The 

mixture is then heated using a Bunsen burner flame until there is no further change. A gas is 

given off. 

 

Which statements are correct? 

1 The residue left after heating reacts with aqueous hydrochloric acid to produce carbon 

dioxide. 

2 The percentage decrease in mass after heating is 26% (to 2 significant figures). 

3 The gas given off during heating relights a glowing splint. 

 

 

!

15 

© UCLES 2016 9701/11/O/N/16 [Turn over 

34 In the manufacture of sulfuric acid, the following exothermic reaction occurs. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

Which changes will move the position of the equilibrium to the right? 

1 increasing the pressure 

2 increasing the temperature 

3 using twice as much catalyst 
 
 
35 Water is added to anhydrous aluminium chloride to make a 0.1 mol dm–3 solution. 
 

Which observations are correct? 

1 The reaction is endothermic. 

2 The solution is acidic. 

3 The solution contains the ion [Al (H2O)6]3+. 
 
 
36 Catalytic converters are used to modify exhaust emissions from motor vehicles. 
 

Which reactions occur in catalytic converters? 

1 C8H18  +  12 2
1 O2  →  8CO2  +  9H2O 

2 2NO  +  2CO  →  N2  +  2CO2 

3 NO  +  SO3  →  NO2  +  SO2 
 
 
37 Which compounds would produce a carboxylic acid and a ketone when treated with hot, 

concentrated, acidified KMnO4? 
 

1 2 3

 
 
 
38 Bromoethane reacts with NaOH in different ways depending on the solvent used. 
 

Which statements about these reactions are correct? 
 

 solvent used main organic product 

1 water ethane-1,2-diol 

2 ethanol ethene 

3 water ethanol 
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33 In this question, all gases can be assumed to behave ideally. 

 

A chemist heats a mixture of nitrogen and oxygen gases in a sealed container at a constant 

temperature until the mixture reaches a dynamic equilibrium containing N2(g), O2(g) and NO(g). 

 

N2(g)  +  O2(g)    2NO(g) 

 

The chemist repeats the experiment at the same temperature using the same initial amounts of 

N2(g) and O2(g), but at a much higher pressure. 

 

Which statements about the second experiment at higher pressure are correct? 

1 At higher pressure, there are more particles per unit volume. 

2 The composition of the equilibrium mixture does not change. 

3 There are more collisions per second so equilibrium is reached faster. 

 

 

34 An ethanol burner can be used to heat water. If appropriate measurements are taken, a value for 

the enthalpy of combustion of ethanol can be calculated. The equation 

 

heat transferred = –mc∆T 

 

is used as part of the calculation. 

 

Which symbols are correctly described? 

1 ∆T is the change in temperature of the water. 

2 m is the mass of water used in the experiment. 

3 c is the specific heat capacity of ethanol. 

 

 

!

15 

© UCLES 2016 9701/13/O/N/16 [Turn over 

34 In the manufacture of sulfuric acid, the following exothermic reaction occurs. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

Which changes will move the position of the equilibrium to the right? 

1 increasing the pressure 

2 increasing the temperature 

3 using twice as much catalyst 
 
 
35 Water is added to anhydrous aluminium chloride to make a 0.1 mol dm–3 solution. 
 

Which observations are correct? 

1 The reaction is endothermic. 

2 The solution is acidic. 

3 The solution contains the ion [Al (H2O)6]3+. 
 
 
36 Catalytic converters are used to modify exhaust emissions from motor vehicles. 
 

Which reactions occur in catalytic converters? 

1 C8H18  +  12 2
1 O2  →  8CO2  +  9H2O 

2 2NO  +  2CO  →  N2  +  2CO2 

3 NO  +  SO3  →  NO2  +  SO2 
 
 
37 Which compounds would produce a carboxylic acid and a ketone when treated with hot, 

concentrated, acidified KMnO4? 
 

1 2 3

 
 
 
38 Bromoethane reacts with NaOH in different ways depending on the solvent used. 
 

Which statements about these reactions are correct? 
 

 solvent used main organic product 

1 water ethane-1,2-diol 

2 ethanol ethene 

3 water ethanol 
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34 Which statements are correct when a reversible reaction is at equilibrium? 

1 All species are at equal concentration. 

2 The concentrations of all species remain constant. 

3 The rate of the forward reaction equals the rate of the reverse reaction. 

 

 

35 Each of the three mixtures shown can result in a chemical reaction. 

 

Which mixtures result in a redox reaction? 

1 bromine + hydrogen 

2 sodium chloride + concentrated sulfuric acid 

3 potassium iodide + silver nitrate 

 

 

36 Which statements correctly describe an oxide of nitrogen acting as an atmospheric pollutant? 

1 Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide which contributes to 

acid rain. 

2 Nitrogen dioxide reacts with sulfur dioxide to form sulfur trioxide which reacts with water to 

form sulfuric acid. 

3 Nitrogen oxides react with unburnt hydrocarbons in sunlight to form other pollutants. 

 

 

37 Polymer Z contains the length of polymer chain shown below. 

 

This short length of chain is found many times within the chains of polymer Z, although it is not 
the repeat unit. 

 

– CH2 – CHCl – CH2 – 

 

What could be the name of polymer Z? 

1 poly(2-chloropropene) 

2 poly(chloroethene) 

3 PVC 
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34 In which reactions does NH3 behave as a Brønsted-Lowry acid? 

1 2NH3  →  NH2
–  +  NH4

+ 

2 HSO4
–  +  NH3  →  SO4

2–  +  NH4
+ 

3 Ag+  +  2NH3  →  [Ag(NH3)2]
+ 

 
 
35 Chlorine reacts with hot aqueous sodium hydroxide. 
 

Which oxidation states does chlorine show in the products of this reaction? 

1 –1 

2 +3 

3 +1 
 
 
36 In which different forms does nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 in an oxidation state of +5 
 
 
37 Poly(ethene) and PVC are examples of addition polymers. 
 

Which statements are correct? 

1 On combustion, PVC can produce carbon monoxide, carbon dioxide and hydrogen chloride. 

2 When poly(ethene) is buried in a landfill site, it will not significantly biodegrade. 

3 The empirical formula of an addition polymer is the same as that of the monomer. 
 
 
38 Organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 
 

What could X be? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo-2-methylpropane 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Compound Q contains 40% carbon by mass. 
 

What could Q be? 

1 glucose, C6H12O6 

2 starch, (C6H10O5)n 

3 sucrose, C12H22O11 
 
 
32 A container is partially filled with hot water, sealed and left to cool. 
 

Which statements are correct? 

1 As the temperature decreases, water molecules lose kinetic energy. 

2 As the temperature decreases, more water molecules move from vapour to liquid. 

3 As the temperature decreases, the vapour pressure of the water decreases. 
 
 
33 Ammonia and chlorine react together in the gas phase. 
 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 
 

Which statements are correct? 

1 Ammonia behaves as a reducing agent. 

2 Ammonia behaves as a base. 

3 The oxidation number of hydrogen changes. 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Complete combustion of a sample of a hydrocarbon gave 0.132 g of carbon dioxide and 0.054 g 

of water. 
 

Which formulae could correctly represent this hydrocarbon? 

1 CH2=CH2 

2 CH3CH=CH2 

3 CH3CH=CHCH3 
 
 
32 Which statements are correct? 

1 Magnesium carbonate decomposes at a lower temperature than calcium carbonate. 

2 Calcium hydroxide is more soluble in water than magnesium hydroxide. 

3 Calcium is a stronger reducing agent than magnesium. 
 
 
33 Ammonia and chlorine react as shown. 
 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 
 

Which statements are correct? 

1 Each nitrogen atom is oxidised. 

2 Each chlorine atom is reduced. 

3 Ammonia behaves as a base. 
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 (c)  At temperatures above 1500 K, HCl will decompose.

  A sample of 0.300 mol of HCl decomposed in a sealed container.

  The resulting equilibrium mixture was found to contain 1.50 = 10–2 mol of Cl 2.

 (i)  Calculate the amounts, in mol, of H2 and HCl present in the equilibrium mixture.

H2 = .............................. mol

HCl = .............................. mol
[2]

 (ii)  Calculate the mole fraction of each gas in the equilibrium mixture.

mole fraction of HCl = ..............................

mole fraction of H2 = ..............................

mole fraction of Cl 2  = ..............................
[1]

 (d)  In another experiment under different conditions, an equilibrium mixture was produced with 
mole fractions for each species as shown.

species mole fraction

HCl 0.88

H2 0.06

Cl 2 0.06

 (i)  Write the expression for the equilibrium constant, Kp, for the decomposition of HCl.

2HCl (g)    H2(g)  +  Cl 2(g)

 Kp =

[1]
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 (b)  The equation for the preparation of hydrogen chloride using concentrated sulfuric acid is 
shown.

H2SO4  +  NaCl    NaHSO4  +  HCl

 (i)  Use the Brønsted-Lowry theory of acids and bases to identify the base and its conjugate 
acid in this reaction. Explain your answer.

 Brønsted-Lowry base (base-I) =  .........................................................................................

 conjugate acid (acid-II) =  ....................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................
[2]

 (ii)  Explain why the reaction of concentrated sulfuric acid and sodium iodide is not suitable for 
the preparation of hydrogen iodide.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

!
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 (ii)  Explain why the total pressure of the system does not need to be known for Kp to be 
calculated for this experiment.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (iii)  Calculate the value of Kp for this experiment.

Kp = ..............................  [1]

[Total: 18]
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 (c)  Hydrogen chloride undergoes a reversible reaction with oxygen.

4HCl (g)  +  O2(g)    2Cl 2(g)  +  2H2O(g)

  The reaction is carried out at 400 $C in the presence of a copper(II) chloride catalyst.

 (i)  Use the data in the table to calculate the overall enthalpy change of reaction.

compound enthalpy change of
formation / kJ mol–1

HCl (g) –92

H2O(g) –242

enthalpy change of reaction = .............................. kJ mol–1  [2]

 (ii)  State the type of catalyst used in this reaction. Explain how a catalyst is able to increase 
the rate of a chemical reaction.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  The reaction exists in dynamic equilibrium.

  The reaction was repeated at 1000 $C and the same pressure.

  State and explain the effect on the composition of the equilibrium mixture of the change in 
temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (iv)  When 1.60 mol of HCl are mixed in a sealed container with 0.500 mol of O2 at 400 $C, 
0.600 mol of Cl 2 and 0.600 mol of H2O are formed.

  The total pressure inside the container is 1.50 = 105 Pa.

� Ɣ� �&DOFXODWH�WKH�DPRXQWV��LQ�PRO��RI�+&l and O2 in the equilibrium mixture.

HCl = ..............................  mol

O2 = ..............................  mol

� Ɣ� �&DOFXODWH� WKH� PROH� IUDFWLRQ� RI� &l 2 and hence the partial pressure of Cl 2 in the 
equilibrium mixture.

mole fraction of Cl 2 = .....................................

pCl 2
 = ..............................  Pa

[3]
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 (v)  In a separate experiment, an equilibrium reaction mixture was found to contain the four 
gases at the partial pressures shown in the table.

gas HCl O2 Cl 2 H2O

partial pressure / Pa 4.8 = 104 3.0 = 104 3.6 = 104 3.6 = 104

Kp =
(pCl 2

)2 = (pH2O
)2

(pHCl )4 = pO2

  Use this information and the expression given for Kp to calculate a value for Kp. State the 
units of Kp.

Kp = ..............................

units = ..............................
[2]

 (vi)  The reaction is repeated without a catalyst.

  State the effect of this on Kp.

  .......................................................................................................................................  [1]

[Total: 22]

CEDAR COLLEGE EQUILIBRIA WS 2



 102

3

!

!

2

9701/21/O/N/17© UCLES 2017

Answer all the questions in the spaces provided.

1  Ammonia, NH3, is manufactured from nitrogen and hydrogen by the Haber process.

 N2(g)  +  3H2(g)    2NH3(g) ΔH = –92 kJ mol–1 

 (a)  Some bond energies are given.

	 N≡N	=	944	kJ	mol–1

	 H–H	=	436	kJ	mol–1

 (i)  Explain the meaning of the term bond energy.

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Use the data to calculate a value for the N–H bond energy.
  You must show your working.

N–H bond energy = .............................. kJ mol–1  [2]

 (b)	 	The	Haber	 process	 is	 usually	 carried	 out	 at	 a	 temperature	 of	 approximately	 400	°C in the 
presence of a catalyst. Changing the temperature affects both the rate of production of 
ammonia and the yield of ammonia.

	 	The	Boltzmann	distribution	for	a	mixture	of	nitrogen	and	hydrogen	at	400	°C is shown.
  Ea represents the activation energy for the reaction.

proportion
of molecules
with a given
energy

molecular energy
Ea

 (i)  Using the same axes, sketch a second curve to indicate the Boltzmann distribution at a 
higher temperature. [2]

3
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 (ii)  With reference to the Boltzmann distribution, state and explain the effect of increasing 
temperature on the rate of production of ammonia.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (iii)  State and explain the effect of increasing temperature on the yield of ammonia.
  Use Le Chatelier’s principle to explain your answer.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (c)	 	At	a	pressure	of	2.00	×	107	Pa,	1.00	mol	of	nitrogen,	N2(g),	was	mixed	with	3.00	mol	of	hydrogen,	
H2(g).	The	final	equilibrium	mixture	formed	contained	0.300	mol	of	ammonia,	NH3(g).

 (i)  Calculate the amounts, in mol, of N2(g) and H2(g) in the equilibrium mixture.

N2(g) = .............................. mol

H2(g) = .............................. mol
[2]

 (ii)  Calculate the partial pressure of ammonia, pNH3, in the equilibrium mixture.

  Give your answer to three	significant	figures.

pNH3 = .............................. Pa  [3]
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 (d)  In another equilibrium mixture the partial pressures are as shown.

substance partial pressure / Pa

N2(g) 2.20	×	106

H2(g) 9.62	×	105

NH3(g) 1.40	×	104

 (i)  Write the expression for the equilibrium constant, Kp, for the production of ammonia from 
nitrogen and hydrogen.

 Kp =

[1]

 (ii)  Calculate the value of Kp for this reaction.

  State the units.

Kp = ..............................

units = ..............................
[2]

 (iii)  This reaction is repeated with the same starting amounts of nitrogen and hydrogen. The 
same temperature is used but the container has a smaller volume.

  State the effects, if any, of this change on the yield of ammonia and on the value of Kp.

 effect on yield of ammonia  ..................................................................................................

 effect on value of Kp  ............................................................................................................
[2]

[Total: 22]
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2  At 450 K phosphorus(V) chloride, PCl 5(g), decomposes to form phosphorus(III) chloride, PCl 3(g), 
and chlorine, Cl 2(g). A dynamic equilibrium is established as shown.

 PCl 5(g)    PCl 3(g)  +  Cl 2(g) ΔH = +124 kJ mol–1

 (a)  The enthalpy change of formation of PCl 3(g) under these conditions is given.

ΔHf PCl 3(g) = –320 kJ mol–1

  Calculate the enthalpy change of formation of PCl 5(g) under these conditions.

  Include a sign with your answer.

enthalpy change = .............................. kJ mol–1  [1]

 (b) (i)  State and explain the effect of increasing temperature on the rate of decomposition of 
PCl 5(g).

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  State and explain the effect of increasing temperature on the percentage of PCl 5(g) that 
decomposes.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (c)  Explain the meaning of the term dynamic equilibrium and the conditions necessary for it to 
become established.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]
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 (d)  When 2.00 mol of PCl 5(g) are decomposed at 450 K and 1.00 × 105 Pa the resulting equilibrium 
mixture contains 0.800 mol of Cl 2(g).

 (i)  Calculate the partial pressure of phosphorus(V) chloride, pPCl 5, in this equilibrium mixture.

pPCl 5 = .............................. Pa  [2]

 (ii)  Write the expression for the equilibrium constant, Kp, for the decomposition of PCl 5(g).

 Kp =

[1]

 (iii)  The partial pressures of PCl 3(g) and of Cl 2(g) in this equilibrium mixture are both 
2.86 × 104 Pa.

  Calculate the value of Kp and state its units.

Kp = ..............................

units = ..............................
[2]

[Total: 12]
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 (c)  Hydrogen chloride undergoes a reversible reaction with oxygen.

4HCl (g)  +  O2(g)    2Cl 2(g)  +  2H2O(g)

  The reaction is carried out at 400 °C in the presence of a copper(II) chloride catalyst.

 (i)  Use the data in the table to calculate the overall enthalpy change of reaction.

compound enthalpy change of
formation / kJ mol–1

HCl (g) –92

H2O(g) –242

enthalpy change of reaction = .............................. kJ mol–1  [2]

 (ii)  State the type of catalyst used in this reaction. Explain how a catalyst is able to increase 
the rate of a chemical reaction.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  The reaction exists in dynamic equilibrium.

  The reaction was repeated at 1000 °C and the same pressure.

  State and explain the effect on the composition of the equilibrium mixture of the change in 
temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (c)  Hydrogen chloride undergoes a reversible reaction with oxygen.

4HCl (g)  +  O2(g)    2Cl 2(g)  +  2H2O(g)

  The reaction is carried out at 400 °C in the presence of a copper(II) chloride catalyst.

 (i)  Use the data in the table to calculate the overall enthalpy change of reaction.

compound enthalpy change of
formation / kJ mol–1

HCl (g) –92

H2O(g) –242

enthalpy change of reaction = .............................. kJ mol–1  [2]

 (ii)  State the type of catalyst used in this reaction. Explain how a catalyst is able to increase 
the rate of a chemical reaction.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  The reaction exists in dynamic equilibrium.

  The reaction was repeated at 1000 °C and the same pressure.

  State and explain the effect on the composition of the equilibrium mixture of the change in 
temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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  The equation for this stage of the Contact Process is shown.

 2SO2(g)  +  O2(g)    2SO3(g) 6H = –196 kJ mol–1

 (d) (i)  State and explain the effect of increasing temperature on the rate of production of SO3.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (ii)  State and explain the effect of increasing temperature on the yield of SO3.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (e)  The SO3 produced is conYerted to sulIuric acid in tZo stages. ,n tKe ¿rst stage tKe 623 is 
reacted with concentrated sulfuric acid to produce oleum, H2S2O7.

  The oleum is then reacted with water to form sulfuric acid.

  Suggest an equation for the reaction of oleum, H2S2O7, with water to form sulfuric acid.

  ..............................................................................................................................................  [1]
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 (d)  2.00 moles of SO2(g) and 2.00 moles of O2(g) are sealed in a container with a suitable catalyst, 
at constant temperature and pressure. The resulting equilibrium mixture contains 1.98 moles 
of SO3(g).

  The total volume of the equilibrium mixture is 40.0 dm3.

2SO2(g)  +  O2(g)    2SO3(g)

 (i)  Write the expression for the equilibrium constant, Kc, for the reaction between SO2(g) and 
O2(g) to produce SO3(g).

 Kc =

 [1]

 (ii)  Calculate the amount, in moles, of SO2(g) and O2(g) in the equilibrium mixture.

 SO2(g) = .............................. mol

 O2(g) = .............................. mol
 [2]

 (iii)  Use your answers to (d)(i) and (d)(ii) to calculate the value of Kc for this equilibrium mixture.
  Give the units of Kc.

 Kc = ..............................

 units = ..............................
 [3]

 [Total: 22]
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 (ii)  With reference to the Boltzmann distribution, state and explain the effect of increasing 
temperature on the rate of production of ammonia.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (iii)  State and explain the effect of increasing temperature on the yield of ammonia.
  Use Le Chatelier’s principle to explain your answer.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (c)  $t a pressure oI �.�� × ��7 3a, �.�� Pol oI nitrogen, 12�g�, Zas Pi[ed ZitK �.�� Pol oI K\drogen, 
H2�g�. 7Ke ¿nal eTuiliEriuP Pi[ture IorPed contained �.��� Pol oI aPPonia, 1+3(g).

 (i)  Calculate the amounts, in mol, of N2(g) and H2(g) in the equilibrium mixture.

N2(g) = .............................. mol

H2(g) = .............................. mol
[2]

 (ii)  Calculate the partial pressure of ammonia, pNH3, in the equilibrium mixture.

  Give your answer to three signi¿cant ¿gures.

pNH3 = .............................. Pa  [3]
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 (d)  In another equilibrium mixture the partial pressures are as shown.

substance partial pressure / Pa

N2(g) �.�� × ���

H2(g) �.�� × ��5

NH3(g) �.�� × ���

 (i)  Write the expression for the equilibrium constant, Kp, for the production of ammonia from 
nitrogen and hydrogen.

 Kp =

[1]

 (ii)  Calculate the value of Kp for this reaction.

  State the units.

Kp = ..............................

units = ..............................
[2]

 (iii)  This reaction is repeated with the same starting amounts of nitrogen and hydrogen. The 
same temperature is used but the container has a smaller volume.

  State the effects, if any, of this change on the yield of ammonia and on the value of Kp.

 effect on yield of ammonia  ..................................................................................................

 effect on value of Kp  ............................................................................................................
[2]

[Total: 22]
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2  At 450 K phosphorus(V) chloride, PCl 5(g), decomposes to form phosphorus(III) chloride, PCl 3(g), 
and chlorine, Cl 2(g). A dynamic equilibrium is established as shown.

 PCl 5(g)    PCl 3(g)  +  Cl 2(g) 6H = +124 kJ mol–1

 (a)  The enthalpy change of formation of PCl 3(g) under these conditions is given.

6Hf PCl 3(g) = –320 kJ mol–1

  Calculate the enthalpy change of formation of PCl 5(g) under these conditions.

  Include a sign with your answer.

enthalpy change = .............................. kJ mol–1  [1]

 (b) (i)  State and explain the effect of increasing temperature on the rate of decomposition of 
PCl 5(g).

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  State and explain the effect of increasing temperature on the percentage of PCl 5(g) that 
decomposes.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (c)  Explain the meaning of the term dynamic equilibrium and the conditions necessary for it to 
become established.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]
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 (d)  When 2.00 mol of PCl 5(g) are decomposed at 450 K and 1.00 × 105 Pa the resulting equilibrium 
mixture contains 0.800 mol of Cl 2(g).

 (i)  Calculate the partial pressure of phosphorus(V) chloride, pPCl 5, in this equilibrium mixture.

pPCl 5 = .............................. Pa  [2]

 (ii)  Write the expression for the equilibrium constant, Kp, for the decomposition of PCl 5(g).

 Kp =

[1]

 (iii)  The partial pressures of PCl 3(g) and of Cl 2(g) in this equilibrium mixture are both 
2.86 × 104 Pa.

  Calculate the value of Kp and state its units.

Kp = ..............................

units = ..............................
[2]

[Total: 12]
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7 When heated, solid iodine readily forms iodine vapour.

What does this information suggest about the nature of the particles in these two physical states
of iodine?

solid vapour

A ionic atomic

B ionic molecular

C molecular atomic

D molecular molecular

8 Which statement about the standard enthalpy change of formation of carbon dioxide is correct?

A It is equal to the standard enthalpy change of combustion of carbon.

B It is equal to twice the bond energy of the C=O bond.

C It is the energy released when one mole of carbon dioxide is formed from carbon at the
temperature of combustion of the carbon.

D It is the same for carbon dioxide produced from graphite and from diamond.

9 Use of the Data Booklet is relevant to this question.

Hydrazine was used as a fuel for the Messerschmidt 163 rocket fighter in World War II and for the
American Gemini and Apollo spacecraft.  It has the following formula.

What is the enthalpy change of atomisation of 1 mol of gaseous hydrazine?

A 550 kJ 

B 1720 kJ 

C 1970 kJ 

D 2554 kJ 

10 For which equilibrium does Kc have no units?

A C(s) + H2O(g)         CO(g) + H2(g)

B CH3OH(l) + CH3CO2H(l)         CH3CO2CH3(l) + H2O(l)

C Cu2+(aq) + 4NH3(aq)         Cu(NH3)4
2+(aq)

D N2O4(g)         2NO2(g)

N N

H

H

H

H
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10 Titanium occurs naturally as the mineral rutile, TiO
2
. One possible method of extraction of 

titanium is to reduce the rutile by heating with carbon. 

 

TiO
2
(s) + 2C(s) → Ti(s) + 2CO(g) 

 

The standard enthalpy changes of formation of TiO
2
(s) and CO(g) are –940 kJ mol

–1

 and  

–110 kJ mol
–1

 respectively. 

 

What is the standard enthalpy change of this reaction? 

A –830 kJ mol
–1

 

B –720 kJ mol
–1

 

C +720 kJ mol
–1

 

D +830 kJ mol
–1

 

 

 

11 For the reaction 

 

W(aq) + 2X(aq)  2Y(aq) + 3Z(aq) 

 

what are the correct units for the equilibrium constant K
c
? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
–1 dm

3

 D mol
–2 dm

6

 

 

 

 

4 
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7  An exothermic chemical reaction proceeds by two stages. 

 

reactants intermediate products
stage 1 stage 2

 

 

The activation energy of stage 1 is 50 kJ mol
–1

. The overall enthalpy change of reaction is 

–100 kJ mol
–1

. 

 

Which diagram represents the reaction pathway for this reaction? 

 

A

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

B

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

C

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

D

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

 

 

 

8  Skiers trapped by snowstorms use heat packs to keep warm. The heat may be generated by the 

reaction below. 

 

4Fe(s) + 3O2 (g) → 2Fe2 O3 (s) ; ∆HO = –1648 kJ
 

 

What is the standard enthalpy change of formation of iron(III) oxide? 

A 0 kJ mol
–1

 

B –824 kJ mol
–1

 

C –1648 kJ mol
–1

 

D –3296 kJ mol
–1

 

 

 

9  Two equilibria are shown below. 

 

reaction I 2X2 (g) + Y2 (g)  2X2 Y(g) 

reaction II X2 Y(g)  X2 (g) + )g(
2

1

!
!  

 

The numerical value of K
c
 for reaction I is 2. 

 

Under the same conditions, what is the numerical value of K
c
 for reaction II? 

A 

2

1
 B 

2

1
 C 

4

1
 D –2 
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8 When ammonia is converted into nitric acid on a commercial scale, the following reactions can
occur.

In which reaction does the greatest change in oxidation number of the nitrogen occur?

9 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process
for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al2O3, and
cryolite, Na3AlF6.

What is the main purpose of the cryolite?

A Al2O3 is covalent, and AlF ions interact with it to produce Al3+ ions which can be 
discharged at the cathode.

B Cryolite is a base, forming NaAlO2 with bauxite, enabling aluminium to be discharged at the
anode.

C Cryolite reduces the melting point of the bauxite.

D Cryolite minimises the release of O2– ions at the graphite anodes, which are otherwise burnt
away to CO.

10 When 0.20 mol of hydrogen gas and 0.15 mol of iodine gas are heated at 723 K until equilibrium is
established, the equilibrium mixture is found to contain 0.26 mol of hydrogen iodide.

The equation for the reaction is as follows.

H2(g) + I2(g)         2HI(g)

What is the correct expression for the equilibrium constant Kc?

A

B

C

D (0.26)2
–––––––––
0.13 x 0.13

(0.26)2
–––––––––
0.07 x 0.02

(2 x 0.26)2
–––––––––
0.20 x 0.15

2 x 0.26–––––––––
0.20 x 0.15

3–
6

reaction

A 4NH3 + 5O2 → 4NO + 6H2O

B 3NO2 + H2O → 2HNO3 + NO

C 2NO + O2 → 2NO2

D 4NH3 + 6NO → 5N2 + 6H2O
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11 A dimer, X, is stable when solid but a dynamic equilibrium is set up in solution. 

 

X(aq)  2Y(aq) 

 

A solution of X has an initial concentration of 0.50 mol dm
–3

. When equilibrium has been reached 

[X(aq)] has fallen to 0.25 mol dm
–3

. 

 

The changes in [X(aq)] and [Y(aq)] are plotted against time until equilibrium is reached. The value 

of Kc is then calculated. 

 

Which graph and value for Kc are correct? 

 

A 1

Kc / mol dm–3graph

0.5
0.4
0.3
0.2
0.1

0
0 time

X

Y

B
2

0.5
0.4
0.3
0.2
0.1

0
0 time

X

Y

C

1
0.5
0.4
0.3
0.2
0.1

0
0 time

X

Y

X

Y

D

20.5
0.4
0.3
0.2
0.1

0
0 time

concentration
/ mol dm–3

concentration
/ mol dm–3

concentration
/ mol dm–3

concentration
/ mol dm–3
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7  What are the lattice structures of solid diamond, iodine and silicon(IV) oxide? 

 

 giant molecular simple molecular 

A diamond, silicon(IV) oxide iodine 

B diamond, iodine silicon(IV) oxide 

C iodine diamond, silicon(IV) oxide 

D silicon(IV) oxide diamond, iodine 

 

 

8  Which equation represents the standard enthalpy change of atomisation of bromine? 

A Br2(l) → 2Br(g) 

B Br2(g) → 2Br(g) 

C 
1

2

Br2(l) → Br(g) 

D 
1

2

Br2(g) → Br(g) 

 

 

9  In an experiment, 50.0 cm
3 

of a 0.10 mol dm
–3

 solution of a metallic salt reacted exactly with     

25.0 cm
3

 of 0.10 mol dm
–3

 aqueous sodium sulphite. 

 

The half-equation for oxidation of sulphite ion is shown below. 

 

SO
−2

3
(aq) + H2O(I) → SO

−2

4
(aq) + 2H

+

(aq) + 2e
–

 

 

If the original oxidation number of the metal in the salt was +3, what would be the new oxidation 

number of the metal? 

A +1 B +2 C +4 D +5 

 

 

10  Nitrogen dioxide decomposes on heating according to the following equation. 

 

2NO2(g)  2NO(g) + O2(g) 

 

When 4 mol of nitrogen dioxide were put into a 1 dm
3

 container and heated to a constant 

temperature, the equilibrium mixture contained 0.8 mol of oxygen. 

 

What is the value of the equilibrium constant, K
c
, at the temperature of the experiment? 

A 
2

2

4

8.08.0 ×

 B 
2

4.2

8.06.1 ×

 C 
2

2

4

8.06.1 ×

 D 
2

2

4.2

8.06.1 ×
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8  Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 

 

4C(s) + 5H2(g) → C4H10(g) 

 

By using the following standard enthalpy of combustion data, what is the value of the standard 

enthalpy change of formation,        , for this reaction? 

 

compound 
o

 

carbon –394 

hydrogen –286 

butane –2877 

 

A –5883 kJ mol
–1

 

B –129 kJ mol
–1

 

C +129 kJ mol
–1

 

D +2197 kJ mol
–1

 

 

 

9  In a calorimetric experiment 1.60 g of a fuel is burnt. 45 % of the energy released is absorbed by  

200 g of water whose temperature rises from 18 °C to 66 °C. The specific heat capacity of water is 

4.2 J g–1 K–1

. 

 

What is the total energy released per gram of fuel burnt? 

A 25 200 J B 56 000 J C 89 600 J D 143 360 J 

 

 

10  The value of the equilibrium constant, K
c
, for the reaction to form ethyl ethanoate from ethanol 

and ethanoic acid is 4.0 at 60 °C. 

 

C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O 

 

When 1.0 mol of ethanol and 1.0 mol of ethanoic acid are allowed to reach equilibrium at 60 °C, 

what is the number of moles of ethyl ethanoate formed? 

A 

3

1
 B 

3

2
 C 

4

1
 D 

4

3
 

 

 

11 Which equation represents the change corresponding to the enthalpy change of atomisation of 

iodine? 

A 
2

1

I2(g) → I(g) 

B I2(g) → 2I(g) 

C 
2

1

I2(s) → I(g) 

D I2(s) → 2I(g) 

 

 

4 
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8  In the conversion of compound X into compound Z, it was found that the reaction proceeded by 

way of compound Y, which could be isolated. The following steps were involved. 

 

X → Y ; ∆H, positive 

Y → Z ; ∆H, negative 

 

Which reaction profile fits these data? 

 

e
n

e
rg

y

progress of
reaction

A

e
n

e
rg

y

progress of
reaction

B

e
n

e
rg

y

progress of
reaction

C

e
n

e
rg

y

progress of
reaction

D

X

Y

Z

X

Y

Z

Y

Z

X

X

Y Z

 

 

 

9  The nickel-cadmium rechargeable battery is based upon the following overall reaction. 

 

Cd + 2NiOOH + 4H2 O → Cd(OH)2  + 2Ni(OH)2 .H2 O 

 

What is the oxidation number of nickel at the beginning and at the end of the reaction? 

 

 beginning end 

A +1.5 +2 

B +2 +3 

C +3 +2 

D +3 +4 

 

 

10  At a total pressure of 1.0 atm, dinitrogen tetraoxide is 50 % dissociated at a temperature of 60 o C, 

according to the following equation. 

 

N2 O4   2NO2  

 

What is the value of the equilibrium constant, K
p
, for this reaction at 60 o C? 

A 
1

/3  atm B 
2

/3  atm C 
4

/3  atm D 2 atm 

 

 

 

5
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10 At 600 °C oxides of nitrogen react with unburnt hydrocarbons in a catalytic converter in a car
exhaust. The equation using methane as representative of a hydrocarbon molecule would be as
follows.

4NO  +  CH4 → 2N2 +  CO2 +  2H2O

Which statement is likely to be true about the energy change of this reaction?

A It is endothermic as heat energy is converted into chemical energy.

B It is exothermic as a high temperature is required.

C It is exothermic as the triple bond N O is broken.  

D It is exothermic as the products have large negative enthalpy changes of formation.

11 In an experiment, b mol of hydrogen iodide were put into a sealed vessel under pressure p. At
equilibrium, x mol of the hydrogen iodide had dissociated, the reaction being represented by the
following equation.

2HI(g)       H2(g)  +  I2(g)

Which expression for Kp is correct?

A

B

C

D

12 A piece of zinc foil dissolved completely in 20 cm3 of a dilute sulphuric acid solution and the
volume of hydrogen evolved was noted at equal, short time intervals. Another piece of zinc foil of
the same surface area and mass was added to 40 cm3 of the same solution of dilute sulphuric
acid.

How will the initial rate of reaction and the total volume of hydrogen evolved in this second
experiment compare to the first experiment?

initial rate of reaction total volume of hydrogen evolved

A no change decrease

B no change no change

C increase no change

D increase increase

x 2______
4(b – x)2

x 2p2_______
4b(b – x)

x 2p2______
(b – x)2

x 2______
(b – x)2

____
←

 

4  
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9  The diagram represents the reaction pathway for the following reaction. 

 

W(g) + X(g) → Y(g) + Z(g) 

 

energy

W + X

Y + Z

reaction pathway
 

 

What statement can be made about the reverse reaction, Y(g) + Z(g) → W(g) + X(g)? 

A It will have a larger activation energy and a positive ∆H. 

B It will have a larger activation energy and a negative ∆H. 

C It will have a smaller activation energy and a positive ∆H. 

D It will have a smaller activation energy and a negative ∆H. 

 

 

10  For the equilibrium 2SO2(g) + O2(g)  2SO3(g), what will change the value of K
p
? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

11 Dinitrogen tetroxide dissociates into nitrogen dioxide on heating. 

  

N2O4(g)  2NO2(g) 

 

In an experiment the partial pressures of the gases at equilibrium were found to be NO2, 0.33 atm; 

N2O4, 0.67 atm. 

 

What is the numerical value of K
p
 at the temperature of the experiment? 

A 0.16 B 0.49 C 0.65 D 2.03 
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10 When vanadium(II) compounds are dissolved in water, the following equilibrium is established.

V 2+

 + H2O        V 3+

 + 
2

H

2

1
+ OH

–

What would alter the composition of the equilibrium mixture in favour of the V 2+

 ions?

A adding an acid

B adding a reagent that selectively precipitates V
3+

 ions

C allowing the hydrogen to escape as it forms

D making the solution more alkaline

11 In an industrial process, two gases X and Y react together to form a single gaseous product Z.

X (g) + Y (g)        Z (g)

The percentage yield of product Z varies according to the pressure and the temperature as

shown in the graphs.

100

90

80

70

60

50

40

30

20

10

0
25 100 200 300 400

pressure / atm

equilibrium % of Z

773 K

673 K

573 K

473 K
373 K

Which statement about this equilibrium reaction is correct?

A Decreasing the temperature decreases the value of the equilibrium constant.

B Decreasing the temperature increases the rate of this reaction.

C Increasing the pressure increases the value of the equilibrium constant.

D The reaction is exothermic in the forward direction.

 

4 
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8 Use of the Data Booklet is relevant to this question. 

 

 Which expression gives the pressure exerted by 1.6 x 10
– 3 mol of N2 in a container of volume 

 3.0 dm
3

 at 273 oC? 

 A 
6

3

10 x 3.0

273 x 8.31x   x101.6

−

−

 Pa 

 B 
6

3

10 x 3.0

)273 273( x 8.31x 10 x 1.6  
−

−

+

 Pa 

 C 
3

 

3

10 x 3.0

273 x 8.31x 10 x 1.6

−

−

 Pa 

 D 
3

3

10 x 3.0

)273 273( 
 

 x8.31x 10 x 1.6

−

−

+

 Pa 

 

 

9 Which of these compounds, on complete combustion of one mole, will release the greatest 

amount of energy? 

 A CH3CH2CH2OH 

 B CH3CH2CH3 

 C CH3CH2CO2H 

 D CH3COCH3 

 

 

10 At high temperatures, steam decomposes into its elements according to the following equation. 

 

2H2O(g)        2H2(g) + O2(g) 

 

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into 

hydrogen and oxygen. 

 

What are the values of the equilibrium partial pressures, in atm, of the components of this 

equilibrium? 

 

 
partial pressure 

of steam 

partial pressure 

of hydrogen 

partial pressure 

of oxygen 

A 
1.0

1x0.80
 

1.0

1x0.10
 

1.0

1x0.10
 

B 
1.0

1x0.80
 

1.0

1x0.133
 

1.0

1x0.067
 

C 
1.0

1x0.80
 

1.0

1x0.20
 

1.0

1x0.10
 

D 
1.1

1x0.80
 

1.1

1x0.20
 

1.1

1x0.10
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9  The diagram represents the reaction pathway for the following reaction. 

 

W(g) + X(g) → Y(g) + Z(g) 

 

energy

W + X

Y + Z

reaction pathway
 

 

What statement can be made about the reverse reaction, Y(g) + Z(g) → W(g) + X(g)? 

A It will have a larger activation energy and a positive ∆H. 

B It will have a larger activation energy and a negative ∆H. 

C It will have a smaller activation energy and a positive ∆H. 

D It will have a smaller activation energy and a negative ∆H. 

 

 

10  For the equilibrium 2SO2(g) + O2(g)  2SO3(g), what will change the value of K
p
? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

11 Dinitrogen tetroxide dissociates into nitrogen dioxide on heating. 

  

N2O4(g)  2NO2(g) 

 

In an experiment the partial pressures of the gases at equilibrium were found to be NO2, 0.33 atm; 

N2O4, 0.67 atm. 

 

What is the numerical value of K
p
 at the temperature of the experiment? 

A 0.16 B 0.49 C 0.65 D 2.03 

 

 

 

5 
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11 Which statement concerning the equilibrium reaction below is true? 

 

(aq)2H(aq)2CrO

_
2

4

+

+       O(l)H(aq)OCr
2

_
2

72
+  

 

A An increase in acid concentration will result in an increase in the concentration of 

(aq).OCr

_
2

72
 

B A redox reaction is taking place. 

C The addition of a catalyst will result in an increase in the concentration of (aq)OCr

_
2

72
. 

D The equilibrium constant, Kc, has no units. 
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10  An experiment is set up to measure the rate of hydrolysis of methyl ethanoate. 

 

CH3CO2CH3 + H2O  CH3CO2H + CH3OH 

 

The hydrolysis is found to be slow in neutral aqueous solution but it proceeds at a measurable 

rate when the solution is acidified with hydrochloric acid. 

 

What is the function of the hydrochloric acid? 

A to dissolve the methyl ethanoate 

B to ensure that the reaction reaches equilibrium 

C to increase the reaction rate by catalytic action 

D to suppress ionisation of the ethanoic acid formed 

 

 

11 The distribution of molecular kinetic energies within a gas at temperature T1 and T2 are shown in 

the diagram. 

 

fraction of
total molecules

T2 > T1

Ea = activation energy

0
0 kinetic energy

Ea

T1

T2

 

 

Which statement correctly explains why a small increase in temperature leads to a significant 

increase in the rate of a gaseous reaction? 

A The frequency of collisions between molecules is greater at a higher temperature. 

B The activation energy of the reaction is less when the gases are at a higher temperature. 

C The frequency of collisions between molecules with kinetic energy greater than the activation 

energy is greater at higher temperature. 

D The proportion of molecules with more kinetic energy than the activation energy is lower at a 

higher temperature. 

 

 

 

4  
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1

 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 

 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3

 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3

 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 

 

 

 

8  
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15  Which graph correctly describes a trend found in the halogen group? 

 

 [X represents a halogen atom.] 

 

bond
length

in X2

Cl2 Br2 I2

A

strength of
van der Waals'

forces

Cl2 Br2 I2

B

boiling
point
of X2

Cl2 Br2 I2

C

bond
energy

of HX

HCl HBr HI

D

 

 

 

16  During electrolysis of brine in a diaphragm cell, chlorine, hydrogen and sodium hydroxide are 

produced.  

 

What is the molar ratio of these products? 

 

 chlorine hydrogen sodium hydroxide 

A 1 1 1 

B 1 1 2 

C 2 1 1 

D 2 2 1 

 

 

17  When sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process, 

which condition affects the value of the equilibrium constant, K
c
? 

A adjusting the temperature 

B adjusting the pressure 

C using a catalyst 

D removing SO3 from the equilibrium mixture 

 

 

 

5 
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8 The equilibrium 

 

N2 (g) + O2 (g)  2NO(g) ∆H = +180 kJ mol
–1

 

 

contributes to a series of reactions producing photochemical smog. 

 

Which factors would affect the value of K
p
 of the above equilibrium? 

 

 
change in 

pressure 

change in 

temperature 

presence or absence 

of a catalyst 

A ✓ ✓ ✗ 

B ✓ ✗ ✓ 

C ✗ ✓ ✓ 

D ✗ ✓ ✗ 

 

 

9 PCl5  dissociates as follows. 

 

PCl5 (g) → PCl3(g) + Cl2 (g) 

 

The extent of dissociation is 13 % at 160 °C and 100 % at 300 °C. 

 

Which pair of statements about this formation of PCl3 is correct? 

 

 shape of PCl
3
 molecule the reaction is 

A pyramidal endothermic 

B pyramidal exothermic 

C trigonal endothermic 

D trigonal exothermic 
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8 The equilibrium 

 

N2 (g) + O2 (g)  2NO(g) ∆H = +180 kJ mol
–1

 

 

contributes to a series of reactions producing photochemical smog. 

 

Which factors would affect the value of K
p
 of the above equilibrium? 

 

 
change in 

pressure 

change in 

temperature 

presence or absence 

of a catalyst 

A ✓ ✓ ✗ 

B ✓ ✗ ✓ 

C ✗ ✓ ✓ 

D ✗ ✓ ✗ 

 

 

9 PCl5  dissociates as follows. 

 

PCl5 (g) → PCl3(g) + Cl2 (g) 

 

The extent of dissociation is 13 % at 160 °C and 100 % at 300 °C. 

 

Which pair of statements about this formation of PCl3 is correct? 

 

 shape of PCl
3
 molecule the reaction is 

A pyramidal endothermic 

B pyramidal exothermic 

C trigonal endothermic 

D trigonal exothermic 

 

 

 

5 
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10 The dissociation of dinitrogen tetraoxide into nitrogen dioxide is represented by the equation 

below. 

 

N2O4(g)  2NO2(g);  ∆H o = +57 kJ mol –1

 

 

If the temperature of an equilibrium mixture of the gases is increased at constant pressure, will 

the volume of the mixture increase or decrease and why? 

A The volume will increase, but only because of a shift of equilibrium towards the right. 

B The volume will increase, both because of a shift of equilibrium towards the right and also 

because of thermal expansion. 

C The volume will stay the same, because any thermal expansion could be exactly 

counteracted by a shift of equilibrium towards the left. 

D The volume will decrease, because a shift of equilibrium towards the left would more than 

counteract any thermal expansion. 

 

 

11 The reaction represented by the following equation was carried out. 

 

HCO2CH3(aq) + NaOH(aq) → HCO2Na(aq) + CH3OH(aq) 

 

Which graph best shows the relationship between [CH3OH(aq)] and t, the time from mixing of the 

reactants? 

 

[CH3OH(aq)]

A

0

0
t

[CH3OH(aq)]

B

0

0
t

[CH3OH(aq)]

C

0

0
t

[CH3OH(aq)]

D

0

0
t
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10 The table gives the concentrations and pH values of the aqueous solutions of two compounds, X 

and Y. Either compound could be an acid or a base. 

 

 X Y 

concentration 2 mol dm
–3

 2 mol dm
–3

 

pH 6 9 

 

Student P concluded that X is a strong acid. 

 

Student Q concluded that the extent of dissociation is lower in X(aq) than in Y(aq). 

 

Which of the students are correct? 

A both P and Q 

B neither P nor Q 

C P only 

D Q only 

 

 

11 Swimming pool water can be kept free of harmful bacteria by adding aqueous sodium chlorate(I), 

NaOCl. This reacts with water to produce HOCl molecules which kill bacteria. 

 

OCl –(aq) + H2O  OH
–

(aq) + HOCl (aq) 

 

In bright sunshine, the OCl – ion is broken down by ultra-violet light. 

 

OCl –(aq) + uv light → Cl –(aq) + ½O2(g) 

 

Which method would maintain the highest concentration of HOCl (aq)? 

A acidify the pool water 

B add a solution of chloride ions 

C add a solution of hydroxide ions 

D bubble air through the water 
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15 The percentage of ammonia obtainable, if equilibrium were established during the Haber process, 

is plotted against the operating pressure for two temperatures, 400 °C and 500 °C. 

 

Which diagram correctly represents the two graphs? 

 

A 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa 

400 °C

500 °C% NH3  at 
equilibrium 

B 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa 

500 °C

400 °C% NH3  at 
equilibrium 

C 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa

400 °C

500 °C

% NH3  at 
equilibrium 

D 
40 

20 

10 20
0 
0 

pressure / 103
 kPa 

% NH3  at 
equilibrium 

500 °C

400 °C

 

 

 

16 Consecutive elements X, Y, Z are in the third period of the Periodic Table. Element Y has the 

highest first ionisation energy and the lowest melting point. 

 

What could be the identities of X, Y and Z? 

A aluminium, silicon, phosphorus  

B magnesium, aluminium, silicon 

C silicon, phosphorus, sulfur 

D sodium, magnesium, aluminium 

 

 

17 Which property of Group II elements (beryllium to barium) decreases with increasing atomic 

number? 

A reactivity with water 

B second ionisation energy 

C solubility of hydroxides 

D stability of the carbonates 

 

 

 

4
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10 When vanadium(II) compounds are dissolved in water, the following equilibrium is established.

V 2+

 + H2O        V 3+

 + 
2

H

2

1
+ OH

–

What would alter the composition of the equilibrium mixture in favour of the V 2+

 ions?

A adding an acid

B adding a reagent that selectively precipitates V
3+

 ions

C allowing the hydrogen to escape as it forms

D making the solution more alkaline

11 In an industrial process, two gases X and Y react together to form a single gaseous product Z.

X (g) + Y (g)        Z (g)

The percentage yield of product Z varies according to the pressure and the temperature as

shown in the graphs.

100

90
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70

60

50

40

30

20

10

0
25 100 200 300 400

pressure / atm

equilibrium % of Z

773 K

673 K

573 K

473 K
373 K

Which statement about this equilibrium reaction is correct?

A Decreasing the temperature decreases the value of the equilibrium constant.

B Decreasing the temperature increases the rate of this reaction.

C Increasing the pressure increases the value of the equilibrium constant.

D The reaction is exothermic in the forward direction.
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11 Why is ethanoic acid a stronger acid in liquid ammonia than in aqueous solution?

A Ammonia is a stronger base than water.

B Ammonium ethanoate is completely ionised in aqueous solution.

C Ammonium ethanoate is strongly acidic in aqueous solution.

D Liquid ammonia is a more polar solvent than water.

12 It is often said that the rate of a typical reaction is roughly doubled by raising the temperature by
10°C. 

What explains this observation?

A Raising the temperature by 10°C doubles the average energy of each molecule.

B Raising the temperature by 10°C doubles the average velocity of the molecules.

C Raising the temperature by 10°C doubles the number of molecular collisions in a given time.

D Raising the temperature by 10°C doubles the number of molecules having more than a
certain minimum energy.

13 A mixture of the oxides of two elements of the third period is dissolved in water. The solution is
approximately neutral.

What could be the constituents of the mixture?

A Al2O3 and MgO

B Na2O and MgO

C Na2O and P4O10

D SO3 and P4O10

14 Aluminium chloride catalyses certain reactions by forming carbocations (carbonium ions) with
chloroalkanes as shown.

RCl + AlCl3 → R+ + AlCl–4

Which property makes this reaction possible?

A AlCl3 is a covalent molecule.

B AlCl3 exists as the dimer Al2Cl6 in the vapour.

C The aluminium atom in AlCl3 has an incomplete octet of electrons.

D The chlorine atom in RCl has a vacant p orbital.

 

3
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5 Which of the following particles would, on losing an electron, have a half-filled set of p orbitals?

A C – B N C N – D O
+

6 Magnesium oxide is used to line industrial furnaces because it has a very high melting point.

Which type of bond needs to be broken for magnesium oxide to melt?

A co-ordinate

B covalent

C ionic

D metallic

7 Which solid exhibits more than one kind of chemical bonding?

A brass

B copper

C diamond

D ice

8 The standard enthalpy changes of formation of iron(II) oxide, FeO(s), and aluminium oxide,

Al2O3(s), are  –266 kJ mol
–1

 and –1676 kJ mol
–1

 respectively.

What is the enthalpy change under standard conditions for the following reaction?

3FeO(s) + 2Al (s) ! 3Fe(s) + Al 2O3(s)

A + 878 kJ B – 878 kJ C –1942 kJ D –2474 kJ

9 Which substance, in 1 mol dm
–3

 aqueous solution, would have the same hydrogen ion

concentration as 1 mol dm
!3

 of hydrochloric acid?

A ethanoic acid

B nitric acid

C sodium hydroxide

D sulphuric acid

 

5 
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10 The table gives the concentrations and pH values of the aqueous solutions of two compounds, X 

and Y. Either compound could be an acid or a base. 

 

 X Y 

concentration 2 mol dm
–3

 2 mol dm
–3

 

pH 6 9 

 

Student P concluded that X is a strong acid. 

 

Student Q concluded that the extent of dissociation is lower in X(aq) than in Y(aq). 

 

Which of the students are correct? 

A both P and Q 

B neither P nor Q 

C P only 

D Q only 

 

 

11 Swimming pool water can be kept free of harmful bacteria by adding aqueous sodium chlorate(I), 

NaOCl. This reacts with water to produce HOCl molecules which kill bacteria. 

 

OCl –(aq) + H2O  OH
–

(aq) + HOCl (aq) 

 

In bright sunshine, the OCl – ion is broken down by ultra-violet light. 

 

OCl –(aq) + uv light → Cl –(aq) + ½O2(g) 

 

Which method would maintain the highest concentration of HOCl (aq)? 

A acidify the pool water 

B add a solution of chloride ions 

C add a solution of hydroxide ions 

D bubble air through the water 

 

 

 

5 
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7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 
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3 Aluminium is the most abundant metal in the Earth’s crust. The extraction of aluminium is carried 

out by the electrolysis of aluminium oxide dissolved in molten cryolite. 

 

Which material is used for each of the electrodes in this electrolysis? 

 

 anode cathode 

A aluminium carbon 

B carbon carbon 

C carbon steel 

D steel aluminium 

 

 

4 The esterification reaction 

 

ethanol + ethanoic acid  ethyl ethanoate + water 

 

is an equilibrium. The forward reaction is exothermic. 

 

How can the value of the equilibrium constant KC be increased? 

A by adding a little concentrated sulfuric acid as a catalyst 

B by increasing the initial concentration of ethanol  

C by lowering the temperature 

D by raising the temperature 

 

 

5 Ammonia is manufactured on a large scale by the Haber process. 

 

In a particular plant, conditions of 400 °C and 250 atm in the presence of an iron catalyst are 

used. 

 

N2(g) + 3H2(g) 
 2NH3(g) ∆H

o

 = –92 kJ mol
–1

 

 

What could contribute most to increasing the equilibrium yield of ammonia? 

A adding more catalyst 

B increasing the pressure to 400 atm 

C increasing the temperature to 1000 °C 

D using air rather than nitrogen 

 

 

 

3 
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7 The table shows the enthalpy change of neutralisation per mole of water formed, ∆H, for various 

acids and bases. 

 

acid base ∆H / kJ mol
–1

 

hydrochloric acid sodium hydroxide –57.0 

P sodium hydroxide –54.0 

hydrochloric acid Q –52.0 

nitric acid R –57.0 

 

What are P, Q and R? 

 

 P Q R 

A ethanoic acid ammonia potassium hydroxide 

B ethanoic acid sodium hydroxide ammonia 

C sulphuric acid ammonia potassium hydroxide 

D sulphuric acid sodium hydroxide ammonia 

 

 

8 During the electrolysis of brine using a diaphragm cell, which reaction occurs at the cathode? 

A 2Cl –

(aq) → Cl2(g) + 2e
– 

B 4OH –(aq) → O2(g) + 2H2O(l) + 4e
–

 

C 2H2O(l) + 2e
–

 → H2(g) + 2OH
–

(aq) 

D Na
+

(aq) + e
–

 → Na(s) 

 

 

9 Chlorine dioxide is produced on a large scale as it is used for bleaching paper pulp. It is made by 

the following reaction. 

 

2Cl O (aq) + SO2(g) → 2Cl O2(g) + SO
−2

4
(aq) 

 

How do the oxidation numbers of chlorine and sulphur change in this reaction? 

 

 chlorine sulphur 

A decreases by 1 increases by 1 

B decreases by 1 increases by 2 

C decreases by 3 increases by 1 

D decreases by 3 increases by 2 

 

 

−

3

 

3 
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5 The presence of dipoles helps to explain why the element Br2 and the compound CHCl 3  exist as 

liquids at room temperature. 

 

Which types of dipole are involved? 

 

 Br2 CHCl 3  

A 
induced dipoles and permanent 

dipoles 

induced dipoles and permanent 

dipoles 

B 
induced dipoles and permanent 

dipoles 
induced dipoles only 

C induced dipoles only 
induced dipoles and permanent 

dipoles 

D induced dipoles only induced dipoles only 

 

 

6 Three compounds have the physical properties shown in the table. 

 

compound P Q R 

melting point / °C 2852  993  –119 

boiling point / °C 3600  1695  39 

conductivity (solid) poor poor poor 

conductivity (liquid) good good poor 

conductivity (aqueous) insoluble good insoluble 

 

 

What might be the identities of P, Q and R? 

 

 P Q R 

A MgO KCl NH3  

B MgO NaF C2H5 Br 

C SiO2 KCl C2H5 Br 

D SiO2 NaF HCl 

 

 

7 For the equilibrium 2SO2(g) + O2(g)  2SO3 (g), what will change the value of Kp ? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

8 Which pollutant, present in the exhaust fumes of an internal combustion engine, has an element 

in the +2 oxidation state and an odd number of electrons in one molecule of the pollutant? 

A CO B H2S C NO D NO2 

 

4  
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7  When chlorine and aqueous sodium hydroxide are heated together the following overall reaction 

occurs. 

 

3Cl 2(aq) + 6NaOH(aq) → 5NaCl (aq) + NaCl O3(aq) + 3H2O(l) 

 

What are the oxidation numbers for chlorine in each of the following species? 

 

 Cl 2 NaCl NaCl O3 

A 0 +1 –5 

B +2 –1 +3 

C 0 –1 +5 

D –2 +1 –3 

 

 

8  Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe how sulfur dioxide dissolves. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

9  An aqueous solution was prepared containing 1.0 mol of AgNO3 and 1.0 mol of FeSO4 in 1.00 dm
3

 

of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in the mixture. 

 

Ag
+

(aq) + Fe
2+

(aq)  Ag(s) + Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.35 B 0.62 C 1.62 D 2.89 

 

 

CEDAR COLLEGE EQUILIBRIA WS 3



 122

32

33

34

35

 

5 

© UCLES 2011 9701/12/O/N/11 [Turn over 

12 For the reaction 

 

W(aq) + 2X(aq) 2Y(aq) + 3Z(aq) 

 

what are the correct units for the equilibrium constant Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
–1 dm

3

 D mol
–2 dm

6

 

 

 

13 Methyl mercaptan, CH3SH, has a foul smell and is often used to impart a smell to natural gas. 

 

What will be formed when CH3SH is burned in an excess of air? 

A CO H2O SO2 

B CO2 H2O H2S 

C CO2 H2O SO2 

D CO2 H2O SO3 

 

 

14 Nitrogenous fertilisers are used extensively in modern farming. If rainwater washes excess 

fertiliser into a nearby lake, a process called eutrophication may occur. 

 

Three of the stages of eutrophication are described below. 

 

P Water plants growing on the lake bed die due to lack of sunlight. 

Q An excessive growth of algae occurs. 

R Excessive bacterial activity causes a reduction in oxygen levels. 

 

In which order do these three stages occur? 

A P → Q → R 

B P → R → Q 

C Q → P → R 

D Q → R → P 

 

 

15 Chlorine can be manufactured from brine in a diaphragm cell. 

 

Which row represents the correct electrodes? 

 

 
nature of 

anode 

nature of 

cathode 

A graphite titanium 

B steel titanium 

C titanium graphite 

D titanium steel 

 

 

5 
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10 When gaseous iodine is heated with hydrogen at 450 °C, an equilibrium is established. 

 

H2(g)     +     I2(g)          2HI(g) ∆H = +53 kJ mol
–1

 

 colourless purple colourless 

 

Which change of conditions will cause the purple colour of the equilibrium mixture to become 

paler? 

A decrease in pressure 

B decrease in temperature 

C increase in pressure 

D increase in temperature 

 

 

11 Which solid-line curve most accurately represents the distribution of molecular speeds in a gas at 

500 K if the dotted-line curve represents the corresponding distribution for the same gas at 300 K? 

 

fraction of 
molecules 

speed 

A  

fraction of 
molecules 

speed 

B  

fraction of 
molecules 

speed 

C 

fraction of 
molecules 

speed 

D 

 

 

 

12 Butanedioate ions can be dehydrogenated to form trans-butenedioate ions. The enzyme 

fumarase speeds up this reaction. 

 

Why does fumarase speed up this reaction? 

A Fumarase is a protein. 

B Fumarase is effective at body temperature. 

C Fumarase lowers the activation energy of the dehydrogenation reaction. 

D The enzyme fumarase is specific for this dehydrogenation reaction. 

 

 

 

4  

© UCLES 2012 9701/12/M/J/12  

8  The value of the third ionisation energy of aluminium is 2740 kJ mol
–1

. 

 

Which correctly represents this statement? 

A Al (g) → Al 3+

(g) + 3e
–

 ∆H
o

 = –2740 kJ mol
–1

 

B Al 2+

(g) → Al 3+

(g) + e
–

 ∆H
o

 = –2740 kJ mol
–1

 

C Al (g) → Al 3+

(g) + 3e
–

 ∆H
o

 = +2740 kJ mol
–1

 

D Al 2+

(g) → Al 3+

(g) + e
–

 ∆H
o

 = +2740 kJ mol
–1

 

 

 

9  Methanol is manufactured by reacting carbon dioxide and hydrogen. 

 

CO2(g) + 3H2(g)  CH3OH(g) + H2O(g) ∆H = –49 kJ mol
–1

 

 

What would increase the equilibrium yield of methanol in this process? 

A adding a catalyst 

B adding an excess of steam 

C increasing the pressure 

D increasing the temperature 

 

 

10  Which molecule has the largest overall dipole? 

 

CH3

CH3

H

H

C C

A 

CH3

CH3

O C

B 

Cl

Cl

O C

C 

H3 C

Cl

Cl

CH3

C C 

D 

 

 

 

11 In which substance does nitrogen exhibit the highest oxidation state? 

A NO B N2O C N2O4 D NaNO2 

 

 

12  Red lead oxide, Pb3O4, is used in metal priming paints. It can be made by heating PbO in air. 

 

6PbO(s) + O2(g) → 2Pb3O4(s) 

 

Which two values are needed to calculate the enthalpy change for this reaction? 

A enthalpy change of atomisation of O2 and enthalpy change of formation of Pb3O4  

B enthalpy change of formation of O2 and enthalpy change of formation of Pb3O4 

C enthalpy change of formation of PbO and enthalpy change of atomisation of O2 

D enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4 

 

 

 

4  
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9 Two moles of compound P were placed in a vessel. The compound P was partly decomposed by 

heating. A dynamic equilibrium between chemicals P, Q and R was established. 

 

At equilibrium, x mol of R were present and the total number of moles present was (2 + x). 

 

What is the equation for this equilibrium? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 

 

 

10  The oxide of titanium, TiO
2
, is used as a ‘whitener’ in toothpaste. It is obtained from the ore 

iron(II) titanate, FeTiO
3
. 

 

What is the change, if any, in the oxidation number (oxidation state) of titanium in the reaction 

FeTiO
3
 → TiO

2
? 

A It is oxidised from +3 to +4. 

B It is reduced from +3 to +2. 

C It is reduced from +6 to +4. 

D There is no change in the oxidation number. 

 

 

11 The diagram shows a cell for the manufacture of aluminium. 

 

graphite anodes 

mixture of Al 2O3 and molten cryolite

graphite lining acting as cathode 

molten aluminium  

 

Which statement is incorrect? 

A Aluminium ions are oxidised in this process. 

B Aluminium is liberated at the cathode by the reaction Al 3+

 + 3e
–

 → Al . 

C The cryolite acts as a solvent. 

D The graphite anode burns away. 
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4 Use of the Data Booklet is relevant to this question. 

 

The elements radon (Rn), francium (Fr) and radium (Ra) have proton numbers 86, 87 and 88 

respectively. 

 

What is the order of their first ionisation energies? 

 

 
least 

endothermic 

 
most 

endothermic 

A Fr Ra Rn 

B Fr Rn Ra 

C Ra Fr Rn 

D Rn Ra Fr 

 

 

5 In which species are the numbers of protons, neutrons and electrons all different? 

A lA
27

13
 B 

−

lC
35

17
 C 

−232

16
S  D 

+

K
39

19
 

 

 

6 An experiment is set up to measure the rate of hydrolysis of ethyl ethanoate. 

 

CH3CO2C2H5  +  H2O    CH3CO2H  +  C2H5OH 

 

The hydrolysis is found to be slow in neutral aqueous solution but it proceeds at a measurable 

rate when the solution is acidified with hydrochloric acid. 

 

What is the function of the hydrochloric acid? 

A to dissolve the ethyl ethanoate 

B to ensure that the reaction reaches equilibrium 

C to increase the reaction rate by catalytic action 

D to suppress ionisation of the ethanoic acid formed 

 

 

 

4  
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7  Which stage in the free radical substitution of methane by chlorine will have the lowest activation 

energy? 

A CH3•  +  Cl 2  →  CH3Cl  +  Cl • 

B Cl •  +  Cl •  →  Cl 2 

C Cl •  +  CH4  →  CH3•  +  HCl 

D Cl 2  →  Cl •  +  Cl • 
 

 

8  Use of the Data Booklet is relevant to this question. 

 

The approximate percentage composition of the atmosphere on four different planets is given in 

the table below. 

 

The density of a gas may be defined as the mass of 1 dm
3

 of the gas measured at s.t.p. 

 

Which mixture of gases has the greatest density? 

 

 planet 
major gases / 

% by number of molecules 

A Jupiter H2 89.8,  He 10.2  

B Neptune H2 80.0,  He 19.0,  CH4 1.0 

C Saturn H2 96.3,  He 3.25,  CH4 0.45 

D Uranus H2 82.5,  He 15.2,  CH4 2.3 

 

 

9  Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen, and 2.40 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel of volume 1 dm
3

 under certain conditions. It was found that 

2.32 mol of nitrogen were present in the equilibrium mixture. 

 

What is the value of Kc under these conditions? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(
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8 The reaction between sulfur dioxide and oxygen is a dynamic equilibrium. 

 

2SO2(g)  +  O2(g)    2SO3(g) 

 

What happens when the pressure of the system is increased?  

A The rate of reaction will decrease and the position of the equilibrium will move to the left. 

B The rate of reaction will decrease and the position of the equilibrium will move to the right. 

C The rate of reaction will increase and the position of the equilibrium will move to the left. 

D The rate of reaction will increase and the position of the equilibrium will move to the right. 

 

 

9 Dicarbon monoxide, C2O, is found in dust clouds in space. Analysis of it shows that the sequence 

of atoms in this molecule is C – C – O. All bonds are double bonds and there are no unpaired 

electrons. 

 

How many lone pairs of electrons are present in a molecule of C2O? 

A 1 B 2 C 3 D 4 

 

 

10 Use of the Data Booklet is relevant to this question. 

 

A student mixed 25 cm
3

 of 0.10 mol dm
–3

 sodium hydroxide solution with 25 cm
3

 of 0.10 mol dm
–3

 

hydrochloric acid and noted a temperature rise of 2.5 °C. 

 

What is the enthalpy change of the reaction per mole of NaOH? 

A –209 kJ mol
–1

 

B –104.5 kJ mol
–1

 

C –209 J mol
–1

 

D –522.5 J mol
–1

 

 

 

11 Which energy change corresponds to the enthalpy change of atomisation of hydrogen at 298 K? 

A the bond energy of a H – H bond 

B half the bond energy of a H – H bond 

C minus half the bond energy of a H – H bond 

D minus the bond energy of a H – H bond 
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7  The Contact process is used in the manufacture of sulfuric acid. The equation for the main 

reaction is shown below. 

 

 2SO
2
(g)  +  O

2
(g)    2SO

3
(g) ∆H = –196 kJ mol

–1

 

 

Which statement about this reaction is incorrect? 

A Increased pressure gives a higher yield of SO
3
. 

B Increased temperature gives a higher yield of SO
3
. 

C In the forward reaction the oxidation state of sulfur changes from +4 to +6. 

D Vanadium(V) oxide is used as a catalyst. 

 

 

8  When making sparkler fireworks, a mixture of barium nitrate powder with aluminium powder, 

water and glue is coated onto wires and allowed to dry. At this stage, the following exothermic 

reaction may occur. 

 

16Al  +  3Ba(NO
3
)
2
  +  36H

2
O  →  3Ba(OH)

2
  +  16Al (OH)

3
  +  6NH

3
 

 

Which conditions would be best to reduce the rate of this reaction during the drying process, and 

would also keep the aluminium and barium nitrate unchanged? 

 

 temperature / K pH 

A 298 7 

B 298 14 

C 398 7 

D 398 14 

 

 

9  Which molecular structure will have the smallest overall dipole? 

 

C C 

H

A

C C 

B

C C 

C

C C 

D
H3 C H3 C CH3

CH3

Cl Cl ClCl Cl

ClH3 C H3 C H3 CClCl H2 C
 

 

 

10  The equilibrium constant, K
c
, for the reaction H

2
(g)  +  I

2
(g)    2HI(g), is 60 at 450 °C. 

 

What is the number of moles of hydrogen iodide in equilibrium with 2 mol of hydrogen and 0.3 mol 

of iodine at 450 °C? 

A 

100

1

 B 

10

1

 C 6 D 36 

 

 

 

4  
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9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated fluorescent light tube of volume 300 cm
3

 is filled with a gas at 300 K and 

101 kPa, the mass of the tube increases by 1.02 g. The gas obeys the ideal gas equation 

pV = nRT. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D nitrogen 

 

 

10  Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 1.00 mol of nitrogen, 3.00 mol of hydrogen and 1.98 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel under certain conditions. It was found that 1.64 mol of 

nitrogen were present in the equilibrium mixture. 

 

What is the value of Kc under these conditions? 

A 
3

2

)92.4)(64.1(

)70.0(

 

B 
3

2

)64.3)(64.1(

)34.1(

 

C 
2

3

)70.0(

)92.4)(64.1(

 

D 
2

3

)34.1(

)64.3)(64.1(

 

 

 

11 Use of the Data Booklet is relevant to this question. 

 

Which calcium compound contains 54.1 % by mass of calcium? 

A calcium hydroxide 

B calcium nitrate 

C calcium oxide 

D calcium sulfate 
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6 In which reaction is the species in bold acting as an oxidising agent? 

A 2Ca  +  O2  →  2CaO 

B Cr2O7

2–

  +  8H
+

  +  3SO
3

2–

  →  2Cr
3+

  +  4H2O  +  3SO4

2–

 

C Mg  +  Fe
2+

  →  Mg
2+

  +  Fe 

D SO
2
  +  2H2O  +  2Cu

2+

  +  2Cl –  →  H2SO4  +  2H
+

  +  2CuCl 

 

 

7  The formation of hydrogen and ethyne, C2H2, from methane reaches dynamic equilibrium. 

 

2CH4(g)    3H2(g)  +  C2H2(g) 

 

What are the units of Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
3 dm

–9

 D mol
4 dm

–12

 

 

 

8  Which equation represents the standard enthalpy change of formation of ethanol, C2H5OH? 

A 2C(g)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

B 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(g) 

D 2C(g)  +  6H(g)  +  O(g)  →  C2H5OH(l) 

 

 

9 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 12.0 dm
3

 of oxygen, measured under room conditions, is used to burn 

completely 0.10 mol of propan-1-ol. 

 

What is the final volume of gas, measured under room conditions? 

A 7.20 dm
3

 B 8.40 dm
3

 C 16.8 dm
3

 D 18.00 dm
3
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3 The enthalpy change of formation of carbon dioxide is –394 kJ mol
–1

. 

The enthalpy change of formation of water is –286 kJ mol
–1

. 

The enthalpy change of formation of methane is –74 kJ mol
–1

. 

 

What is the enthalpy change of combustion of methane? 

A –892 kJ mol
–1

 

B –606 kJ mol
–1

 

C +606 kJ mol
–1

 

D +892 kJ mol
–1

 

 

 

4 Hydrogen and carbon dioxide gases are mixed in equal molar amounts at 800 K. A reversible 

reaction takes place. 

 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 

 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 

 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 

 

 

5 In the diagram, curve X was obtained by observing the decomposition of 100 cm
3

 of 1.0 mol dm
–3

 

hydrogen peroxide, catalysed by manganese(IV) oxide. 

 

volume of
oxygen
formed

0 
0 time

Y
X

 

 

Which alteration to the original experimental conditions would produce curve Y? 

A adding more manganese(IV) oxide 

B adding some 0.1 mol dm
–3

 hydrogen peroxide 

C adding water 

D raising the temperature 
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4 In oxygen difluoride, OF2, fluorine has an oxidation number of –1. OF2 will react with sulfur 

dioxide according to the following equation. 

 

OF2  +  SO2  →  SO3  +  F2 

 

What is oxidised and what is reduced in this reaction? 

 

 fluorine 
oxygen 

in OF2 
sulfur 

A oxidised oxidised reduced 

B oxidised reduced oxidised 

C reduced oxidised reduced 

D reduced reduced oxidised 

 

 

5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7.0 × 10
–3 m3

 at a temperature of 

30 °C. 

 

Assume the gas behaves as an ideal gas. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

6 One mole of phosphorus(V) chloride, PCl 5, is heated to 600 K in a sealed flask of volume 1 dm
3

. 

Equilibrium is established and measurements are taken. 

 

PCl 5(g)    PCl 3(g)  +  Cl 2(g) 

 

The experiment is repeated with one mole of phosphorus(V) chloride heated to 600 K in a sealed 

flask of volume 2 dm
3

. 

 

How will the measurements vary? 

A The equilibrium concentrations of PCl 3(g) and Cl 2(g) are higher in the second experiment. 

B The equilibrium concentration of PCl 5(g) is lower in the second experiment. 

C The equilibrium concentrations of all three gases are the same in both experiments. 

D The value of the equilibrium constant is higher in the second experiment. 

 

 

 

4  
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8  Nitrogen dioxide, NO2, exists in equilibrium with dinitrogen tetroxide, N2O4. 

 

2NO2(g)    N2O4(g) ∆H = –57 kJ mol
–1

 

 

Which conditions give the greatest percentage of N2O4(g) at equilibrium? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

9  When a sample of HI is warmed to a particular temperature the equilibrium below is established. 

 

2HI(g)    H2(g)  +  I2(g) 

 

At this temperature, it is found that the partial pressure of HI(g) is 28 times the partial pressure of 

H2(g). 

 

What is the value of Kp at this temperature? 

A 1.28 × 10
–3

 B 0.035 C 28 D 784 

 

 

10  Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes 

more transparent again when the light is less bright. The darkness of the glass is related to the 

concentration of silver atoms. 

 

The following reactions are involved. 

 

reaction 1 Ag
+

  +  Cl
 –
    Ag  +  Cl 

reaction 2 Cu
+

  +  Cl  →  Cu
2+

  +  Cl – 

reaction 3 Cu
2+

  +  Ag  →  Cu
+

  +  Ag
+

 

 

Which statement about these reactions is correct? 

A Cu
+

 and Cu
2+

 ions act as catalysts. 

B Cu
+

 ions act as an oxidising agent in reaction 2. 

C Reaction 3 increases the darkness of the glass. 

D Silver atoms are reduced in reaction 3. 

 

 

 

4  
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7  The standard enthalpy changes of combustion of glucose and ethanol are given as –2820 and  

–1368 kJ mol
–1

 respectively. 

 

Glucose, C6H12O6, can be converted into ethanol. 

 

C6H12O6(s)  →  2C2H5OH(l)  +  2CO2(g) 

 

 

What is the standard enthalpy change for this reaction? 

A –1452 kJ mol
–1

 

B –84 kJ mol
–1

 

C +84 kJ mol
–1

 

D +1452 kJ mol
–1

 

 

 

8 In which reaction is the underlined substance acting as a base? 

A HNO3  +  H2SO4  →  H2NO3

+

  +  HSO4

–

 

B HSiO3

–

  +  HCN  →  CN
–

  +  H2O  +  SiO2 

C HNO2  +   HCO3

–

  →  H2O  +  CO2  +  NO2

–

 

D C6H5O
–

  +  CH2Cl CO2H  →  C6H5OH  +  CH2Cl CO2

–

 

 

 

9 One molecule of haemoglobin, Hb, can bind with four molecules of oxygen according to the 

following equation. 

 

Hb(aq)  +  4O2(aq)    Hb(O2)4(aq) 

 

When the equilibrium concentration of O2 is 7.6 × 10
–6 mol dm

–3

, the equilibrium concentrations of 

Hb and Hb(O2)4 are equal. 

 

What is the value of Kc  for this equilibrium? 

A 3.0 × 10
20

 B 1.3 × 10
5

 C 7.6 × 10
–6

 D 3.3 × 10
–21

 

 

 

10  The double bond between the two carbon atoms in an ethene molecule consists of one σ bond 

and one π bond. 

 

Which orbitals overlap to form each of these bonds? 

 

 σ bond π bond 

A sp
2

–sp
2

 p–p 

B sp
2

–sp
2

 sp
2

–sp
2

 

C sp
3

–sp
3

 p–p 

D sp
3

–sp
3

 sp
2

–sp
2
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7  The standard enthalpy changes of combustion of glucose and ethanol are given as –2820 and  

–1368 kJ mol
–1

 respectively. 

 

Glucose, C6H12O6, can be converted into ethanol. 

 

C6H12O6(s)  →  2C2H5OH(l)  +  2CO2(g) 

 

 

What is the standard enthalpy change for this reaction? 

A –1452 kJ mol
–1

 

B –84 kJ mol
–1

 

C +84 kJ mol
–1

 

D +1452 kJ mol
–1

 

 

 

8 In which reaction is the underlined substance acting as a base? 

A HNO3  +  H2SO4  →  H2NO3

+

  +  HSO4

–

 

B HSiO3

–

  +  HCN  →  CN
–

  +  H2O  +  SiO2 

C HNO2  +   HCO3

–

  →  H2O  +  CO2  +  NO2

–

 

D C6H5O
–

  +  CH2Cl CO2H  →  C6H5OH  +  CH2Cl CO2

–

 

 

 

9 One molecule of haemoglobin, Hb, can bind with four molecules of oxygen according to the 

following equation. 

 

Hb(aq)  +  4O2(aq)    Hb(O2)4(aq) 

 

When the equilibrium concentration of O2 is 7.6 × 10
–6 mol dm

–3

, the equilibrium concentrations of 

Hb and Hb(O2)4 are equal. 

 

What is the value of Kc  for this equilibrium? 

A 3.0 × 10
20

 B 1.3 × 10
5

 C 7.6 × 10
–6

 D 3.3 × 10
–21

 

 

 

10  The double bond between the two carbon atoms in an ethene molecule consists of one σ bond 

and one π bond. 

 

Which orbitals overlap to form each of these bonds? 

 

 σ bond π bond 

A sp
2

–sp
2

 p–p 

B sp
2

–sp
2

 sp
2

–sp
2

 

C sp
3

–sp
3

 p–p 

D sp
3

–sp
3

 sp
2

–sp
2
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8  Nitrogen dioxide, NO2, exists in equilibrium with dinitrogen tetroxide, N2O4. 

 

2NO2(g)    N2O4(g) ∆H = –57 kJ mol
–1

 

 

Which conditions give the greatest percentage of N2O4(g) at equilibrium? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

9  When a sample of HI is warmed to a particular temperature the equilibrium below is established. 

 

2HI(g)    H2(g)  +  I2(g) 

 

At this temperature, it is found that the partial pressure of HI(g) is 28 times the partial pressure of 

H2(g). 

 

What is the value of Kp at this temperature? 

A 1.28 × 10
–3

 B 0.035 C 28 D 784 

 

 

10  Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes 

more transparent again when the light is less bright. The darkness of the glass is related to the 

concentration of silver atoms. 

 

The following reactions are involved. 

 

reaction 1 Ag
+

  +  Cl
 –
    Ag  +  Cl 

reaction 2 Cu
+

  +  Cl  →  Cu
2+

  +  Cl – 

reaction 3 Cu
2+

  +  Ag  →  Cu
+

  +  Ag
+

 

 

Which statement about these reactions is correct? 

A Cu
+

 and Cu
2+

 ions act as catalysts. 

B Cu
+

 ions act as an oxidising agent in reaction 2. 

C Reaction 3 increases the darkness of the glass. 

D Silver atoms are reduced in reaction 3. 

 

 

 

4  
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7 The process of electrolysis can be used to purify copper, and to extract aluminium from an 

aluminium oxide / cryolite mixture. 

 

What are the reactions at the anode in each of these processes? 

 

 purification of copper extraction of aluminium 

A Cu
2+

  +  2e
–

  →  Cu 2O
2–

  →  O2  +  4e
–

 

B Cu
2+

  +  2e
–

  →  Cu 4OH
–

  →  O2  +  2H2O  +  4e
–

  

C Cu  →  Cu
2+

  +  2e
–

 2O
2–

  →  O2  +  4e
–

 

D Cu  →  Cu
2+

  +  2e
–

 4OH
–

  →  O2  +  2H2O  +  4e
–

  

 

 

8 Hydrogen can be obtained by reacting methane with steam. 

 

 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) ∆H o = +210 kJ mol
–1

 

 

Which conditions of pressure and temperature will give the greatest equilibrium yield of hydrogen? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

9  Nitrogen monoxide reacts with oxygen in a reversible reaction according to the equation shown 

below. 

 

2NO(g)  +  O2(g)    2NO2(g) 

 

The partial pressures of each of the components in an equilibrium mixture are shown in the table. 

 

partial pressure NO / kPa partial pressure O2 / kPa partial pressure NO2 / kPa 

10 30 20 

 

What is the numerical value of the equilibrium constant, Kp, for this equilibrium? 

A 6.67 × 10
–2

 B 1.33 × 10
–1

 C 7.50 D 15.0 

 

 

 

5 

© UCLES 2015 9701/11/O/N/15 [Turn over 

11 Ammonia is made by the Haber process. The reactants are nitrogen and hydrogen. 

 

 N2(g)  +  3H2(g)    2NH3(g) ∆H –ve 

 

What will increase the rate of the forward reaction? 

A adding argon to the mixture but keeping the total volume constant 

B decreasing the temperature 

C increasing the total pressure by reducing the total volume at constant temperature 

D removing ammonia as it is made but keeping the total volume of the mixture the same 

 

 

12 X is a Group II metal. The carbonate of X decomposes when heated in a Bunsen flame to give 

carbon dioxide and a white solid residue as the only products. This white solid residue is 

sparingly soluble in water. Even when large amounts of the solid residue are added to water the 

pH of the saturated solution is less than that of limewater. 

 

What could be the identity of X? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

13 Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

14 Use of the Data Booklet is relevant to this question. 

 

Which of the elements sodium, magnesium, aluminium, silicon, phosphorus, sulfur and chlorine 

 

• has a lower first ionisation energy than the preceding element in the Periodic Table, 

• conducts electricity and 

• has a lower atomic radius than the preceding element in the Periodic Table? 

A aluminium 

B magnesium 

C phosphorus 

D sulfur 

 

4  

© UCLES 2015 9701/11/O/N/15  

8  Which row correctly describes the electrodes that can be used in a diaphragm cell for the 

production of chlorine, hydrogen and sodium hydroxide? 

 

 anode cathode 

A steel graphite 

B steel titanium 

C titanium graphite 

D titanium steel 

 

 

9  Hexamine is a crystalline solid used as a fuel in portable stoves. 

 

The diagram shows its skeletal structure. 

 

N

N
N N

 

 

What is the empirical formula of hexamine? 

A CH2N B C3H6N2 C C4H8N4 D C6H12N4 

 

 

10 A mixture of nitrogen and hydrogen gases, at a temperature of 500 K, was put into an evacuated 

vessel of volume 6.0 dm
3

. The vessel was then sealed. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

The mixture was allowed to reach equilibrium. It was found that 7.2 mol of N2 and 12.0 mol of H2 

were present in the equilibrium mixture. The value of the equilibrium constant, Kc, for this 

equilibrium is 6.0 × 10
–2

 at 500 K. 

 

What is the concentration of ammonia present in the equilibrium mixture at 500 K? 

A 0.58 mol dm
–3

 

B 0.76 mol dm
–3

 

C 3.5 mol dm
–3

 

D 27 mol dm
–3
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 A reversible reaction is catalysed. 

 

Which statements about the effects of the catalyst on this system are correct? 

1 The catalyst alters the mechanism of the reaction. 

2 The catalyst reduces the energy of activation (the energy barrier) for both the forward and 

the backward reaction. 

3 The catalyst alters the composition of the equilibrium mixture. 

 

 

34 Which magnesium compounds lose mass when heated by a Bunsen flame? 

1 magnesium carbonate 

2 magnesium nitrate 

3 magnesium oxide 

 

 

35 What happens when chlorine is bubbled through aqueous sodium hydroxide solution? 

1 In cold solution, ClO
–

(aq) ions are formed. 

2 In hot solution, ClO3

–

(aq) ions are formed. 

3 Disproportionation of chlorine occurs in both cold and hot aqueous solutions. 

 

 

36 Which fertilisers, when washed out of soil by rain, cause excessive growth of river plants and 

algae with the result that fish in the river die? 

1 K2 SO4  

2 NH4 NO3 

3 NaNO3 

 

 

!
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Hydroxyapatite, Ca5(PO4)3OH, is the main constituent of tooth enamel. In the presence of saliva, 

the following equilibria exist. 

 

Ca5(PO4)3OH(s)  5Ca
2+

(aq) + 3PO   (aq) + OH
–

(aq) 

 

HPO   (aq)  H
+

(aq) + PO   (aq) 

 

Which of the following statements help to explain why tooth enamel is dissolved more readily 

when saliva is acidic? 

1 The hydroxide ions are neutralised by the acid. 

2 The phosphate ion PO   (aq) accepts H
+

(aq) 

3 Calcium ions react with acids. 

 

 

35 What properties enable magnesium oxide to be used as a refractory lining in a furnace? 

1 It has a high melting point. 

2 It has a low thermal conductivity. 

3 It does not react with basic slags. 

 

 

36 Chlorine reacts with hot concentrated aqueous sodium hydroxide according to the equation 

below. 

 

3Cl2(g) + 6NaOH(aq) → NaCl O3(aq) + 5NaCl (aq) + 3H2O(l) 

 

Which conclusions can be drawn from this information? 

1 The oxidation state of the chlorine in one of the products is +5. 

2 The chlorine undergoes disproportionation. 

3 The sodium hydroxide acts as a reducing agent. 

 

 

−3

4

−2

4

−3

4

−3

4

�
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
 
 

!
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34 Two bulbs R and S, connected by a mercury manometer, are held in a thermostat, as shown. The 

volume of R is twice that of S. R contains gas, X, at the same pressure as the nitrogen in S. 

 

nitrogenX

S
R

manometer

mercury

thermostat

 

 

When the temperature is increased, which gases in bulb R would cause the mercury level in the 

right-hand limb of the manometer to rise? 

1 an equilibrium mixture N2F4(g)  2NF2(g); ∆H positive 

2 an equilibrium mixture CH3NC(g)  CH3CN(g); ∆H negative 

3 nitrogen 

 

 

35 Which statements concerning the third period elements (sodium to argon) and their compounds 

are correct? 

1 The elements become more electronegative from sodium to chlorine. 

2 Aluminium oxide is the only oxide which is insoluble in water. 

3 The maximum oxidation state is shown by silicon. 

 

 

36 Use of the Data Booklet is relevant to this question. 

 

The element astatine lies below iodine in Group VII of the Periodic Table. 

 

What will be the properties of astatine? 

1 It forms diatomic molecules which dissociate more readily than chlorine molecules. 

2 It reacts explosively with hydrogen. 

3 It is a good reducing agent. 

 

 

37 Nitrogen and oxygen react in a hot car engine to form nitrogen monoxide which is a serious 

pollutant in our cities and in the countryside. However, nitrogen and oxygen do not react at room 

temperature. 

 

Which statements help to explain why nitrogen and oxygen do not react at room temperature? 

1 The reaction is endothermic. 

2 A high activation energy is required. 

3 Nitrogen has a high bond energy. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 What are assumptions of the kinetic theory of gases and hence of the ideal gas equation,          

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

32 Carbon monoxide burns readily in oxygen to form carbon dioxide. 

 

What can be deduced from this information? 

1 The +4 oxidation state of carbon is more stable than the +2 state. 

2 The standard enthalpy change of formation of carbon dioxide is more negative than that of 

carbon monoxide. 

3 The value of the equilibrium constant for the reaction, 2CO(g) + O2(g)  2CO2(g), is likely to 

be high. 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Kevlar has the structure below. 

 

N

O

C

O

C

H

N

H

O

C N

O

C

H

N

H
 

 

Compared to a steel rope of similar dimensions, a Kevlar rope is both lighter and stronger. 

 

Which properties of Kevlar help to explain these facts? 

1 The fibres of Kevlar align due to hydrogen bonding. 

2 The mass per unit length is less in a Kevlar rope than in a steel rope. 

3 The Kevlar molecule has no permanent dipole. 

 

 

32 Which of the following can act as a Bronsted-Lowry acid? 

1 H3O
+

 

2 
+

4
NH  

3 H2O 

 

 

33 Under given conditions, what governs the rate of a forward reaction? 

1 the activation energy of the reaction 

2 the enthalpy change of the reaction 

3 the equilibrium constant of the reaction 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 For complete combustion, 1 mol of an organic compound X was found to require 2.5 mol of 

molecular oxygen. 

 

Which compounds could be X? 

1 C
2
H

5
OH 

2 C
2
H

2
 

3 CH
3
CHO 

 

 

32 Catalysts are used in many reversible reactions in the chemical industry. Vanadium(V) oxide is 

used in this way in the Contact process for the formation of SO
3
. 

 

2SO
2
(g) + O

2
(g)  2SO

3
(g) 

 

What effect does vanadium(V) oxide have on this equilibrium? 

1 It speeds up the forward reaction. 

2 It increases the value of K
p
. 

3 It increases the value of E
a
 for the reverse reaction. 

 

 

33 Which statements about the properties of a catalyst are correct? 

1 A catalyst increases the average kinetic energy of the reacting particles. 

2 A catalyst increases the rate of the reverse reaction. 

3 A catalyst has no effect on the enthalpy change of the reaction. 

 

 

!
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 Phosphorus pentachloride is introduced into an empty gas syringe which has a movable, tightly-

fitting plunger. The gas is allowed to expand until equilibrium is reached at a temperature at 

which the phosphorus pentachloride partially dissociates. 

 

PCl5(g)  PCl3(g) + Cl2(g) 

 

plungergas

syringe oven

self-sealing
cap for

introducing
sample

 

 

Which statements are correct? 

1 The equilibrium pressure inside the syringe will be greater than atmospheric pressure. 

2 When the plunger is pushed in the equilibrium adjusts to produce more PCl5(g). 

3 The volume of gas in the syringe at equilibrium will be greater than if no dissociation had 

occurred. 

 

 

34 Which statements are correct about the activation energy of a reaction? 

1 It is different for the forward and back reactions in an exothermic process. 

2 It is low for a reaction that takes place slowly. 

3 It is unaffected by the presence of a catalyst. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The chlorine oxide free radical, ClO
•

, is formed during the depletion of the ozone layer by 

chlorofluoroalkanes (CFCs). 

 

Cl • + O3 → ClO
•

 + O2 

 

Which features are present in the chlorine oxide free radical? 

1 an odd number of electrons 

2 a single covalent bond 

3 a dative covalent bond from oxygen to chlorine 

 

 

32 Concentrated sulphuric acid behaves as a strong acid when it reacts with water. 

 

H2SO4(l) + aq → H
+

(aq) + 
−

4
HSO (aq) 

 

The 
−

4
HSO  ion formed behaves as a weak acid. 

 

−

4
HSO (aq)  H

+

(aq) + 
−2

4
SO (aq) 

 

Which statements are true for 1.0 mol dm
–3

 sulphuric acid? 

1 [H
+

(aq)] is high 

2 [
−2

4
SO (aq)] is high 

3 [
−

4
HSO (aq)] = [

−2

4
SO (aq)] 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2 The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

35 Chlorine is a greenish-yellow gas, bromine is a dark red liquid and iodine is a dark grey solid.  

 

What causes these differences in volatility? 

1 the halogen-halogen bond energy 

2 the magnitude of the van der Waals’ forces between the molecules 

3 the number of electrons in the halogen molecule 

 

 

36 Which statements about the Haber process for the industrial production of ammonia are correct? 

1 The equilibrium constant K
p
 increases with pressure. 

2 As the temperature increases, the equilibrium constant for the forward reaction becomes 

smaller. 

3 The process is usually carried out at between 450 °C and 550 °C at a pressure of at least 

150 atm. 

 

 

37 Which statements about alkenes are correct? 

1 They are formed when higher alkanes are cracked. 

2 They are used as monomers for polymerisation. 

3 They are less reactive than alkanes towards electrophiles. 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 

 

 

32  Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

33 Use of the Data Booklet is relevant to this question. 

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Kevlar has the structure below. 

 

N

O

C

O

C

H

N

H

O

C N

O

C

H

N

H
 

 

Compared to a steel rope of similar dimensions, a Kevlar rope is both lighter and stronger. 

 

Which properties of Kevlar help to explain these facts? 

1 The fibres of Kevlar align due to hydrogen bonding. 

2 The mass per unit length is less in a Kevlar rope than in a steel rope. 

3 The Kevlar molecule has no permanent dipole. 

 

 

32 Which of the following can act as a Bronsted-Lowry acid? 

1 H3O
+

 

2 
+

4
NH  

3 H2O 

 

 

33 Under given conditions, what governs the rate of a forward reaction? 

1 the activation energy of the reaction 

2 the enthalpy change of the reaction 

3 the equilibrium constant of the reaction 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 A monomer undergoes addition polymerisation. A 1 mol sample of the monomer is completely 

polymerised. 

 

How many moles of polymer might, theoretically, be formed? 

1 1 

2 10
–6

 

3 
23

10
  .026

1

×

 

 

 

32 Which physical properties are due to hydrogen bonding between water molecules? 

1 Water has a higher boiling point than H2 S. 

2 Ice floats on water. 

3 The H−O−H bond angle in water is approximately 104°.
 

 

 

 

33 Which equilibria, in which all species are gaseous, would have equilibrium constants, K
p
, with no 

units? 

1 sulfur dioxide and oxygen in equilibrium with sulfur trioxide 

2 hydrogen and iodine in equilibrium with hydrogen iodide 

3 carbon monoxide and steam in equilibrium with carbon dioxide and hydrogen 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  If N2O4 gas is placed in a sealed vessel the following equilibrium is established. 

 

N2O4(g)    2NO2(g) 

 

The forward reaction is endothermic. 

 

What happens when the temperature is increased? 

1 The equilibrium constant increases. 

2 The partial pressure of NO2 increases. 

3 The activation energy is unchanged. 

 

 

35  Which types of bonding are present in ammonium carbonate, (NH4)2CO3? 

1 ionic 

2 covalent 

3 co-ordinate (dative covalent) 

 

 

36  Sulfur dioxide and sulfites are used in food preservation. 

 

Why are they used for this purpose? 

1 They are reducing agents which slow down the oxidation of food. 

2 They inhibit the growth of aerobic bacteria. 

3 They react with NO2(g) converting it to NO(g). 

 

 

37  The organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 

 

What is a possible identity for X? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo,2-methylpropane 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 X is a particle with 18 electrons and 20 neutrons. 

 

What could be the symbol of X? 

1 Ar
38

18
 

2 
+240

20
Ca  

3 
+

K
39

19
 

 

 

32 Use of the Data Booklet is relevant to this question. 

 

Carbon and nitrogen are adjacent in the Periodic Table. 

 

Which properties do they both have? 

1 There is an empty 2p orbital in one atom of the element. 

2 The principal quantum number of the highest occupied orbital is 2. 

3 They form compounds in which their atoms form bonds with four other atoms. 

 

 

33 What are necessary properties of a dynamic equilibrium? 

1 Equal amounts of reactants and products are present. 

2 Concentrations of reactants and products remain constant. 

3 The rate of the forward reaction is the same as the rate of the reverse reaction. 

 

 

!
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The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

34 The equilibrium constant Kp for the reaction 

X(g)  +  Y(g)         Z(g)

varies with temperature as shown in the diagram below.

Which conclusions can be drawn from this information?

1 The reaction is exothermic in the forward direction.

2 The equilibrium mixture contains a greater proportion of Z at higher pressures.

3 The equilibrium mixture contains a greater proportion of Z at higher temperatures.

35 When decomposing in water, organic refuse is oxidised to form carboxylic acids.  The water
becomes acidic and aquatic life is destroyed.

Which additives are suitable to remove this acid pollution?

1 calcium carbonate

2 calcium hydroxide

3 potassium nitrate

36 Which properties would be expected for the Group II element, strontium, or its compounds?

1 When heated in oxygen, strontium does not burn.

2 On being heated, strontium carbonate decomposes to give strontium oxide.

3 When strontium oxide is added to water, the solution is alkaline.

Kp

T

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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1 Hydrogen iodide dissociates into its elements according to the equation below.

2HI(g) H2(g) + I2(g)

(a) Write the expression for the equilibrium constant, Kc.

[1]

(b) At 120 °C the equilibrium mixture contains 1.47 mol dm–3 of HI(g), 0.274 mol dm–3 each
of H2(g) and I2(g).

Calculate the value of Kc for the equilibrium at 120 °C.

[1]

(c) Suggest and explain why it would be more difficult to determine Kc for this equilibrium at
room temperature.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]

(d) (i) Explain how enthalpy changes, ∆H values, for covalent bonded molecules can be
calculated from bond energies.

...................................................................................................................................

...................................................................................................................................
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 (c) (i) Write the expression for the equilibrium constant, Kc , for this reaction. Give the 
units.

  (ii) Calculate the value of Kc at each of the temperatures given.

230 °C

465 °C

  (iii) Is the forward reaction endothermic or exothermic? Explain your answer.

 ..................................................................................................................................

 ..................................................................................................................................
 [5]

 (d) The temperature of the equilibrium was then altered so that the equilibrium 
concentrations of NOCl and NO were the same as each other. 

  What will be the effect on the equilibrium concentration of NOCl when the following 
changes are carried out on this new equilibrium? In each case, explain your answer.

  (i) The pressure of the system is halved at constant temperature.

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) A mixture of NOCl(g) and NO(g) containing equal numbers of moles of each gas is 
introduced into the container at constant temperature.

 ..................................................................................................................................

 ..................................................................................................................................
 [4]

 [Total: 15]

!
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3 When hydrocarbons such as petrol or paraffin wax are burned in an excess of air in a 
laboratory, carbon dioxide and water are the only products.

 When petrol is burned in a car engine, nitrogen monoxide, NO, is also formed.

 (a) Explain how NO is formed in an internal combustion engine but not formed when a 
small sample of petrol is burnt in an evaporating basin. 

 ..........................................................................................................................................

 ..........................................................................................................................................

 ...................................................................................................................................... [2]

 The engines of modern motor cars have exhaust systems which are fitted with catalytic 
converters in order to reduce atmospheric pollution from substances such as NO.

 (b) (i) State three more pollutants, other than CO2 and H2O, that are present in the 
exhaust gases of a car engine. 

.................................... and .................................... and  ...........................................

  (ii) What is the active material present in the catalytic converter?

 ..................................................................................................................................

  (iii) Write one balanced equation to show how NO is removed from the exhaust gases 
of a car engine by a catalytic converter.

 ..................................................................................................................................
 [4]

 NO is also formed when nitrosyl chloride, NOCl, dissociates according to the following 
equation.

2NOCl (g)  2NO(g) + Cl2(g)

 Different amounts of the three gases were placed in a closed container and allowed to come 
to equilibrium at 230 °C. The experiment was repeated at 465 °C.

 The equilibrium concentrations of the three gases at each temperature are given in the table 
below.

concentration / mol dm–3

temperature / °C NOCl NO Cl 2

230 2.33 × 10–3 1.46 × 10–3 1.15 × 10–2

465 3.68 × 10–4 7.63 × 10–3 2.14 × 10–4
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2 Ethanoic acid is a common ingredient in cooking. It is also used in industry as a reagent.

(a) Ethanoic acid is a weak acid.

(i) Explain, in Bronsted-Lowry terms, what is meant by an acid.

...................................................................................................................................

...................................................................................................................................

(ii) Explain, with the aid of an equation, the term weak acid.

...................................................................................................................................

...................................................................................................................................
[3]

(b) Ethanoic acid, CH3CO2H, reacts with ethanol, C2H5OH, to produce ethyl ethanoate and
water. The reaction is an example of dynamic equilibrium.

CH3CO2H  +  C2H5OH         CH3CO2C2H5 +  H2O

(i) Explain what is meant by dynamic equilibrium.

...................................................................................................................................

...................................................................................................................................

(ii) Write an expression for the equilibrium constant, Kc, for this reaction.

[2]

(c) A mixture of 6.0 g of ethanoic acid and 6.0 g of ethanol was added to 4.4 g of ethyl
ethanoate and the overall mixture allowed to reach equilibrium. It was found that
0.040 mol of ethanoic acid was present in the equilibrium mixture.

(i) Calculate the number of moles of each compound, both initially and at equilibrium.
Place the results in the spaces provided.

CH3CO2H    +    C2H5OH             CH3CO2C2H5 +    H2O

initially .............. .............. .............. 0.00

at equilibrium 0.040 .............. .............. ..............

For
Examiner’s
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(ii) Calculate the equilibrium constant, Kc, for the reaction.

(iii) Explain why Kc in this reaction has no units.

...............................................................................................................................[4]

[Total : 9]

3 The oxides of the third period include the following:

Na2O;      MgO;      Al2O3;      SO2;      SO3.

(a) Showing outer electrons only, draw a dot-and-cross electron diagram for magnesium
oxide, MgO.

[1]

(b) From the list above, identify one oxide (in each case) which fits the description given.

(i) An oxide that reacts with water forming a strongly alkaline solution.

..........................................................

(ii) An oxide that is insoluble in water.

..........................................................

(iii) An oxide that reacts vigorously with water forming a strongly acidic solution.

..........................................................

(iv) An oxide that has a simple molecular structure.

..........................................................

(v) An oxide that acts as a food preservative.

..........................................................
[5]
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2 The reaction of ethanoic acid with ethanol to form ethyl ethanoate and water is an example
of dynamic equilibrium. It is catalysed by the presence of H+ ions.

CH3CO2H(l) + C2H5OH(l) CH3CO2C2H5(l) + H2O(l)

!H = + 14 kJ mol–1

(a) (i) Explain what is meant by dynamic equilibrium.

..................................................................................................................................

..................................................................................................................................

(ii) On the axes below, draw and label a reaction pathway/energy diagram for both
the catalysed and uncatalysed reaction.

Also label your diagram with the !H value given.

[5]

(b) (i) State the expression for the equilibrium constant, Kc, for this reaction.

(ii) State why, in determining the value of Kc for this reaction, it is only necessary to
know the number of moles rather than the concentrations of each substance.

..................................................................................................................................

..................................................................................................................................
[2]

reaction pathway

energy

4

8701/2/O/N/01

For
Examiner’s 

Use

CEDAR COLLEGE EQUILIBRIA WS 4



 136

!

(c) In an experiment to determine Kc, 1.00 mol of ethanoic acid was allowed to reach
equilibrium at 60 °C with 1.00 mol of ethanol in the presence of 0.100 mol of H+
dissolved in 1.00 mol of water. It forms an homogeneous mixture.

(i) At equilibrium, it was found that 0.43 mol of ethanoic acid was present.

How many moles of each of the following are present at equilibrium?

ethanol .....................................................................................................................

ethyl ethanoate .........................................................................................................

water ........................................................................................................................

(ii) Use these values to calculate the equilibrium constant, Kc.

[4]

[Total : 11]

5
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2 Alcohols and esters are important organic compounds which are widely used as solvents.

 Esters such as ethyl ethanoate can be formed by reacting carboxylic acids with alcohols.

CH3CO2H  +  C2H5OH    CH3CO2C2H5  +  H2O

 This reaction is an example of a dynamic equilibrium.

 (a) Explain what is meant by the term dynamic equilibrium.

 ..........................................................................................................................................

 ......................................................................................................................................[1]

 (b) Write the expression for the equilibrium constant for this reaction, Kc.

 [1]

 (c) For this equilibrium, the value of Kc is 4.0 at 298 K.
  A mixture containing 0.5 mol of ethanoic acid, 0.5 mol ethanol, 0.1 mol ethyl ethanoate 

and 0.1 mol water was set up and allowed to come to equilibrium at 298 K. The final 
volume of solution was V dm3.

  Calculate the amount, in moles, of each substance present at equilibrium.

 [4] 
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    Answer all the questions in the spaces provided.

1 Ethanoic acid can be reacted with alcohols to form esters, an equilibrium mixture being 
formed.

CH3CO2H  +  ROH    CH3CO2R  +  H2O

 The reaction is usually carried out in the presence of an acid catalyst.

 (a) Write an expression for the equilibrium constant, Kc, for this reaction, clearly stating the 
units.

  Kc  =

 units  .................................................  [2]

 In an experiment to determine Kc a student placed together in a conical flask 0.10 mol of 
ethanoic acid, 0.10 mol of an alcohol ROH, and 0.005 mol of hydrogen chloride catalyst.

 The flask was sealed and kept at 25 °C for seven days.
 After this time, the student titrated all of the contents of the flask with 2.00 mol dm–3 NaOH 

using phenolphthalein indicator.
 At the end-point, 22.5 cm3 of NaOH had been used.

 (b) (i) Calculate the amount, in moles, of NaOH used in the titration.

  (ii) What amount, in moles, of this NaOH reacted with the hydrogen chloride?

  (iii) Write a balanced equation for the reaction between ethanoic acid and NaOH.

  (iv) Hence calculate the amount, in moles, of NaOH that reacted with the ethanoic 
acid.

 [4]
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 (c) (i) Use your results from (b) to calculate the amount, in moles, of ethanoic acid present 
at equilibrium. Hence complete the table below.

CH3CO2H ROH CH3CO2R H2O

initial 
amount / mol 0.10 0.10 0 0

equilibrium 
amount / mol

  (ii) Use your results to calculate a value for Kc for this reaction.

 [3]

 (d) Esters are hydrolysed by sodium hydroxide. During the titration, sodium hydroxide reacts 
with ethanoic acid and the hydrogen chloride, but not with the ester.

  Suggest a reason for this.

 ..........................................................................................................................................

 .....................................................................................................................................  [1]

 (e) What would be the effect, if any, on the amount of ester present if all of the water were 
removed from the flask and the flask kept for a further week at 25 °C?

  Explain your answer.

 ..........................................................................................................................................

 ..........................................................................................................................................

 .....................................................................................................................................  [2]

 [Total: 12]
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(d) Under certain conditions the equilibrium pressures of the three gases are

nitrogen 44.8 atm,
hydrogen 105.6 atm,
ammonia 37.2 atm.

(i) Write an expression for the equilibrium constant, Kp, for the Haber Process.

(ii) Calculate Kp from these data, giving the units.

[4]

(e) One of the uses of ammonia is to form nitrates which are used as efficient inorganic
fertilisers. The uncontrolled use of these fertilisers has led to environmental problems.
Briefly describe and explain these problems.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[3]

[Total : 13]
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3 Concern over the ever-increasing use of fossil fuels has led to many suggestions for 
alternative sources of energy.  One of these, suggested by Professor George Olah, winner of 
a Nobel Prize in chemistry, is to use methanol, CH3OH, which can be obtained in a number 
of different ways.

 Methanol could be used instead of petrol in a conventional internal combustion engine or 
used to produce electricity in a fuel cell. 

 (a) Construct a balanced equation for the complete combustion of methanol.

 ..................................................................................................................................... [1]

 When hydrocarbon fuels are completely burned in an internal combustion engine, several 
toxic pollutants may be formed. 

 (b) State two toxic pollutants that can be produced after complete combustion of a 
hydrocarbon fuel in an internal combustion engine.

 
 ..........................................................................................................................................

 ..................................................................................................................................... [2]

 Methanol may be manufactured catalytically from synthesis gas, a mixture of CO, CO2 
and H2.  The CO is reacted with H2 to form methanol, CH3OH.

 
CO(g)  +  2H2(g)    CH3OH(g)                            ∆H  =  –91 kJ mol-1

 (c)  From your understanding of Le Chatelier’s principle, state two conditions that could be 
used in order to produce a high yield of methanol. 

  In each case, explain why the yield would increase.

condition 1  .......................................................................................................................

explanation  ......................................................................................................................

 ..........................................................................................................................................

condition 2  .......................................................................................................................

explanation  ......................................................................................................................

 ..................................................................................................................................... [4]
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 Carbon monoxide, which can be used to make methanol, may be formed by reacting carbon 
dioxide with hydrogen.

 
CO2(g)  +  H2(g)    CO(g)  +  H2O(g)                             Kc  =  1.44 at 1200 K

 (d) (i) It has been suggested that, on a large scale, this reaction could be helpful to the 
environment.  

   Explain, with reasons, why this would be the case.

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) A mixture containing 0.50 mol of CO2, 0.50 mol of H2, 0.20 mol of CO and 0.20 mol 
of H2O was placed in a 1.0 dm3 flask and allowed to come to equilibrium
at 1200 K.

   Calculate the amount, in moles, of each substance present in the equilibrium 
mixture at 1200 K.

    CO2          +  H2             CO          +          H2O   

   initial 0.50 0.50 0.20 0.20
   moles

[6]

[Total: 13]
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3  Methanol, CH3OH, is considered to be a possible alternative to fossil fuels, particularly for use 
in vehicles.

  Methanol can be produced from fossil fuels and from agricultural waste. It can also be 
synthesised from carbon dioxide and hydrogen.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 
change of formation of carbon dioxide.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [3]

 (b) Relevant         values for the reaction that synthesises methanol are given in the table.

compound

CO2(g) –394

CH3OH(g) –201

H2O(g) –242

 (i)  Use these values to calculate                for this synthesis of methanol.

  Include a sign in your answer.

CO2(g)  +  3H2(g)    CH3OH(g)  +  H2O(g)

�  = .........................kJ mol–1

 (ii)  Suggest one possible environmental advantage of this reaction. Explain your 
answer.

  ....................................................................................................................................

  ....................................................................................................................................
[5]
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3  Methanol, CH3OH, is considered to be a possible alternative to fossil fuels, particularly for use 
in vehicles.

  Methanol can be produced from fossil fuels and from agricultural waste. It can also be 
synthesised from carbon dioxide and hydrogen.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 
change of formation of carbon dioxide.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [3]

 (b) Relevant         values for the reaction that synthesises methanol are given in the table.

compound

CO2(g) –394

CH3OH(g) –201

H2O(g) –242

 (i)  Use these values to calculate                for this synthesis of methanol.

  Include a sign in your answer.

CO2(g)  +  3H2(g)    CH3OH(g)  +  H2O(g)

�  = .........................kJ mol–1

 (ii)  Suggest one possible environmental advantage of this reaction. Explain your 
answer.

  ....................................................................................................................................

  ....................................................................................................................................
[5]
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 (c)  The synthesis of methanol is carried out at about 500 K with a pressure of between 40 and 

100 atmospheres (between 4 u 106
 Pa and 10 u 107

 Pa) and using a catalyst. The use of

such conditions will affect both the rate of reaction and the equilibrium yield.

  In the spaces below, explain the effects of higher temperature, higher pressure, and the 

use of a catalyst on the equilibrium yield of methanol.

 higher temperature

 effect  .................................................................................................................................

 explanation  .......................................................................................................................

  ...........................................................................................................................................

 higher pressure

 effect  .................................................................................................................................

 explanation  .......................................................................................................................

  ...........................................................................................................................................

 use of catalyst

 effect  .................................................................................................................................

 explanation  .......................................................................................................................

  ...........................................................................................................................................

[6]

[Total: 14]
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2  Alcohols such as methanol, CH
3
OH, are considered to be possible replacements for fossil 

fuels because they can be used in car engines.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 

change of combustion,         , for methanol at 298 K.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [3]

  Methanol may be synthesised from carbon monoxide and hydrogen. Relevant           values 

for this reaction are given in the table below.

compound

CO(g) –283

H
2
(g) –286

CH
3
OH(g) –726

 (b)  Use these values to calculate                  for the synthesis of methanol, using the following 

equation. Include a sign in your answer.

CO(g)  +  2H
2
(g)  o  CH

3
OH(g)

 = ................kJ mol–1

[3]
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2  Alcohols such as methanol, CH
3
OH, are considered to be possible replacements for fossil 

fuels because they can be used in car engines.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 

change of combustion,         , for methanol at 298 K.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [3]

  Methanol may be synthesised from carbon monoxide and hydrogen. Relevant           values 

for this reaction are given in the table below.

compound

CO(g) –283

H
2
(g) –286

CH
3
OH(g) –726

 (b)  Use these values to calculate                  for the synthesis of methanol, using the following 

equation. Include a sign in your answer.

CO(g)  +  2H
2
(g)  o  CH

3
OH(g)

 = ................kJ mol–1

[3]
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 (c) The operating conditions for this reaction are as follows.

 pressure 200 atmospheres (2 u 107
 Pa)

 temperature 600 K

 catalyst oxides of Cr, Cu, and Zn

  In the spaces below, explain how each of these conditions affects the rate of formation 
of methanol.

 pressure

  ...........................................................................................................................................

  ...........................................................................................................................................

  ...........................................................................................................................................

 temperature

  ...........................................................................................................................................

  ...........................................................................................................................................

  ...........................................................................................................................................

 catalyst

  ...........................................................................................................................................

  ...........................................................................................................................................

  ...........................................................................................................................................
[6]

[Total: 12]
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2  Each of the Group VII elements chlorine, bromine and iodine forms a hydride.

 (a) (i)  Outline how the relative thermal stabilities of these hydrides change from HCl to HI.

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  Explain the variation you have outlined in (i).

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................
[3]

  Hydrogen iodide can be made by heating together hydrogen gas and iodine vapour. The 
reaction is incomplete.

H2(g)  +  I2(g)    2HI(g)

 (b)  Write an expression for Kc and state the units.

 Kc = ........................................... units ........................................... [2]

 (c)  For this equilibrium, the numerical value of the equilibrium constant Kc is 140 at 500 K and
59 at 650 K.

  Use this information to state and explain the effect of the following changes on the 
equilibrium position.

 (i)  increasing the pressure applied to the equilibrium

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  decreasing the temperature of the equilibrium

  ....................................................................................................................................

  ....................................................................................................................................
[4]
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 (d)  A mixture of 0.02 mol of hydrogen and 0.02 mol of iodine was placed in a 1 dm3 fl ask and 
allowed to come to equilibrium at 650 K.

  Calculate the amount, in moles, of each substance present in the equilibrium mixture at 
650 K.

 H2(g) + I2(g)  2HI(g)

 initial moles 0.02 0.02 0

[4]

[Total: 13] 
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3  Hydrogen is the most abundant element in the Universe, although on Earth only very small 
quantities of molecular hydrogen have been found to occur naturally.

  Hydrogen is manufactured on a large scale for use in the chemical industry and is also 
regarded as a possible fuel to replace fossil fuels in internal combustion engines.

 (a)  State one large scale use of hydrogen in the chemical industry.

  .....................................................................................................................................  [1]

  One common way of producing hydrogen on a large scale for use in the chemical industry 
is by the steam ‘reforming’ of methane (natural gas), in which steam and methane are 
passed over a catalyst at 1000–1400 K to produce carbon monoxide and hydrogen.

 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) ¨H = +206 kJ mol–1

 (b)  Use the information above to state and explain the effect on the equilibrium position of 
the following changes.

 (i)  increasing the pressure applied to the equilibrium

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  decreasing the temperature of the equilibrium

  ....................................................................................................................................

  ....................................................................................................................................
[4]

 (c)  What will be the effect on the rate of the reaction of increasing the pressure at which it is 
carried out? Explain your answer.

  ...........................................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [2]
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 (d)  Further hydrogen can be obtained by the ‘water-gas shift’ reaction in which the carbon 
monoxide produced is reacted with steam.

 CO(g)  +  H2O(g)    CO2(g)  +  H2(g) Kc  =  6.40 u 10–1 at 1100 K

  A mixture containing 0.40 mol of CO, 0.40 mol of H2O, 0.20 mol of CO2 and 0.20 mol of H2 
was placed in a 1 dm3 fl ask and allowed to come to equilibrium at 1100 K

 (i) Give an expression for Kc for this reaction.

 (ii)  Calculate the amount, in moles, of each substance present in the equilibrium mixture 
at 1100 K.

 CO(g) + H2O(g)  CO2(g) + H2(g)

 initial moles 0.40 0.40 0.20 0.20

[5]

[Total: 12] 
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2  Ammonium nitrate fertiliser is manufactured from ammonia. The fi rst reaction in the 
manufacture of the fertiliser is the catalytic oxidation of ammonia to form nitrogen monoxide, 
NO. This is carried out at about 1 u 103

 kPa (10 atmospheres) pressure and a temperature of 
700 to 850 qC.

 4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) ¨H   =  –906 kJ mol–1

 (a)  Write the expression for the equilibrium constant, Kp, stating the units.

 Kp  =

 units .................................. [2]

 (b)  What will be the effect on the yield of NO of each of the following?
 In each case, explain your answer.

 (i) increasing the temperature

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  decreasing the applied pressure

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................
[4]
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2  Methanol, CH
3
OH, can be produced industrially by reacting carbon monoxide, CO, with 

hydrogen, H
2
.

CO(g)  +  2H
2
(g)    CH

3
OH(g)              'H  =  –91 kJ mol–1

 The process is carried out at 4 u 103
 kPa (40 atmospheres) and 1150 K.

 (a) (i)  State Le Chatelier's Principle.

  ....................................................................................................................................

  ....................................................................................................................................

  ..............................................................................................................................  [2]

 (ii)  From your understanding of Le Chatelier’s Principle, state the conditions of 

temperature and pressure that could be used in order to produce an increased yield 

of methanol in this process.

  In each case, explain why the yield would increase.

 temperature  ...............................................................................................................

 explanation  ................................................................................................................

  ....................................................................................................................................

 pressure  .....................................................................................................................

 explanation  ................................................................................................................

  ....................................................................................................................................

[4]

CEDAR COLLEGE EQUILIBRIA WS 4



 150

!

5

9701/23/M/J/13© UCLES 2013 [Turn over

For
Examiner’s

Use

 (b)  The carbon monoxide for use in the production of methanol may be formed by reacting 
carbon dioxide with hydrogen.

CO2(g)  +  H2(g)    CO(g)  +  H2O(g)                 Kc  =  1.44 at 1200 K

  A mixture containing 0.70 mol of CO2, 0.70 mol of H2, 0.30 mol of CO and 0.30 mol of H2O 
was placed in a 1 dm3 fl ask and allowed to come to equilibrium at 1200 K.

  Calculate the amount, in moles, of each substance present in the equilibrium mixture at 
1200 K.

CO2      +      H2            CO      +      H2O

 initial 0.70 0.70 0.30 0.30
 moles

[4]

[Total: 10]
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3  Nitrogen dioxide, NO
2
, can enter the atmosphere in a variety of ways.

 (a) (i)  State one natural and one man-made source of atmospheric NO
2
.

 natural  .................................................................................................................................

 man-made  ..........................................................................................................................

[1]

 (ii)  Write an equation to show how NO
2
 leads to the formation of nitric acid in acid rain.

  .......................................................................................................................................   [1]

 (iii)  Use equations to illustrate the catalytic role of NO
2
 in the formation of sulfuric acid in acid 

rain.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (b)  Nitrogen dioxide exists in equilibrium with dinitrogen tetroxide, N
2
O

4
.

2NO
2
(g)    N

2
O

4
(g)

  2.00 mol of dinitrogen tetroxide was sealed in a container at 350 K. After equilibrium had been 

established the total pressure was 140 kPa and the mixture of gases contained 1.84 mol of 

dinitrogen tetroxide.

 (i)  Give the expression for the equilibrium constant, K
p
, for this equilibrium.

 K
p
 =

[1]

 (ii)  Calculate the number of moles of NO
2
 present at equilibrium.

[1]

 (iii)  Calculate the total number of moles of gas present at equilibrium and hence the mole 

fraction of each gas present at equilibrium.

[2]
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 (iv)  Calculate the partial pressure of each gas present at equilibrium.

[2]

 (v)  Calculate the value of the equilibrium constant, K
p
, at 350 K.

  Give your answer to three signifi cant fi gures and include the units.

K
p
 = .................................

units = .................................

[2]

[Total: 13]
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 (d)  The conversion of sulfur dioxide into sulfur trioxide is carried out at a temperature of 400 qC.

 (i)  With reference to Le Chatelier’s Principle and reaction kinetics, state and explain one 
advantage and one disadvantage of using a higher temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

 (ii)  State the expression for the equilibrium constant, Kp, for the formation of sulfur trioxide 
from sulfur dioxide.

 Kp =

[1]

 (iii)  2.00 moles of sulfur dioxide and 2.00 moles of oxygen were put in a fl ask and left to reach 
equilibrium.

  At equilibrium, the pressure in the fl ask was 2.00 × 105
 Pa and the mixture contained

1.80 moles of sulfur trioxide.

  Calculate Kp. Include the units.

Kp = ..............................

units = ..............................
[5]

[Total: 19]
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2  The Contact process for the manufacture of sulfuric acid was originally patented in the
19th century and is still in use today.

  The key step in the overall process is the reversible conversion of sulfur dioxide to sulfur trioxide in 
the presence of a vanadium(V) oxide catalyst.

 2SO2(g)  +  O2(g)    2SO3(g) ¨H = –196 kJ mol–1

 (a)  One way in which the sulfur dioxide for this reaction is produced is by heating the sulfi de ore 
iron pyrites, FeS2, in air. Iron(III) oxide is also produced. Write an equation for this reaction.

  ..............................................................................................................................................   [2]

 (b)  The sulfur trioxide produced in the Contact process is reacted with 98% sulfuric acid. The 
resulting compound is then reacted with water to produce sulfuric acid.

 (i)  Explain why the sulfur trioxide is not fi rst mixed directly with water.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (ii)  Write equations for the two steps involved in the conversion of sulfur trioxide into sulfuric 
acid.

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (c) (i)  Sulfur dioxide and sulfur trioxide both contain only S=O double bonds.

  Draw labelled diagrams to show the shapes of these two molecules.

 SO2 SO3

[2]

 (ii)  For your diagrams in (i), name the shapes and suggest the bond angles.

 SO2 shape  .................................................    SO3 shape  ...................................................

 SO2 bond angle  .........................................    SO3 bond angle  ...........................................
[2]

7
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 (d)  The conversion of sulfur dioxide into sulfur trioxide is carried out at a temperature of 400 qC.

 (i)  With reference to Le Chatelier’s Principle and reaction kinetics, state and explain one 
advantage and one disadvantage of using a higher temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

 (ii)  State the expression for the equilibrium constant, Kp, for the formation of sulfur trioxide 
from sulfur dioxide.

 Kp =

[1]

 (iii)  2.00 moles of sulfur dioxide and 2.00 moles of oxygen were put in a fl ask and left to reach 
equilibrium.

  At equilibrium, the pressure in the fl ask was 2.00 × 105
 Pa and the mixture contained

1.80 moles of sulfur trioxide.

  Calculate Kp. Include the units.

Kp = ..............................

units = ..............................
[5]

[Total: 19]
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2  The Haber process for the manufacture of ammonia, NH3, was originally devised at the start of the 
20th century and was developed into a full-scale industrial process by Carl Bosch in 1913.

  The key step in the process is the reversible reaction of nitrogen and hydrogen in the presence of 
an iron catalyst.

 N2(g)  +  3H2(g)    2NH3(g) ¨H = –92 kJ mol–1

 (a)  The hydrogen for this reaction can be formed by reacting methane with steam, during which 
carbon monoxide is also produced. Write an equation for this reaction.

  ..............................................................................................................................................   [1]

 (b)  Use the Boltzmann distribution shown to explain why a catalyst increases the rate of this 
reaction.

number of
molecules

kinetic energy

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................   [4]

 (c)  Draw a three-dimensional diagram to show the shape of an ammonia molecule. Name this 
shape and state the bond angle.

 shape .......................................................................................  bond angle ........................  [3]
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 (d)  The Haber process is typically carried out at a temperature of 400 qC.

 (i)  With reference to Le Chatelier’s Principle and reaction kinetics, state and explain one 
advantage and one disadvantage of using a higher temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

 (ii)  State the expression for the equilibrium constant, Kp, for the formation of ammonia from 
nitrogen and hydrogen in the Haber process.

 Kp =

[1]

 (iii)  2.00 moles of nitrogen and 3.00 moles of hydrogen were put in a vessel and left to reach 
equilibrium.

  At equilibrium, the pressure was 2.00 × 107
 Pa and the mixture contained 1.60 moles of 

ammonia.

  Calculate Kp. Include the units.

Kp = ............................

units = ............................
[5]

[Total: 18]
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2  Dinitrogen tetraoxide, N
2
O

4
, and nitrogen dioxide, NO

2
, exist in dynamic equilibrium with each other.

 N
2
O

4
(g)    2NO

2
(g) ∆H = +54 kJ mol–1

  The energy profile for this reaction is shown.

energy

reaction pathway

N2O4 (g)

2NO2(g)

 (a)  Add labelled arrows to the energy profile to indicate

 •  the enthalpy change of the reaction, ∆H,

 •  the activation energy of the forward reaction, E
a
.

[2]

 (b)  0.0500 mol of N
2
O

4
 was placed in a sealed vessel of volume 1.00 dm3, at a temperature of 50 °C 

and a pressure of 1.68 × 105 Pa. The mass of the resulting equilibrium mixture was 4.606 g.

 (i)  Calculate the average molecular mass, M
r
, of the resulting equilibrium mixture. Give your 

answer to three significant figures.

M
r
 = .............................  [2]

 (ii)  The number of moles of N
2
O

4
 that dissociated can be represented by n. 

 State, in terms of n, the amount, in moles, of NO
2
 in the equilibrium mixture.

moles of NO
2
 = .............................  [1]
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2  Dinitrogen tetraoxide, N
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, and nitrogen dioxide, NO
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, exist in dynamic equilibrium with each other.

 N
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O

4
(g)    2NO

2
(g) ∆H = +54 kJ mol–1

  The energy profile for this reaction is shown.

energy

reaction pathway

N2O4 (g)

2NO2(g)

 (a)  Add labelled arrows to the energy profile to indicate

 •  the enthalpy change of the reaction, ∆H,

 •  the activation energy of the forward reaction, E
a
.

[2]

 (b)  0.0500 mol of N
2
O

4
 was placed in a sealed vessel of volume 1.00 dm3, at a temperature of 50 °C 

and a pressure of 1.68 × 105 Pa. The mass of the resulting equilibrium mixture was 4.606 g.

 (i)  Calculate the average molecular mass, M
r
, of the resulting equilibrium mixture. Give your 

answer to three significant figures.

M
r
 = .............................  [2]

 (ii)  The number of moles of N
2
O

4
 that dissociated can be represented by n. 

 State, in terms of n, the amount, in moles, of NO
2
 in the equilibrium mixture.

moles of NO
2
 = .............................  [1]

!

4

9701/22/O/N/16© UCLES 2016

2  Dinitrogen tetraoxide, N
2
O

4
, and nitrogen dioxide, NO

2
, exist in dynamic equilibrium with each other.

 N
2
O

4
(g)    2NO

2
(g) ∆H = +54 kJ mol–1

  The energy profile for this reaction is shown.

energy

reaction pathway

N2O4 (g)

2NO2(g)

 (a)  Add labelled arrows to the energy profile to indicate

 •  the enthalpy change of the reaction, ∆H,

 •  the activation energy of the forward reaction, E
a
.

[2]

 (b)  0.0500 mol of N
2
O

4
 was placed in a sealed vessel of volume 1.00 dm3, at a temperature of 50 °C 

and a pressure of 1.68 × 105 Pa. The mass of the resulting equilibrium mixture was 4.606 g.

 (i)  Calculate the average molecular mass, M
r
, of the resulting equilibrium mixture. Give your 

answer to three significant figures.

M
r
 = .............................  [2]

 (ii)  The number of moles of N
2
O

4
 that dissociated can be represented by n. 

 State, in terms of n, the amount, in moles, of NO
2
 in the equilibrium mixture.

moles of NO
2
 = .............................  [1]
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  The number of moles of N
2
O

4
 remaining at equilibrium is (0.05 – n).

 (iii)  State, in terms of n, the total amount, in moles, of gas in the equilibrium mixture.

[1]

 (iv)  State, in terms of n, the mole fraction of NO
2
 in the equilibrium mixture.

[1]

  In this equilibrium mixture, the mole fraction of NO
2
 is 0.400.

 (v)  Use your answers to (ii) and (iv) to calculate the amount in moles of each gas in the 

equilibrium mixture. Give your answers to three significant figures.

amount of N
2
O

4
 = ............................. mol

amount of NO
2
 = ............................. mol

[2]

 (vi)  Write the expression for the equilibrium constant, K
p
, for this equilibrium.

 K
p
 =

[1]

 (vii)  Use the total pressure of the mixture, 1.68 × 10
5
 Pa, to calculate the value of the equilibrium 

constant, K
p
, and give its units.

K
p
 = .............................

units = .............................

[3]

[Total: 13]
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Reaction kinetics

The investigation of the factors that affect the rate of a chemical reaction is important 
in the study of physical chemistry. The temperature and the addition of a catalyst can 
both affect the progression of a chemical reaction.

a explain and use the term rate of reaction

b explain qualitatively, in terms of collisions, the effect of concentration  
changes on the rate of a reaction

c explain and use the term activation energy, including reference to the Boltzmann 
distribution

d explain qualitatively, in terms both of the Boltzmann distribution and of collision 
frequency, the effect of temperature change on the rate of a reaction

e
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8 Reaction kinetics

The investigation of the factors that affect the rate of a chemical reaction is important in the study of 
physical chemistry. The temperature and the addition of a catalyst can both affect the progression of a 
chemical reaction. 

Learning outcomes 
Candidates should be able to: 

8.1 Simple rate 
equations; orders 
of reaction; rate 
constants

a) explain and use the term rate of reaction
b) explain qualitatively, in terms of collisions, the effect of concentration 

changes on the rate of a reaction
c) explain and use the terms rate equation, order of reaction, rate 

constant, half-life of a reaction, rate-determining step
d) construct and use rate equations of the form rate = k[A]m[B]n (for 

which m and n are 0, 1 or 2), including:

(i)  deducing the order of a reaction, or the rate equation for a 
reaction, from concentration-time graphs or from experimental 
data relating to the initial rates method and half-life method

(ii)  interpreting experimental data in graphical form, including 
concentration-time and rate-concentration graphs

(iii)  calculating an initial rate using concentration data 

(integrated forms of rate equations are not required)

e) (i)  show understanding that the half-life of a first-order reaction is 
independent of concentration

(ii) use the half-life of a first-order reaction in calculations

f) calculate the numerical value of a rate constant, for example by 
using the initial rates or half-life method

g) for a multi-step reaction:

(i)  suggest a reaction mechanism that is consistent with the rate 
equation and the equation for the overall reaction

(ii)  predict the order that would result from a given reaction 
mechanism (and vice versa)

h) devise a suitable experimental technique for studying the rate of a 
reaction, from given information 

8.2  Effect of 
temperature on 
reaction rates and 
rate constants; the 
concept of activation 
energy

a) explain and use the term activation energy, including reference to the 
Boltzmann distribution 

b) explain qualitatively, in terms both of the Boltzmann distribution and of 
collision frequency, the effect of temperature change on the rate of a 
reaction

c) explain qualitatively the effect of temperature change on a rate 
constant and hence the rate of a reaction 

Syllabus content
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REACTION KINETICS

BOLTZMANN DISTRIBUTION OF MOLECULAR ENERGY

All particles have energy - the 

greater their temperature, the more 

energy they possess. The greater 

their kinetic energy the faster they 

travel.   

Because of the many collisions 

taking place between molecules, 

there is a spread of molecular 

energies and velocities. 
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BOLTZMANN DISTRIBUTION OF MOLECULAR ENERGY

No particles have zero energy/velocity 

Some have very low and some have 

very high energies/velocities 

Most have intermediate velocities.
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INCREASING TEMPERATURE

Shift to higher energies/velocities 

Curve gets broader and flatter due to the 

greater spread of values 

Area under the curve stays constant - it 

corresponds to the total number of particles
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DECREASING TEMPERATURE

Shift to lower energies/velocities 

Curve gets narrower and more pointed 

due to the smaller spread of values 

Area under the curve stays constant - it 

corresponds to the total number of 

particles

 5

T1 

T3 
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REVIEW

No particles have zero energy/velocity 

Some particles have very low and some 

have very high energies/velocities 

Most have intermediate velocities 

As the temperature increases the 

curves flatten, broaden and shift to 

higher energies
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ACTIVATION ENERGY - EA

 7

1579  Rates of reaction

10 °C rise in temperature this area approximately doubles, 
as does the rate of many reactions.

Th erefore increasing the temperature increases the rate 
of reaction because:
• the increased energy results in particles moving around 

more quickly which increases the frequency of collisions
• the proportion of successful collisions (i.e. those that 

result in a reaction) increases because the proportion of 
particles exceeding the activation energy increases. Th is 
is the more important factor.

In Figure 9.8, the activation energy is labelled. 
Reme mber that the activation energy is the minimum 
energy required for particles to react. When we raise the 
temperature of a reaction mixture, the average kinetic 
(movement) energy of the particles increases. Particles 
in solution and in gases will move around more quickly 
at a higher temperature, resulting in more frequent 
collisions. However, experiments show us that the eff ect 
of temperature on rate of reaction cannot be totally 
explained by more frequent collisions. Th e key factor 
is that the proportion of successful collisions increases 
greatly as we increase the temperature. Th e distribution 
of molecular energies changes as we raise the temperature, 
as shown in Figure 9.9. Th e curve fl attens and the peak 
shifts to the right.

Th e area under the curve represents the number of 
particles. Th e shaded area shows the number of particles 
with energy greater than the activation energy. For a 

3 a What is the Boltzmann distribution?
b Explain why a 10 °C rise in temperature 

can approximately double the rate of a 
reaction.

Check-up

9.4 Catalysis
In Figure 9.6 we saw how a catalyst works by providing 
an alternative mechanism (or route) with a lower 
activation energy. We can show this on a Boltzmann 
distribution (Figure 9.10).

Ludwig Boltzmann’s ideas were not accepted by many of his 
peers in his lifetime. The frequent attacks on his work led him 
to feel disillusioned. Depressed and in bad health, he hanged 
himself. Soon after his death his theories were fi nally accepted 
by the scientifi c community.

Fact fi le

Figure 9.9 The Boltzmann distribution of molecular energies at 
temperatures T °C and (T + 10) °C, showing the activation energy.
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When the sample is heated, the mean energy of the
molecules increases. There is a wider spread of values.

Ea – at and above this energy
the molecules have enough
energy to collide effectively.
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Figure 9.8 The Boltzmann distribution of molecular energies, showing 
the activation energy.
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Figure 9.10 The Boltzmann distribution of molecular energies, showing 
the activation energy with and without a catalyst.
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INCREASING TEMPERATURE
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as does the rate of many reactions.

Th erefore increasing the temperature increases the rate 
of reaction because:
• the increased energy results in particles moving around 

more quickly which increases the frequency of collisions
• the proportion of successful collisions (i.e. those that 

result in a reaction) increases because the proportion of 
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Th e area under the curve represents the number of 
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3 a What is the Boltzmann distribution?
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an alternative mechanism (or route) with a lower 
activation energy. We can show this on a Boltzmann 
distribution (Figure 9.10).
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CATALYSTS

 9

1579  Rates of reaction

10 °C rise in temperature this area approximately doubles, 
as does the rate of many reactions.

Th erefore increasing the temperature increases the rate 
of reaction because:
• the increased energy results in particles moving around 

more quickly which increases the frequency of collisions
• the proportion of successful collisions (i.e. those that 

result in a reaction) increases because the proportion of 
particles exceeding the activation energy increases. Th is 
is the more important factor.

In Figure 9.8, the activation energy is labelled. 
Reme mber that the activation energy is the minimum 
energy required for particles to react. When we raise the 
temperature of a reaction mixture, the average kinetic 
(movement) energy of the particles increases. Particles 
in solution and in gases will move around more quickly 
at a higher temperature, resulting in more frequent 
collisions. However, experiments show us that the eff ect 
of temperature on rate of reaction cannot be totally 
explained by more frequent collisions. Th e key factor 
is that the proportion of successful collisions increases 
greatly as we increase the temperature. Th e distribution 
of molecular energies changes as we raise the temperature, 
as shown in Figure 9.9. Th e curve fl attens and the peak 
shifts to the right.

Th e area under the curve represents the number of 
particles. Th e shaded area shows the number of particles 
with energy greater than the activation energy. For a 

3 a What is the Boltzmann distribution?
b Explain why a 10 °C rise in temperature 

can approximately double the rate of a 
reaction.

Check-up

9.4 Catalysis
In Figure 9.6 we saw how a catalyst works by providing 
an alternative mechanism (or route) with a lower 
activation energy. We can show this on a Boltzmann 
distribution (Figure 9.10).

Ludwig Boltzmann’s ideas were not accepted by many of his 
peers in his lifetime. The frequent attacks on his work led him 
to feel disillusioned. Depressed and in bad health, he hanged 
himself. Soon after his death his theories were fi nally accepted 
by the scientifi c community.
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CATALYSIS

Catalysts increase the rate of a chemical reaction. They do this by providing an 

alternative pathway for the reaction with lower activation energy.  

We can divide catalysts into two main classes. 

 10

Catalysis

Homogeneous Catalysis Heterogeneous Catalysis 
Occurs when the catalyst is in the 

same phase as the reaction mixture. 

For example: hydrogen ions catalyse 

the hydrolysis of esters.

Occurs when the catalyst is in a different phase 

to the reaction mixture. For example, 

decomposition of aqueous hydrogen peroxide 

catalysed by manganese(IV) oxide.
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HOMOGENEOUS CATALYSIS

Homogeneous catalysis often involves changes in oxidation number of the ions involved 

in catalysis. 

Ions of transition elements are often good catalysts because of their ability to change 

oxidation number. 

Examples: 

1. The catalytic role of atmospheric oxides of nitrogen in the oxidation of atmospheric 

sulfur dioxide.  

2. Catalytic role of Fe3+ in the I–/S2O82– reaction.

 11

HETEROGENEOUS CATALYSIS

The mechanism of this catalysis can be explained using the theory of adsorption. Chemical 

adsorption (also called chemisorption) occurs when molecules become bonded to atoms on 

the surface of a solid. 

You must be careful to distinguish between the words adsorb and absorb. Adsorb means to 

bond to the surface of a substance. Absorb means to move right into the substance – rather 

like a sponge absorbs water. 

Examples: 

1. Iron in the Haber Process 

2. Transition elements in catalytic converters 

3. Vanadium (V) oxide in the contact process

 12
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REACTION KINETICS WS 1
SECTION A

1

2

 

3 

© UCLES 2016 9701/12/F/M/16 [Turn over 

5 Nitric oxide, NO, and bromine vapour react together according to the following equation. 

 

 2NO(g)  +  Br2(g)  →  2NOBr(g) ΔH 
o
= –23 kJ mol

–1
 

 

The reaction has an activation energy of +5.4 kJ mol
–1

. 

 

What is the correct reaction pathway diagram for this reaction? 

 

enthalpy
/ kJ mol–1

extent of reaction

A

∆H o
EA

EA

enthalpy
/ kJ mol–1

extent of reaction

B

∆H o

EA

enthalpy
/ kJ mol–1

extent of reaction

C

EA

∆H o
enthalpy
/ kJ mol–1

extent of reaction

D

∆H o

 
 

 

6 Which series shows molecules in order of increasing bond angle? 

A CH4 → BF3 → NH3 

B H2O → CO2 → BF3 

C NH3 → CH4 → CO2 

D NH3 → CH4 → H2O 

 

 

7 What is the volume of steam produced when 1.00 g of ice is heated to 323 °C at a pressure of 

101 kPa? 

 

A 0.27 dm
3
 B 1.3 dm

3
 C 2.7 dm

3
 D 48 dm

3
 

 

 

 

5 
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11 Ammonia is made by the Haber process. The reactants are nitrogen and hydrogen. 

 

 N2(g)  +  3H2(g)    2NH3(g) ∆H –ve 

 

What will increase the rate of the forward reaction? 

A adding argon to the mixture but keeping the total volume constant 

B decreasing the temperature 

C increasing the total pressure by reducing the total volume at constant temperature 

D removing ammonia as it is made but keeping the total volume of the mixture the same 

 

 

12 X is a Group II metal. The carbonate of X decomposes when heated in a Bunsen flame to give 

carbon dioxide and a white solid residue as the only products. This white solid residue is 

sparingly soluble in water. Even when large amounts of the solid residue are added to water the 

pH of the saturated solution is less than that of limewater. 

 

What could be the identity of X? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

13 Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

14 Use of the Data Booklet is relevant to this question. 

 

Which of the elements sodium, magnesium, aluminium, silicon, phosphorus, sulfur and chlorine 

 

• has a lower first ionisation energy than the preceding element in the Periodic Table, 

• conducts electricity and 

• has a lower atomic radius than the preceding element in the Periodic Table? 

A aluminium 

B magnesium 

C phosphorus 

D sulfur 

CEDAR COLLEGE REACTION KINETICS WS 1



 168

3

4

5

 

5 

© UCLES 2016 9701/11/M/J/16 [Turn over 

11 Enzymes are biological catalysts. Many enzymes show specificity. An example of an enzyme 

which shows specificity is glucokinase. Glucokinase is involved in the metabolism of glucose. 

 

What does specificity mean in this context? 

A Glucokinase is most effective as a catalyst over a narrow pH range. 

B Glucokinase is most effective as a catalyst over a narrow range of temperatures. 

C Glucokinase only operates on a narrow range of substrate molecules. 

D Glucokinase provides an alternative route for the reactions it catalyses. 

 

 

12 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

13 Elements D and E are both in Period 3. Element D has the smallest atomic radius in Period 3. 

There are only two elements in Period 3 which have a lower melting point than element E. 

Elements D and E react together to form compound L. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

14 X and Y are both Group 2 metals. 

 

X and Y both form hydroxide compounds, but X(OH)2 is more soluble in water than Y(OH)2. 

 

If a piece of metal Y is put into cold water a very slow reaction occurs, and only a very few, small 

hydrogen bubbles can be seen. 

 

What could be the identities of X and Y? 

 

 X Y 

A barium magnesium 

B barium strontium 

C calcium strontium 

D magnesium calcium 

 

 

 

5 
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10 A large excess of marble chips was reacted with 25 cm3 of 1.0 mol dm–3 hydrochloric acid at 40 °C. 
 

How will the result be different when the reaction is repeated with 60 cm3 of 0.5 mol dm–3 
hydrochloric acid at 40 °C? 

A The reaction is faster and less of the products are made. 

B The reaction is faster and more of the products are made. 

C The reaction is slower and less of the products are made. 

D The reaction is slower and more of the products are made. 
 
 
11 Which change alters the activation energy of a given reaction? 
 

A adding a suitable catalyst 

B changing the particle size of the reactants 

C changing the pressure at which the reaction is carried out 

D changing the temperature at which the reaction is carried out 
 
 
12 The relative magnitude of the property X of five elements is shown. P, Q, R, S and T are all in 

Period 3 and have consecutive atomic numbers. 
 

X

atomic number

P
Q

R

S T

 
 

Which row shows a correct pairing of property X and element R? 
 

 property X element R 

A electrical conductivity Al 

B electronegativity Si 

C melting point Al 

D second ionisation energy Si 
 
 

 

2 

© UCLES 2016 9701/12/M/J/16  

Section A 

 

For each question there are four possible answers, A, B, C and D. Choose the one you consider to 

be correct. 

 

Use of the Data Booklet may be appropriate for some questions. 

 

 

1 The diagram shows the Boltzmann distribution of energies in 1 mole of a gas. The gas can take 

part in a reaction with an activation energy, Ea. 

 

proportion of molecules
with a given energy

molecular energy

Ea0
0

P

 

 

Which statement correctly describes the effect of an increase in temperature? 

A Peak P will be higher and fewer molecules will have energy > Ea. 

B Peak P will be higher and more molecules will have energy > Ea. 

C Peak P will be lower and fewer molecules will have energy > Ea. 

D Peak P will be lower and more molecules will have energy > Ea. 

 

 

2 Four electronic configurations are shown below. Three of these configurations belong to atoms of 

the elements chlorine, sodium and vanadium. 

 

Which electronic configuration belongs to an atom of another element? 

A 1s
2

2s
2

2p
6

3s
1

 

B 1s
2

2s
2

2p
6

3s
2

3p
5

 

C 1s
2

2s
2

2p
6

3s
2

3p
6

3d
3

4s
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
6

3d
6

4s
2
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11 The diagram shows the Boltzmann distribution of the energy of gaseous molecules at a particular 

temperature. 

 

molecular energy E

proportion
of molecules
with energy E

X

Y

0
0

 
 

Which statement is correct? 

A If the temperature of the gas is raised, the height of the maximum of the curve increases. 

B If the temperature of the gas is raised, the maximum of the curve moves to the right. 

C The length of the line labelled X shows the activation energy for the reaction. 

D The length of the line labelled Y shows the enthalpy change of the reaction. 

 

 

12 Magnesium chloride, MgCl 2, and silicon tetrachloride, SiCl 4, are separately added to water. 

 

What are the approximate pH values of the solutions formed? 

 

 MgCl 2 SiCl 4 

A 0–3 0–3 

B 0–3 6–7 

C 6–7 0–3 

D 6–7 6–7 

 

  

 

5 
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10 The diagram shows the distribution of molecular energies in a sample of gas at a temperature T1. 
The activation energy for an uncatalysed reaction of this gas, Ea(uncat), is shown. 

 

molecular energy E

T1

proportion
of molecules
with a given
energy

Ea(uncat)

0
0

 
 

Which diagram correctly shows the new distribution and new activation energy, Ea(cat), when the 
temperature is increased to T2, and a catalyst is used that increases the rate of the reaction? 

 

proportion
of molecules
with a given
energy

molecular energy E

A
T1

Ea(cat)

Ea(cat)

proportion
of molecules
with a given
energy

molecular energy E

B
T1

T2

T2 T2

T2

Ea(uncat)

Ea(uncat)

Ea(uncat)

Ea(uncat)

proportion
of molecules
with a given
energy

molecular energy E

C
T1

Ea(cat)

Ea(cat)

proportion
of molecules
with a given
energy

molecular energy E

D
T1

0
0

0
0

0
0

0
0

 
 
 
11 200 g of water are at 25 °C. 
 

The water is heated to 75 °C by burning 2 g of ethanol. 
 

What is the amount of energy transferred to the water? 

A 0.418 kJ B 10.4 kJ C 41.8 kJ D 62.7 kJ 
 
 

5 
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10 The diagram shows the distribution of molecular energies in a sample of gas at a temperature T1. 
The activation energy for an uncatalysed reaction of this gas, Ea(uncat), is shown. 
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0
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Which diagram correctly shows the new distribution and new activation energy, Ea(cat), when the 
temperature is increased to T2, and a catalyst is used that increases the rate of the reaction? 

 

proportion
of molecules
with a given
energy

molecular energy E

A
T1

Ea(cat)

Ea(cat)

proportion
of molecules
with a given
energy

molecular energy E

B
T1

T2

T2 T2

T2

Ea(uncat)

Ea(uncat)

Ea(uncat)

Ea(uncat)

proportion
of molecules
with a given
energy

molecular energy E

C
T1

Ea(cat)

Ea(cat)

proportion
of molecules
with a given
energy

molecular energy E

D
T1

0
0

0
0

0
0

0
0

 
 
 
11 200 g of water are at 25 °C. 
 

The water is heated to 75 °C by burning 2 g of ethanol. 
 

What is the amount of energy transferred to the water? 

A 0.418 kJ B 10.4 kJ C 41.8 kJ D 62.7 kJ 
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11 The Boltzmann distribution for the hydrogenation of an alkene at a particular temperature in the 

absence of a catalyst is shown. 

 

 

 

Which row correctly describes the effects of adding nickel to the reaction vessel? 

 

 
the shape of the 

Boltzmann distribution 
activation energy, Ea 

A changes decreases 

B changes increases 

C does not change decreases 

D does not change increases 

 

 

12 The elements magnesium and sulfur each form doubly charged ions. 

 

How do the atomic radii and ionic radii of these elements compare? 

 

 
atomic 

radius 
 

ionic 

radius 

atomic 

radius 
 

ionic 

radius

A Mg > Mg
2+

 S > S
2–

 

B Mg > Mg
2+

 S < S
2–

 

C Mg < Mg
2+

 S > S
2–

 

D Mg < Mg
2+

 S < S
2–

 

 

 

molecular energy E

proportion
of molecules
with energy E

Ea

0
0
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10 Methanol can be produced from hydrogen and carbon monoxide. 
 

2H2(g)  +  CO(g)    CH3OH(g) 
 

What is the expression for K p for this reaction? 
 

A K p = 

OHCH

CO
2

H

3

2
)(2

p
pp ×

 

B K p = 

OHCH

CO
2

H

3

2
)(
p

pp ×
 

C K p = 

CO
2

H

OHCH

)(
2

3

pp
p

×
 

D K p = 2
HCO

OHCH

)(2
2

3

pp
p
×

 

 
 
11 When 4 g of powdered calcium carbonate, Mr = 100, were added to 100 cm3 of 0.10 mol dm–3 

hydrochloric acid the volume of carbon dioxide produced was recorded. 
 

time / s 30 60 90 120 150 180 210 240 

total volume of carbon 
dioxide given off / cm3 40 70 88 101 110 116 120 120 

 
Which row gives the correct explanations about these results? 

 

 why the rate of the 
reaction changes with time why the reaction stops 

A 
 

fewer collisions between  
reacting molecules occur 

the calcium carbonate is used up 
 

B 
 

fewer collisions between  
reacting molecules occur 

the hydrochloric acid is used up 
 

C 
 

more collisions between  
reacting molecules occur 

the calcium carbonate is used up 
 

D 
 

more collisions between  
reacting molecules occur 

the hydrochloric acid is used up 
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10 A large excess of marble chips was reacted with 25 cm3 of 1.0 mol dm–3 hydrochloric acid at 40 °C. 
 

How will the result be different when the reaction is repeated with 60 cm3 of 0.5 mol dm–3 
hydrochloric acid at 40 °C? 

A The reaction is faster and less of the products are made. 

B The reaction is faster and more of the products are made. 

C The reaction is slower and less of the products are made. 

D The reaction is slower and more of the products are made. 
 
 
11 Which change alters the activation energy of a given reaction? 
 

A adding a suitable catalyst 

B changing the particle size of the reactants 

C changing the pressure at which the reaction is carried out 

D changing the temperature at which the reaction is carried out 
 
 
12 The relative magnitude of the property X of five elements is shown. P, Q, R, S and T are all in 

Period 3 and have consecutive atomic numbers. 
 

X

atomic number

P
Q

R

S T

 
 

Which row shows a correct pairing of property X and element R? 
 

 property X element R 

A electrical conductivity Al 

B electronegativity Si 

C melting point Al 

D second ionisation energy Si 
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10 A large excess of marble chips was reacted with 25 cm3 of 1.0 mol dm–3 hydrochloric acid at 40 °C. 
 

How will the result be different when the reaction is repeated with 60 cm3 of 0.5 mol dm–3 
hydrochloric acid at 40 °C? 

A The reaction is faster and less of the products are made. 

B The reaction is faster and more of the products are made. 

C The reaction is slower and less of the products are made. 

D The reaction is slower and more of the products are made. 
 
 
11 Which change alters the activation energy of a given reaction? 
 

A adding a suitable catalyst 

B changing the particle size of the reactants 

C changing the pressure at which the reaction is carried out 

D changing the temperature at which the reaction is carried out 
 
 
12 The relative magnitude of the property X of five elements is shown. P, Q, R, S and T are all in 

Period 3 and have consecutive atomic numbers. 
 

X

atomic number

P
Q

R

S T

 
 

Which row shows a correct pairing of property X and element R? 
 

 property X element R 

A electrical conductivity Al 

B electronegativity Si 

C melting point Al 

D second ionisation energy Si 
 
 

 

5 
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10 Oxidation of ethanedioate ions by acidified manganate(VII) ions is very slow at room 

temperature. 

 

2MnO4

–

  +  5C2O4

2–

  +  16H
+

  →  2Mn
2+

  +  10CO2  +  8H2O 

 

Mn
2+

 ions catalyse this reaction. 

 

Which graph shows how the concentration of acidified manganate(VII) ions varies after 

ethanedioate ions are added? 

 

concentration
of MnO4

–

time

A

concentration
of MnO4

–

time

B

concentration
of MnO4

–

time

C

concentration
of MnO4

–

time

D

 

 

 

11 Ammonia is manufactured from nitrogen and hydrogen using the Haber process. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

What is the expression for Kc for this equilibrium? 

A 

(g)]3[H    (g)][N

(g)]2[NH

22

3

+

 

B 

(g)]3[H    (g)][N

(g)]2[NH

22

3

×

 

C 
3

22

2

3

(g)][H    (g)][N

(g)][NH

+

 

D 
3

22

2

3

(g)][H    (g)][N

(g)][NH

×
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9 Materials can be classified by their chemical structures. Four common types of structure are 
metallic, ionic, simple molecular and giant molecular. 

 
Some physical properties of four substances are shown in the table. 

 
Which substance has a simple molecular structure? 

 

 melting point 
/ °C 

effect of 
adding water 

electrical 
conductivity 

A 64 reacts good when solid 

B 113 insoluble always poor 

C 767 soluble good when solid 

D 1600 insoluble always poor 
 
 
10 In a particular reversible reaction the yield of product is increased 
 

● if the temperature is increased; 

● if the pressure is decreased. 
 

Which equation could describe this reversible reaction? 

A CH4(g)  +  H2O(g)    3H2(g)  +  CO(g) 'H = +206 kJ mol–1 

B 4NH3(g)  +  3O2(g)    2N2(g)  +  6H2O(g) 'H = –227 kJ mol–1 

C 2NO2(g)    N2O4(g) 'H = –58 kJ mol–1 

D 3O2(g)    2O3(g) 'H = +143 kJ mol–1 
 
 
11 A chemical company used a catalyst in a chemical process. The company has now decided not 

to use the catalyst but to increase the temperature so that the rate of the reaction is the same as 
it was when the catalyst was used. 

 
Which statement about the new conditions compared to the original conditions is correct? 

A The activation energy has been decreased. 

B The activation energy has been increased. 

C There are fewer successful collisions per unit time. 

D There are more successful collisions per unit time. 
 
 
12 Which oxide does not react with cold, dilute sodium hydroxide to produce a salt? 

A Al 2O3 B P4O10 C SO2 D SiO2 
 
 

=
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Section A 
 
For each question there are four possible answers, A, B, C and D. Choose the one you consider to 
be correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 This question refers to isolated gaseous atoms. 
 

In which atom are all electrons paired? 

A Ba B Br C S D Si 
 
 
2 Which compound has a boiling point that is influenced by hydrogen bonding? 

A CH3CHO B CH3OCH3 C HCO2CH3 D HCO2H 
 
 
3 Which fuel would produce the largest mass of CO2 when 10 kg of the fuel undergo complete 

combustion? 

A biodiesel, C17H34O2 

B ethanol, C2H6O 

C octane, C8H18 

D propane, C3H8 
 
 
4 The diagram shows the Boltzmann distribution of energies in a gas. The gas can take part in a 

reaction with an activation energy, Ea. The gas is maintained at a constant temperature. 
 

proportion of
molecules with
a given energy

molecular energy
Ea

P

0
0

 
 

Which statement is correct? 

A If a catalyst is added, peak P will be lower and Ea will move to the left. 

B If a catalyst is added, peak P will be lower and Ea will move to the right. 

C If a catalyst is added, peak P will be the same and Ea will move to the left. 

D If a catalyst is added, peak P will be the same and Ea will move to the right. 
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10 Which reaction is not a redox reaction? 

A Mg  +  2HNO3  →  Mg(NO3)2  +  H2 

B 2Mg(NO3)2  →  2MgO  +  4NO2  +  O2 

C SO2  +  NO2  →  SO3  +  NO 

D SO3  +  H2O  →  H2SO4 
 
 
11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2  +  O2    2SO3 'H 

o = –196 kJ mol–1 
 

Which conditions of pressure and temperature favour the reverse reaction? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
 
 
12 Which statement about the effect of a catalyst on a reversible reaction is correct? 

A The activation energy of the forward reaction stays the same. 

B The composition of the equilibrium mixture stays the same. 

C The rate of the backward reaction stays the same. 

D The value of the equilibrium constant changes. 
 
 
13 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
 
 
14 X, Y and Z are three elements in the third period. 
 

● X reacts with chlorine to give a liquid product. 

● Y reacts with chlorine to give a solid product that dissolves in water to give a 
solution of pH 7. 

● Z reacts with chlorine to give a solid product that dissolves in water to give a solution 
of pH 6. 

 
Which elements are good conductors of electricity? 

A X and Y B Y and Z C Y only D Z only 
 
 

�
[J‘18 P13 Q18]

7 

© UCLES 2018 9701/13/M/J/18 [Turn over 

17 Silver chloride and silver iodide form equilibria when added to water. 
 
 AgCl(s)    Ag+(aq)  +  Cl –(aq) Kc = K1 

 AgI(s)    Ag+(aq)  +  I–(aq) Kc = K2 
 

Each equilibrium position lies well to the left. 
 

Silver iodide will not dissolve in aqueous ammonia. Silver chloride will dissolve in aqueous 
ammonia. Another equilibrium is formed. 

 
 Ag+(aq)  +  2NH3(aq)    Ag(NH3)2

+(aq) Kc = K3 
 

The position of this equilibrium lies to the right. 
 

What is the order of magnitude for these three equilibrium constants? 

A K1 > K2 > K3 

B K2 > K1 > K3 

C K3 > K1 > K2 

D K3 > K2 > K1 
 
 
18 Elements and their compounds are important as catalysts. 
 

In which process is a compound used, rather than an element? 

A catalytic converters 

B Contact process 

C Haber process 

D hydrogenation of alkenes 
 
 
19 The gaseous products of heating a mixture of Ca(OH)2 and NH4Cl are passed through solid CaO. 

This absorbs water vapour and a gas, W, is collected. 
 

A sample of W is oxidised by Cl 2(g) to produce two gases, X and Y. 
 

X is an element. Y is acidic. 
 

Y reacts with W to produce Z. 
 

What are X and Z? 
 

 X Z 

A N2 CaCl 2 

B N2 NH4Cl 

C O2 CaCl 2 

D O2 NH4Cl 

. I

:
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16 Which row correctly describes the properties of the halogens as Group 17 is descended from 
chlorine to iodine? 

 

 volatility strength as 
oxidising agent 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
 
 
17 Reaction 1: chlorine reacts with cold aqueous sodium hydroxide to form solution Z. 
 

Reaction 2: solution Z is heated and forms Cl O3
–(aq) and Cl –(aq). 

 
Which equations represent reaction 1 and reaction 2? 

A reaction 1 2Cl 2  +  4OH–  →  Cl O2
–  +  3Cl –  +  2H2O 

reaction 2 3Cl O2
–  →  2Cl O3

–  +  Cl – 

B reaction 1 2Cl 2  +  4OH–  →  Cl O2
–  +  3Cl –  +  2H2O 

reaction 2 3Cl O–  →  Cl O3
–  +  2Cl – 

C reaction 1 Cl 2  +  2OH–  →  Cl O–  +  Cl –  +  H2O 

reaction 2 2Cl O–  +  2OH–  →  Cl O3
–  +  Cl –  +  H2O 

D reaction 1 Cl 2  +  2OH–  →  Cl O–  +  Cl –  +  H2O 

reaction 2 3Cl O–  →  Cl O3
–  +  2Cl – 

 
 
18 Which statement explains the observation that magnesium hydroxide dissolves in aqueous 

ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH4
+ ion is similar to that of Mg2+ but not that of Na+. 

B NH4Cl dissociates less fully than NaCl. 

C The Na+ and Mg2+ ions have the same number of electrons. 

D The NH4
+ ion can donate a proton. 

 
 

�
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10 0.200 mol of sulfur dioxide and 0.200 mol of oxygen are placed in a 1.00 dm3 sealed container. 
The gases are allowed to react until equilibrium is reached. 

 
2SO2  +  O2    2SO3 

 
At equilibrium there is 0.100 mol of SO3 in the container. 

 
What is the value of Kc? 

A 0.150 mol dm–3 

B 0.800 mol dm–3 

C 1.25 mol–1
 dm3 

D 6.67 mol–1
 dm3 

 
 
11 Two reactions are shown. 
 

reaction 1 N2(g)  +  3H2(g)    2NH3(g) 

reaction 2 2O3(g)    3O2(g) 
 

In reaction 1, a finely powdered iron catalyst is used. 
 

In reaction 2, a vaporised tetrachloromethane catalyst in ultraviolet light is used. 
 

Which statement about the catalysts used is correct? 

A Both reaction 1 and reaction 2 use a heterogeneous catalyst. 

B Both reaction 1 and reaction 2 use a homogeneous catalyst. 

C Reaction 1 uses a heterogeneous catalyst and reaction 2 uses a homogeneous catalyst. 

D Reaction 1 uses a homogeneous catalyst and reaction 2 uses a heterogeneous catalyst. 
 
 
12 Sodium and sulfur are burned separately in oxygen. 
 

Each reaction has a distinctive coloured flame. 
 

Which row is correct? 
 

 Na  +  O2 S  +  O2 

A white blue 

B white yellow 

C yellow blue 

D yellow yellow 
 
 

§
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19 Transition elements and their compounds are widely used as catalysts. 
 

What is the identity and what is the oxidation number of the element present in the catalyst used 
in the Contact process? 

 
 element oxidation number 

A iron 0 

B iron +3 

C vanadium 0 

D vanadium +5 
 
 
20 What is true of every nucleophile? 

A It attacks a double bond. 

B It donates a lone pair of electrons. 

C It is a single atom. 

D It is negatively charged. 
 
 
21 X has the molecular formula C5H12O. X has a branched carbon skeleton and a secondary alcohol 

functional group. 
 

How many structural isomers fit this description of X? 

A 1 B 2 C 3 D 4 
 
 

I
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11 Nitrogen and hydrogen can react together to form ammonia. 
 

The formation of ammonia is exothermic. 
 

The rate and yield of the reaction can be altered by changing the conditions under which the 
reaction is carried out. 

 
Which row shows the effects of adding iron to the mixture and increasing the temperature? 

 
adding iron increasing the temperature 

A has no effect on the equilibrium yield reduces the equilibrium yield 

B increases the equilibrium yield increases the equilibrium yield 

C increases the equilibrium yield increases the rate 

D increases the rate has no effect on the equilibrium yield 
 
 
12 The melting points of the Period 3 elements phosphorus to argon are shown in the table. 
 

element P S Cl Ar 

mp / K 317 392 172 84 
 

Which factor explains the changes in melting points from phosphorus to argon? 

A the changes in electronegativity from phosphorus to argon 

B the changes in first ionisation energy from phosphorus to argon 

C the increase in the number of electrons in each atom from phosphorus to argon 

D the number of atoms in each molecule of the element from phosphorus to argon 
 
 
13 Which observations are made when a sample of silicon chloride, SiCl 4, is added to a beaker of 

water? 

A No visible change is observed. 

B Steamy fumes and a precipitate are both observed. 

C The appearance of a precipitate is the only observation. 

D The appearance of steamy fumes is the only observation. 
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9 In this question, all pressures are measured in atm. 
 

The equation represents the equilibrium between three gaseous substances X, Y and Z. 
 

X  +  3Y    2Z 
 

At temperature T1, the numerical value of Kp, the equilibrium constant, is 2. 
 

At a higher temperature T2, the partial pressures at equilibrium are as shown. 
 

X Y Z 

2 3 5 
 

Which row is correct? 
 

 the numerical 
value of Kp at T2 

the forward 
reaction is 

A 54 / 25 endothermic 

B 54 / 25 exothermic 

C 25 / 54 endothermic 

D 25 / 54 exothermic 
 
 
10 In a chemical system the particles involved have a range of energies. This can be shown on a 

graph called the Boltzmann distribution. 
 

Which statement correctly explains the effect of a catalyst on the particles in a chemical system? 

A A catalyst enables particles with a lower energy to collide successfully. 

B A catalyst increases the number of particles with higher energies. 

C A catalyst increases the number of particles with the most probable energy value. 

D A catalyst increases the value of the most probable particle energy. 
 
 

}
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The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

33 The diagram represents the Boltzmann distribution of molecular energies at a given temperature.

As temperature increases, which statements are correct?

1 The maximum of the curve is displaced to the right.

2 The proportion of molecules with energies aboveany given value increases.

3 The proportion of molecules with any given energy increases.

34 Which statements concerning the third period elements (sodium to argon) and their compounds
are correct?

1 The elements become more electronegative from sodium to chlorine.

2 Aluminium oxide is the only oxide which is insoluble in water.

3 The maximum oxidation state is shown by silicon.

35 A farmer spreads lime on land which has already been treated with a nitrogenous fertiliser.

Which reactions will occur over a period of time?

1 Ca(OH)2 + CO2 ⎯→ CaCO3 + H2O

2 Ca(OH)2 + 2H+(aq) ⎯→ Ca2+(aq) + 2H2O

3 Ca(OH)2 + 2NH+
4 (aq) ⎯→ Ca2+(aq) + 2NH3 + 2H2O

energy

proportion of
molecules

A B C D

1, 2 and 3 1 and 2 2 and 3 1 only
are only are only are is

correct correct correct correct

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Ethanol is manufactured by reacting ethene gas and steam in the presence of phosphoric(V) 

acid. 

 

C2H4(g) + H2O(g)  C2H5OH(g)  ∆H = –45 kJ mol
–1

 

 

The reaction is carried out at 570 K and 60 atm. 

 

What would be the consequences of carrying out the reaction at the same temperature but at a 

pressure of 200 atm? 

1 The manufacturing costs would increase. 

2 The maximum yield at equilibrium would be higher. 

3 The reaction would proceed at a faster rate. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 For complete combustion, 1 mol of an organic compound X was found to require 2.5 mol of 

molecular oxygen. 

 

Which compounds could be X? 

1 C
2
H

5
OH 

2 C
2
H

2
 

3 CH
3
CHO 

 

 

32 Catalysts are used in many reversible reactions in the chemical industry. Vanadium(V) oxide is 

used in this way in the Contact process for the formation of SO
3
. 

 

2SO
2
(g) + O

2
(g)  2SO

3
(g) 

 

What effect does vanadium(V) oxide have on this equilibrium? 

1 It speeds up the forward reaction. 

2 It increases the value of K
p
. 

3 It increases the value of E
a
 for the reverse reaction. 

 

 

33 Which statements about the properties of a catalyst are correct? 

1 A catalyst increases the average kinetic energy of the reacting particles. 

2 A catalyst increases the rate of the reverse reaction. 

3 A catalyst has no effect on the enthalpy change of the reaction. 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
 
 

!
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34 Why does a mixture of hydrogen gas and bromine gas react together faster at a temperature of 

500 K than it does at a temperature of 400 K? 

1 A higher proportion of effective collisions occurs at 500 K. 

2 Hydrogen molecules and bromine molecules collide more frequently at 500 K. 

3 The activation energy of the reaction is lower at 500 K. 

 

 

35 A farmer added lime to damp soil, followed by the nitrogenous fertiliser ammonium sulfate. A 

chemical reaction occurred in the soil. 

 

Which substances were formed in this reaction? 

1 sulfuric acid 

2 calcium sulfate 

3 ammonia 

 

 

36 Which statements about the reaction of solid sodium bromide with concentrated sulfuric acid are 

correct? 

1 Hydrogen bromide is a product of the reaction. 

2 Sulfuric acid is oxidised to sulfur dioxide. 

3 Bromide ions are reduced to bromine. 

 

 

37 Which statements are true for an SN2 reaction? 

1 One bond is broken as another bond is formed. 

2 The formation of a transition state involves the collision of two molecules or ions. 

3 A carbon atom in the transition state is bonded, either fully or partially, to five other atoms. 

 

 

38 The chlorine free radical takes part in the destruction of the ozone layer. 

 

 Which statements about this free radical are correct? 

1 It is formed by the heterolytic fission of the covalent bond in a chlorine-containing molecule. 

2 It has a single unpaired electron. 

3 It has the same electron arrangement as a chlorine atom. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

32 The diagram represents the Boltzmann distribution of molecular energies at a given temperature. 

 

energy

proportion
of molecules

 

 

Which of the factors that affect the rate of a reaction can be explained using such a Boltzmann 

distribution? 

1 increasing the concentration of reactants 

2 increasing the temperature 

3 the addition of a catalyst 

 

 

33 Which types of intermolecular forces can exist between adjacent urea molecules? 

 

H2N
C 

O

NH2

urea
 

 

1 hydrogen bonding 

2 permanent dipole-dipole forces 

3 temporary induced dipole-dipole forces 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 Phosphorus pentachloride is introduced into an empty gas syringe which has a movable, tightly-

fitting plunger. The gas is allowed to expand until equilibrium is reached at a temperature at 

which the phosphorus pentachloride partially dissociates. 

 

PCl5(g)  PCl3(g) + Cl2(g) 

 

plungergas

syringe oven

self-sealing
cap for

introducing
sample

 

 

Which statements are correct? 

1 The equilibrium pressure inside the syringe will be greater than atmospheric pressure. 

2 When the plunger is pushed in the equilibrium adjusts to produce more PCl5(g). 

3 The volume of gas in the syringe at equilibrium will be greater than if no dissociation had 

occurred. 

 

 

34 Which statements are correct about the activation energy of a reaction? 

1 It is different for the forward and back reactions in an exothermic process. 

2 It is low for a reaction that takes place slowly. 

3 It is unaffected by the presence of a catalyst. 

 

 

!
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33 Which of the enthalpy changes of the following reactions can only be obtained by application of 

Hess’ Law? 

1 The hydration of anhydrous copper sulphate to form crystals of CuSO4.5H2O. 

2 The formation of methane from its elements. 

3 The combustion of glucose, C6H12O6. 

 

 

34 The stoichiometry of a catalysed reaction is shown by the equation below. 

 

P (g) + Q (g)  R (g) + S (g) 

 

Two experiments were carried out in which the production of R was measured against time. The 

results are shown in the diagram below. 

 

0
0

amount of R

experiment 1

experiment 2

time
 

 

Which changes in the conditions from experiment 1 to experiment 2 might explain 

the results shown? 

1 Less of P was used. 

2 A different catalyst was used. 

3 Product S was continuously removed from the reaction vessel. 

 

 

35 Use of the Data Booklet is relevant to this question. 

 

Which properties would be expected from radium, 88Ra, or its compounds? 

1 Radium carbonate decomposes only at a very high temperature. 

2 Radium hydroxide is very insoluble. 

3 Radium does not react with cold water. 
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may

be correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against

the statements that you consider to be correct).

The responses A to D should be selected on the basis of

A B C D

1, 2 and 3

are

correct

1 and 2

only are

correct

2 and 3

only are

correct

1 only

is

correct

No other combination of statements is used as a correct response.

31 The isotope cobalt-60 ( Co

60

27
) is used to destroy cancer cells in the human body.

Which statements about an atom of cobalt-60 are correct?

1 It contains 33 neutrons.

2 Its nucleus has a relative charge of 27+.

3 It has a different number of neutrons from the atoms of other isotopes of cobalt.

32 The conversion of graphite has only a small positive value of !H.

C (graphite) " C (diamond) !H = +2.1 kJ mol 
–1

However, the production of synthetic diamonds using this reaction is very difficult.

Which statements help to explain this?

1 The activation energy of the reaction is large.

2 An equilibrium exists between diamond and graphite.

3 Only exothermic reactions can be made to occur readily.

33 Which statements about the properties of a catalyst are correct?

1 A catalyst increases the average kinetic energy of the reacting particles.

2 A catalyst increases the rate of the reverse reaction.

3 A catalyst has no effect on the enthalpy change !H o of the reaction.

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The 
1

H3

+

 ion was first characterised by J. J. Thomson over a century ago. 
6

Li is a rare isotope of 

lithium which forms the 
6

Li
+

 ion. 

 

Which statements are correct? 

1 Both ions contain the same number of protons. 

2 Both ions contain the same number of electrons. 

3 Both ions contain the same number of neutrons. 

 

 

32 The diagram represents the Boltzmann distribution of molecular energies at a given temperature. 

 

energy

number
of molecules

 

 

Which of the factors that affect the rate of a reaction can be explained using such a Boltzmann 

distribution? 

1 increasing the concentration of reactants 

2 increasing the temperature 

3 the addition of a catalyst 

 

 

!
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  A student puts 10 cm
3

 of 0.100 mol dm
–3

 sulfuric acid into one test-tube and 10 cm
3

 of 

0.100 mol dm
–3

 ethanoic acid into another test-tube. He then adds 1.0 g (an excess) of 

magnesium ribbon to each test-tube and takes suitable measurements. Both acids have the 

same starting temperature. 

 

Neither reaction is complete after 2 minutes, but both are complete after 20 minutes. 

 

Which statements are correct? 

1 After 2 minutes, the sulfuric acid is at a higher temperature than the ethanoic acid. 

2  After 2 minutes, the sulfuric acid has produced more gas than the ethanoic acid. 

3 After 20 minutes, the sulfuric acid has produced more gas than the ethanoic acid. 

 

 

35  In which ways are the main reactions in the Haber and Contact processes similar? 

1 A higher yield is favoured by higher pressures. 

2  The reaction is a redox process. 

3 The forward reaction is exothermic. 

 

 

36  A car burning lead-free fuel has a catalytic converter fitted to its exhaust. On analysis its exhaust 

gases are shown to contain small quantities of nitrogen oxides. 

 

Which modifications would result in lower exhaust concentrations of nitrogen oxides? 

1 an increase in the surface area of the catalyst in the converter 

2  an increase in the rate of flow of the exhaust gases through the converter 

3 a much higher temperature of combustion in the engine 

 

 

!
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32 Ammonia is produced commercially by the Haber process in which nitrogen and hydrogen react 

as shown. 

 

N2(g) + 3H2(g)       2NH3(g) ; ∆H = –  92 kJ mol
–1

 

 

Which statements are true of the commercial process? 

1 A temperature of 1000 oC is used. 

2 A pressure of 100 - 200 atm is used. 

3 The yield of ammonia is less than 20 %. 

 

 

33 What factors can affect the value of the activation energy of a reaction? 

 1 the presence of a catalyst 

 2 changes in temperature 

 3 changes in concentration of the reactants 

 

 

34 The first ionisation energies of successive elements in the Periodic Table are represented in the 

graph. 

 

A B C D E F G H I J K L M N O P Q R S T

element

0

500

1000

1500

2000

2500

first ionisation 
energy / kJ mol 

_ 1

 

 

 Which of these statements about this graph are correct? 

1 Elements B, J and R are in Group 0 of the Periodic Table. 

2 Atoms of elements D and L contain 2 electrons in their outer shells. 

3 Atoms of elements G and O contain half-filled p orbitals. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 P and Q are two compounds with similar Mr values. Molecules of P attract each other by 

hydrogen bonds. Molecules of Q attract each other by van der Waals’ forces only. 

 

A sample of liquid P is compared to a sample of liquid Q. 

 

How will their properties differ? 

1 P is more soluble in water than Q. 

2  P has a higher melting point than Q. 

3 P is more viscous than Q. 

 

 

32  The reaction 

 

E  +  F    G  +  H 

 

is catalysed by platinum. 

 

Which statements about the properties of the catalyst are correct? 

1 The catalyst has no effect on the enthalpy change of the reaction. 

2  The catalyst increases the rate of the reverse reaction. 

3 The catalyst increases the average kinetic energy of the reacting particles. 

 

 

33 Which elements have atoms which can form π bonds with atoms of other elements? 

1 oxygen 

2  nitrogen 

3 fluorine 

 

 

!
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33 Aluminium is extracted from aluminium oxide by electrolysis. 

 

Which statements are correct? 

1 Aluminium oxide has an extremely high melting point. 

2 Bauxite is added to the aluminium oxide to lower its melting point. 

3 Oxygen produced at the graphite cathode reacts with the graphite to produce CO2. 

 

 

34 Why does raising the pressure of a fixed mass of gaseous reactants at a constant temperature 

cause an increase in the rate of reaction? 

1 More collisions occur per second when the pressure is increased. 

2 More molecules have energy greater than the activation energy at the higher pressure. 

3 Raising the pressure lowers the activation energy. 

 

 

35 Which statements about the industrial manufacture of sulfuric acid are correct? 

1 Sulfur is burned to form sulfur dioxide. 

2 The stage that forms sulfur trioxide involves a V2O5 catalyst. 

3 The stage that forms sulfur trioxide is non-reversible. 

 

 

36 X is a Group II metal. It forms a sulfate which is more soluble than barium sulfate. It forms a 

hydroxide which is more soluble than calcium hydroxide. 

 

What could be the identity of X? 

1 strontium 

2 magnesium 

3 beryllium 

 

 

37 The diagram shows the structure of an alkene molecule. 

 

C

C C

C

CH3

CH3 CH3

CH3

H
H H

H

 

 

Which statements about this molecule are correct? 

1 All the carbon atoms are in the same plane. 

2 It has geometrical isomers. 

3 It is optically active. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Use of the Data Booklet is relevant to this question. 

 

Which ions contain one or more unpaired electrons? 

1 Cu
2+

 

2  Mn
3+

 

3 V
3+

 

 

 

32  Use of the Data Booklet is relevant to this question. 

 

The bond energy of the Br – O bond is 235 kJ mol
–1

. 

 

Which reactions are exothermic? 

1 OH•  +  HBr  →  H
2
  +  BrO• 

2  OH•  +  HBr  →  H
2
O  +  Br• 

3 H•  +  HBr  →  H
2
  +  Br• 

 

 

33 A reversible reaction is catalysed. 

 

Which statements about the effects of the catalyst on this system are correct? 

1 The catalyst alters the mechanism of the reaction. 

2  The catalyst reduces the activation energy for both the forward and the backward reaction. 

3 The catalyst alters the composition of the equilibrium mixture. 

 

 

!
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33 Many crude oils contain H2S. During refining, by the Claus process, the H2S is converted into 

solid sulfur, which is then removed. 

 

reaction I 2H2S(g)  +  3O2(g)  →  2H2O(l)  +  2SO2(g) 

reaction II 2H2S(g)  +  SO2(g)  →  2H2O(l)  +  3S(s) 

 

Which statements about the Claus process are correct? 

1 H2S is oxidised in reaction I. 

2 SO2 oxidises H2S in reaction II. 

3 Hydrogen is oxidised in reaction II. 

 

 

34 The stoichiometry of a catalysed reaction is shown by the equation below. 

 

P (g)  +  Q (g)    R (g)  +  S (l) 
 

Two experiments were carried out in which the rate of production of R was measured. The results 

are shown in the diagram below. 

 

00

amount
of R

experiment 1

experiment 2

time
 

 

Which changes in the conditions might explain the results shown? 

1 A lower pressure was used in experiment 2. 

2 A different catalyst was used in experiment 2. 

3 Product S was continuously removed from the reaction vessel in experiment 2. 

 

 

35 Which statements explain why sulfur dioxide is used as a food preservative? 

1 It is a reducing agent and therefore an anti-oxidant. 

2 It prevents alcohols in foods forming sour-tasting acids. 

3 It does not smell and therefore can be used in large quantities. 
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3  The hydrogen halides, HCl, HBr and HI, can undergo thermal decomposition.
  In a sealed container an equilibrium is established according to the equation shown.

 2HX(g)    H2(g)  +  X2(g) (where X = Cl, Br or I)

 (a)� �6RPH�ERQG�HQHUJLHV�DUH�VKRZQ�LQ�WKH�WDEOH�

bond energy / kJ mol–1

H–Br 366

H–H 436

Br–Br 193

  Use these data to calculate a value for the enthalpy change, 6H, for the thermal decomposition 
of hydrogen bromide, HBr, according to the equation shown.

6H = .............................. kJ mol–1  [1]

 (b)  At a temperature of 700 K a sample of HBr is approximately 10% decomposed. Changing the 
temperature affects both the rate of decomposition of HBr and the percentage that decomposes.

  The Boltzmann distribution for a sample of HBr at 700 K is shown. Ea represents the activation 
energy for the reaction.

proportion
of molecules
with a given
energy

molecular energy
Ea

 (i)  Using the same axes, sketch a second curve to indicate the Boltzmann distribution at a 
higher temperature. [2]
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Answer all the questions in the spaces provided.

1  Ammonia, NH3, is manufactured from nitrogen and hydrogen by the Haber process.

 N2(g)  +  3H2(g)    2NH3(g) ΔH = –92 kJ mol–1 

 (a)  Some bond energies are given.

	 N≡N	=	944	kJ	mol–1

	 H–H	=	436	kJ	mol–1

 (i)  Explain the meaning of the term bond energy.

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Use the data to calculate a value for the N–H bond energy.
  You must show your working.

N–H bond energy = .............................. kJ mol–1  [2]

 (b)	 	The	Haber	 process	 is	 usually	 carried	 out	 at	 a	 temperature	 of	 approximately	 400	°C in the 
presence of a catalyst. Changing the temperature affects both the rate of production of 
ammonia and the yield of ammonia.

	 	The	Boltzmann	distribution	for	a	mixture	of	nitrogen	and	hydrogen	at	400	°C is shown.
  Ea represents the activation energy for the reaction.

proportion
of molecules
with a given
energy

molecular energy
Ea

 (i)  Using the same axes, sketch a second curve to indicate the Boltzmann distribution at a 
higher temperature. [2]3

9701/21/O/N/17© UCLES 2017 [Turn over

 (ii)  With reference to the Boltzmann distribution, state and explain the effect of increasing 
temperature on the rate of production of ammonia.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (iii)  State and explain the effect of increasing temperature on the yield of ammonia.
  Use Le Chatelier’s principle to explain your answer.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (c)	 	At	a	pressure	of	2.00	×	107	Pa,	1.00	mol	of	nitrogen,	N2(g),	was	mixed	with	3.00	mol	of	hydrogen,	
H2(g).	The	final	equilibrium	mixture	formed	contained	0.300	mol	of	ammonia,	NH3(g).

 (i)  Calculate the amounts, in mol, of N2(g) and H2(g) in the equilibrium mixture.

N2(g) = .............................. mol

H2(g) = .............................. mol
[2]

 (ii)  Calculate the partial pressure of ammonia, pNH3, in the equilibrium mixture.

  Give your answer to three	significant	figures.

pNH3 = .............................. Pa  [3]
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 (c)  Hydrogen chloride undergoes a reversible reaction with oxygen.

4HCl (g)  +  O2(g)    2Cl 2(g)  +  2H2O(g)

  The reaction is carried out at 400 °C in the presence of a copper(II) chloride catalyst.

 (i)  Use the data in the table to calculate the overall enthalpy change of reaction.

compound enthalpy change of
formation / kJ mol–1

HCl (g) –92

H2O(g) –242

enthalpy change of reaction = .............................. kJ mol–1  [2]

 (ii)  State the type of catalyst used in this reaction. Explain how a catalyst is able to increase 
the rate of a chemical reaction.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  The reaction exists in dynamic equilibrium.

  The reaction was repeated at 1000 °C and the same pressure.

  State and explain the effect on the composition of the equilibrium mixture of the change in 
temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

IB
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Answer all the questions in the spaces provided.

1  Sulfuric acid is manufactured by the Contact process.

  One stage in this process is the conversion of sulfur dioxide into sulfur trioxide in the presence of a 
heterogeneous catalyst of vanadium(V) oxide, V2O5.

2 O=S=O(g)  +  O=O(g) 2 O=S=O(g) ΔH = –196 kJ mo l–1

=O

 (a) (i)  State the effect of a catalyst on a reaction.
  Explain how a catalyst causes this effect.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  State the meaning of the term heterogeneous as applied to catalysts.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (b)  Some bond energies are given.

bond bond energy / kJ mol–1

S=O (in SO2) 534

O=O 496

  Use the data, and the enthalpy change for the conversion of sulfur dioxide into sulfur trioxide, 
to calculate a value for the S=O bond energy in SO3.

 S=O bond energy in SO3 = .............................. kJ mol–1  [2]
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 (c)  SO3 is produced by the reaction between SO2 and O2 in the Contact process. A dynamic 
equilibrium is established.

 2SO2(g)  +  O2(g)    2SO3�g� ¨H = –196 kJ mol–1

 (i)  Explain why increasing the total pressure, at constant temperature, increases the rate of 
production of SO3 and increases the yield of SO3.

 rate  .....................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

 yield  ....................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................
 [4]

  The graph shows how the concentrations of all three species in the system change with time 
for a typical reaction mixture. The gradients of all three lines decrease with time and then level 
off in this dynamic equilibrium.

time

concentration

concentration of SO3

concentration of SO2

concentration of O2

0
0

 (ii)  Explain why the gradients of the SO2 and O2 lines decrease with time.

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii) Explain why all three lines become horizontal.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (iv)  Suggest a reason why the initial gradient of the SO2 line is steeper than that of the O2 line.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [1]
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6  The Boltzmann distribution for a gas at constant temperature is shown below. 

 

n = number of gas
molecules having a
given kinetic energy

0
0

kinetic energy

X

Y
Z

 

 

If the temperature of the gas is reduced by 10 °C the graph changes shape. 

 

What happens to the values of n for the points marked X, Y and Z? 

 

 X Y Z 

A higher lower higher 

B higher lower lower 

C lower higher lower 

D lower lower lower 

 

 

7  Titanium occurs naturally as the mineral rutile, TiO2. One possible method of extraction of 

titanium is to reduce the rutile by heating with carbon. 

 

TiO2(s) + 2C(s) → Ti(s) + 2CO(g) 

 

The standard enthalpy changes of formation of TiO2(s) and CO(g) are –940 kJ mol
–1

 and  

–110 kJ mol
–1

 respectively. 

 

What is the standard enthalpy change of this reaction? 

A –830 kJ mol
–1

 

B –720 kJ mol
–1

 

C +720 kJ mol
–1

 

D +830 kJ mol
–1
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11 Which curve is obtained if the rate of reaction is plotted against time for an autocatalytic reaction
(i.e. a reaction in which one of the products catalyses the reaction)?

12 Which species represented by the following formulae has the largest radius?

A P3– B Cl– C Ar D K+

13 Which of the following oxides is unlikely to dissolve in aqueous sodium hydroxide?

A Al2O3 B MgO C SO2 D SiO2

14 An element of the third period (Na to S) is heated in chlorine.  The product is purified and then
added to water.  The resulting solution is found to be neutral.

What is the element?

A sodium

B aluminium

C silicon

D phosphorus

15 Which equation represents the reaction that occurs when calcium nitrate is heated strongly? 

A Ca(NO3)2 → Ca(NO2)2 + O2

B Ca(NO3)2 → CaO + N2O + 2O2

C Ca(NO3)2 → CaO2 + 2NO2

D 2Ca(NO3)2 → 2CaO + 4NO2 + O2

0
0

rate

time 0
0

rate

time 0
0

rate

time 0
0

rate

time

A B C D
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11 Which curve is obtained if the rate of reaction is plotted against time for an autocatalytic reaction
(i.e. a reaction in which one of the products catalyses the reaction)?

12 Which species represented by the following formulae has the largest radius?

A P3– B Cl– C Ar D K+

13 Which of the following oxides is unlikely to dissolve in aqueous sodium hydroxide?

A Al2O3 B MgO C SO2 D SiO2

14 An element of the third period (Na to S) is heated in chlorine.  The product is purified and then
added to water.  The resulting solution is found to be neutral.

What is the element?

A sodium

B aluminium

C silicon

D phosphorus

15 Which equation represents the reaction that occurs when calcium nitrate is heated strongly? 

A Ca(NO3)2 → Ca(NO2)2 + O2

B Ca(NO3)2 → CaO + N2O + 2O2

C Ca(NO3)2 → CaO2 + 2NO2

D 2Ca(NO3)2 → 2CaO + 4NO2 + O2

0
0

rate

time 0
0

rate

time 0
0

rate

time 0
0

rate

time

A B C D
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11 The equilibrium constant, K
c
, for the reaction to form ethyl ethanoate from ethanol and ethanoic 

acid, C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O, at 60 oC is 4.00. 

 

When 1.00 mol each of ethanol and ethanoic acid are allowed to reach equilibrium at 60 oC, what 

is the number of moles of ethyl ethanoate formed? 

A 

3

1
 B 

3

2
 C 

4

1
 D 

4

3
 

 

 

12 The diagram shows the Maxwell-Boltzmann energy distribution curves for molecules of a sample 

of a gas at two different temperatures. 

 

Which letter on the axes represents the most probable energy of the molecules at the lower 

temperature? 

 

A

B

C D
 

 

 

13 Steam is passed over heated magnesium to give compound X and hydrogen. 

 

What is not a property of compound X? 

A It has a high melting point. 

B It is a basic oxide. 

C It is a white solid. 

D It is very soluble in water. 

 

 

14 A 5.00 g sample of an anhydrous Group II metal nitrate loses 3.29 g in mass on strong heating. 

 

Which metal is present? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

5 
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10 The Boltzmann distribution shows the number of molecules having a particular kinetic energy at  

 constant temperature. 

 

number of gas
molecules having

a given energy

0
0

kinetic energy

N

L M

Ea
 

 

If the temperature is decreased by 10 °C, what happens to the size of the areas labelled L, M and 

N? 

 

 L M N 

A decreases decreases decreases 

B decreases increases decreases 

C increases decreases decreases 

D increases decreases increases 
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4 Different Boltzmann distributions are shown in the diagrams. 

 

number of
molecules

0
0

diagram 1

molecular speed

number of
molecules

0
0

diagram 2

molecular speed

P

Q

X

Y

 

 

In diagram 1, one curve P or Q corresponds to a temperature higher than that of the other curve. 

 

In diagram 2, one line X or Y corresponds to the activation energy for a catalysed reaction and 

the other line corresponds to the activation energy of the same reaction when uncatalysed. 

 

Which combination gives the correct curve and line? 

 

 
higher 

temperature 

presence of 

catalyst 

A P X 

B P Y 

C Q X 

D Q Y 

 

 

5 Which factor helps to explain why the first ionisation energies of the Group I elements decrease 

from lithium to sodium to potassium to rubidium? 

A The nuclear charge of the elements increases. 

B The outer electron is in an ‘s’ subshell. 

C The repulsion between spin-paired electrons increases. 

D The shielding effect of the inner shells increases. 

 

 

 

4 
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10  An experiment is set up to measure the rate of hydrolysis of methyl ethanoate. 

 

CH3CO2CH3 + H2O  CH3CO2H + CH3OH 

 

The hydrolysis is found to be slow in neutral aqueous solution but it proceeds at a measurable 

rate when the solution is acidified with hydrochloric acid. 

 

What is the function of the hydrochloric acid? 

A to dissolve the methyl ethanoate 

B to ensure that the reaction reaches equilibrium 

C to increase the reaction rate by catalytic action 

D to suppress ionisation of the ethanoic acid formed 

 

 

11 The distribution of molecular kinetic energies within a gas at temperature T1 and T2 are shown in 

the diagram. 

 

fraction of
total molecules

T2 > T1

Ea = activation energy

0
0 kinetic energy

Ea

T1

T2

 

 

Which statement correctly explains why a small increase in temperature leads to a significant 

increase in the rate of a gaseous reaction? 

A The frequency of collisions between molecules is greater at a higher temperature. 

B The activation energy of the reaction is less when the gases are at a higher temperature. 

C The frequency of collisions between molecules with kinetic energy greater than the activation 

energy is greater at higher temperature. 

D The proportion of molecules with more kinetic energy than the activation energy is lower at a 

higher temperature. 
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9 When copper is extracted from its ores, the metal is not pure enough for electrical uses. The 

impure copper, which contains small amounts of silver and gold, is purified by electrolysis. During 

this process a ‘sludge’ forms beneath the anode which is found to contain silver and traces of 

gold. 

 

Why is silver found in this sludge? 

A Silver is less electropositive than copper. 

B Silver is more dense than copper and falls off the cathode. 

C Silver reacts with the electrolyte to form an insoluble chloride salt. 

D Silver reacts with the electrolyte to form an insoluble sulfate salt. 

 

 

10 The diagram shows the Maxwell-Boltzmann energy distribution curve for molecules of a mixture 

of two gases at a given temperature. For a reaction to occur the molecules must collide together 

with sufficient energy. 

 

number of
molecules

Ea2 Ea1energy
00

 

 

Ea is the activation energy for the reaction between the gases. Of the two values shown, one is 

for a catalysed reaction, the other for an uncatalysed one. 

 

Which pair of statements is correct when a catalyst is used? 

 

A 

 

Ea1 catalysed reaction 

fewer effective collisions 

Ea2 uncatalysed reaction 

more effective collisions 

B 

 

Ea1 uncatalysed reaction 

fewer effective collisions 

Ea2 catalysed reaction 

more effective collisions 

C 

 

Ea1 catalysed reaction 

more effective collisions 

Ea2 uncatalysed reaction 

fewer effective collisions 

D 

 

Ea1 uncatalysed reaction 

more effective collisions 

Ea2 catalysed reaction 

fewer effective collisions 

 

 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The ability of an atom in a covalent bond to attract electrons to itself is called its electronegativity. 

 

The greater the difference between the electronegativities of the two atoms in the bond, the more 

polar is the bond. 

 

Which pair will form the most polar covalent bond between the atoms? 

A chlorine and bromine 

B chlorine and iodine 

C fluorine and chlorine 

D fluorine and iodine 

 

 

2 Which diagram correctly represents the Boltzmann distribution of molecular energies at two 

temperatures T1 and T2, where T1 = 300 K and T2 = 310 K? 

 

proportion
of molecules

proportion
of molecules

proportion
of molecules

proportion
of molecules

molecular
energy

molecular
energy

molecular
energy

molecular
energy

0 

A  

T1
T2 T1

T1
T1

T2

T2
T2

0 

B  

0 

C 

0 

D 
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12  The molecular energy distribution curve represents the variation in energy of the molecules of a 

gas at room temperature. 

 

0
0

energy

proportion
of
molecules

 

 

Which curve applies for the same gas at a lower temperature? 

 

A B

C D

0
0

energy

proportion
of
molecules

0
0

energy

proportion
of
molecules

0
0

energy

proportion
of
molecules

0
0

energy

proportion
of
molecules

 

 

 

13  In an experiment, 0.1 g samples of Na
2
O, MgO, P

4
O

10
 and SO

2
 are added to separate 100 cm

3

 

volumes of water. 

 

For which oxide is the resulting mixture most alkaline? 

A Na
2
O B MgO C P

4
O

10 
D SO

2 
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12  The molecular energy distribution curve represents the variation in energy of the molecules of a 

gas at room temperature. 
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Which curve applies for the same gas at a lower temperature? 

 

A B

C D
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13  In an experiment, 0.1 g samples of Na
2
O, MgO, P

4
O

10
 and SO

2
 are added to separate 100 cm

3

 

volumes of water. 

 

For which oxide is the resulting mixture most alkaline? 

A Na
2
O B MgO C P

4
O

10 
D SO

2 
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10 At 600 °C oxides of nitrogen react with unburnt hydrocarbons in a catalytic converter in a car
exhaust. The equation using methane as representative of a hydrocarbon molecule would be as
follows.

4NO  +  CH4 → 2N2 +  CO2 +  2H2O

Which statement is likely to be true about the energy change of this reaction?

A It is endothermic as heat energy is converted into chemical energy.

B It is exothermic as a high temperature is required.

C It is exothermic as the triple bond N O is broken.  

D It is exothermic as the products have large negative enthalpy changes of formation.

11 In an experiment, b mol of hydrogen iodide were put into a sealed vessel under pressure p. At
equilibrium, x mol of the hydrogen iodide had dissociated, the reaction being represented by the
following equation.

2HI(g)       H2(g)  +  I2(g)

Which expression for Kp is correct?

A

B

C

D

12 A piece of zinc foil dissolved completely in 20 cm3 of a dilute sulphuric acid solution and the
volume of hydrogen evolved was noted at equal, short time intervals. Another piece of zinc foil of
the same surface area and mass was added to 40 cm3 of the same solution of dilute sulphuric
acid.

How will the initial rate of reaction and the total volume of hydrogen evolved in this second
experiment compare to the first experiment?

initial rate of reaction total volume of hydrogen evolved

A no change decrease

B no change no change

C increase no change

D increase increase

x 2______
4(b – x)2

x 2p2_______
4b(b – x)

x 2p2______
(b – x)2

x 2______
(b – x)2

____
←
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12 Crotonaldehyde, CH3CH=CHCHO, can be obtained by oxidising butadiene, CH2=CHCH=CH2, 

using air or oxygen. One method is to pass a mixture of butadiene and oxygen through a hot 

aqueous solution of palladium(II) ions, Pd
2+

(aq), which catalyse the reaction. 

 

Which statement is not correct about the action of the Pd
2+

(aq) ions? 

A Changing the concentration of the Pd
2+

(aq) will have an effect on the rate of the reaction. 

B Pd
2+

(aq) increases the energy of the reacting molecules. 

C Pd
2+

(aq) lowers the activation energy for the reaction. 

D When Pd
2+

(aq) is used, the reaction proceeds by a different route. 

 

 

13 Which oxide, when mixed with water, will produce the most acidic solution? 

A CO B CO2 C SiO2 D P2O5 

 

 

14 Which salt is produced by adding aqueous ammonia to aqueous sulphur dioxide until just 

alkaline? 

A NH4SO3 B NH4SO4 C (NH4)2SO3 D (NH4)2SO4 

 

 

15 Aluminium chloride catalyses certain reactions by forming carbocations (carbonium ions) with 

chloroalkanes as shown. 

 

RCl + Al Cl3 → R
+

 + 
−

4
CA ll  

 

Which property makes this reaction possible? 

A AlCl3 exists as the dimer Al2Cl6 in the vapour. 

B AlCl3 is a covalent molecule. 

C The aluminium atom in Al Cl3 has an incomplete octet of electrons. 

D The chlorine atom in RCl has a vacant p orbital. 

 

 

16 Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding 

compounds are very similar. 

 

Which statement concerning the reactions of lithium and its compounds is correct? 

A Lithium carbonate decomposes on heating at a relatively low temperature, forming lithium 

oxide and carbon dioxide. 

B Lithium nitrate decomposes on heating, forming lithium nitrite and oxygen. 

C Lithium burns only slowly in oxygen. 

D Lithium reacts violently with cold water, liberating hydrogen. 

 

 

 

5 
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11 Swimming pool water can be kept free of harmful bacteria by adding aqueous sodium chlorate(I), 

NaOCl. This reacts with water to produce HOCl molecules which kill bacteria. 

 

OCl –(aq) + H2O  OH
–

(aq) + HOCl (aq) 

 

In bright sunshine, the OCl – ion is broken down by ultra-violet light. 

 

OCl –(aq) + uv light → Cl –(aq) + ½O2(g) 

 

Which method would maintain the highest concentration of HOCl (aq)? 

A acidify the pool water 

B add a solution of chloride ions 

C add a solution of hydroxide ions 

D bubble air through the water 

 

 

12 Which solid-line curve most accurately represents the distribution of molecular speeds in a gas at 

500 K if the dotted-line curve represents the corresponding distribution for the same gas at 300 K? 

 

fraction of
molecules

speed

A

fraction of
molecules

speed

B

fraction of
molecules

speed

C

fraction of
molecules

speed

D

 

 

 

13 In which pair is the radius of the second atom greater than that of the first atom? 

A Na, Mg B Sr, Ca C P, N D Cl, Br 

 

 

 

6 
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11 In the diagram, curve X was obtained by observing the decomposition of 100 cm
3

 of 1.0 mol dm
–3

 

hydrogen peroxide, catalysed by manganese(IV) oxide. 

 

volume of
oxygen
formed

0
0 time

Y
X

 

 

Which alteration to the original experimental conditions would produce curve Y? 

A adding water 

B adding some 0.1 mol dm
–3

 hydrogen peroxide 

C using less manganese(IV) oxide 

D lowering the temperature 

 

 

12  Which chlorine compound has bonding that can be described as ionic with some covalent 

character? 

A NaCl B MgCl2 C AlCl3 D SiCl4 

 

 

13  Al Cl3  reacts with LiAl H4  and (CH3 )3 N to give (CH3 )3 NAl H3 . 

 

Which statement about (CH3 )3 NAl H3  is correct? 

A It contains hydrogen bonding. 

B It is dimeric. 

C The Al atom has an incomplete octet of electrons. 

D The bonds around the Al atom are tetrahedrally arranged. 
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11 Why is ethanoic acid a stronger acid in liquid ammonia than in aqueous solution?

A Ammonia is a stronger base than water.

B Ammonium ethanoate is completely ionised in aqueous solution.

C Ammonium ethanoate is strongly acidic in aqueous solution.

D Liquid ammonia is a more polar solvent than water.

12 It is often said that the rate of a typical reaction is roughly doubled by raising the temperature by
10°C. 

What explains this observation?

A Raising the temperature by 10°C doubles the average energy of each molecule.

B Raising the temperature by 10°C doubles the average velocity of the molecules.

C Raising the temperature by 10°C doubles the number of molecular collisions in a given time.

D Raising the temperature by 10°C doubles the number of molecules having more than a
certain minimum energy.

13 A mixture of the oxides of two elements of the third period is dissolved in water. The solution is
approximately neutral.

What could be the constituents of the mixture?

A Al2O3 and MgO

B Na2O and MgO

C Na2O and P4O10

D SO3 and P4O10

14 Aluminium chloride catalyses certain reactions by forming carbocations (carbonium ions) with
chloroalkanes as shown.

RCl + AlCl3 → R+ + AlCl–4

Which property makes this reaction possible?

A AlCl3 is a covalent molecule.

B AlCl3 exists as the dimer Al2Cl6 in the vapour.

C The aluminium atom in AlCl3 has an incomplete octet of electrons.

D The chlorine atom in RCl has a vacant p orbital.

 

5
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12 Four reactions of the type shown are studied at the same temperature.

X (g) + Y (g) ! Z (g)

Which is the correct reaction pathway diagram for the reaction that would proceed most rapidly

and with good yield?

13 Which of these equations represents the reaction of sulphur dioxide with an excess of aqueous

sodium hydroxide?

A SO2 + NaOH ! NaHSO3

B SO2 + 2NaOH ! Na2SO3 + H2O

C SO2 + 2NaOH ! Na2SO4 + H2O

D SO2 + 2NaOH ! Na2SO4 + H2

14 Which ion is most polarising?

A Al 3+

B Ba
2+

C Mg
2+

D Na
+

energy

reactant product

energy

reactant product

energy

reactant product

energy

reactant product

A B

C D
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4 The diagram represents, for a given temperature, the Boltzmann distribution of the kinetic 

energies of the molecules in a mixture of two gases that will react together. The activation energy 

for the reaction, Ea , is marked. 

 

energy

number of
molecules

Ea
 

 

The dotted curves below show the Boltzmann distribution for the same reaction at a higher 

temperature. On these diagrams, H represents the activation energy at the higher temperature. 

 

Which diagram is correct? 

 

energy

number of
molecules

Ea

H

A

energy

number of
molecules
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B

energy
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C

energy
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H H
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5 Crotonaldehyde, CH3CH=CHCHO, can be obtained by oxidising butadiene, CH2=CHCH=CH2, 

using air or oxygen. One method is to pass a mixture of butadiene and oxygen through a hot 

aqueous solution of palladium(II) ions, Pd
2+

(aq), which catalyse the reaction. 

 

Which statement is not correct about the action of the Pd
2+

(aq) ions? 

A Changing the concentration of the Pd
2+

(aq) will have an effect on the rate of the reaction. 

B Pd
2+

(aq) increases the energy of the reacting molecules. 

C Pd
2+

(aq) lowers the activation energy for the reaction. 

D Pd
2+

(aq) provides a different route for the reaction. 
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7  The reaction pathway for a reversible reaction is shown below. 

 

energy
/ kJ mol–1

extent of reaction

30

50

 

 

Which statement is correct? 

A The activation energy of the reverse reaction is +80 kJ mol
–1

. 

B The enthalpy change for the forward reaction is +30 kJ mol
–1

. 

C The enthalpy change for the forward reaction is +50 kJ mol
–1

. 

D The enthalpy change for the reverse reaction is +30 kJ mol
–1

. 

 

 

8  Why does the rate of a gaseous reaction increase when the pressure is increased at a constant 

temperature? 

A More particles have energy that exceeds the activation energy. 

B The particles have more space in which to move. 

C The particles move faster. 

D There are more frequent collisions between particles. 

 

 

9  Which would behave the least like an ideal gas at room temperature? 

A carbon dioxide 

B helium 

C hydrogen 

D nitrogen 

 

 

10  The general gas equation can be used to calculate the Mr value of a gas. 

 

For a sample of a gas of mass m g, which expression will give the value of Mr? 

A Mr = 

RT

mpV

 B Mr = 

m

pVRT

 C Mr = 

pV

mRT

 D Mr = 

mRT

pV

 

 

 

 

4 
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7 The table gives the successive ionisation energies for an element X. 

 

 1st 2nd 3rd 4th 5th 6th 

ionisation energy / kJ mol
–1

 950 1800 2700 4800 6000 12300 

 

What could be the formula of the chloride of X? 

A XCl B XCl
2
 C XCl

3
 D XCl

4 

 

 

8 The gaseous compound Z decomposes on heating. 

 

In the diagram below, Boltzmann distributions for Z at two different temperatures P and Q are 

shown. The lines X and Y indicate activation energies for the decomposition of Z with and without 

a catalyst. 

 

0
0

energy 

number of 
molecules 

X Y P 

Q 

 

 

Which curve and which line describe the decomposition of Z at a higher temperature and with a 

catalyst present? 

 

 higher temperature catalyst present 

A P X 

B P Y 

C Q X 

D Q Y 

 

 

9 During steel-making the impurity P
4
O

10
 is removed by reacting it with calcium oxide. The only 

product of this reaction is the salt calcium phosphate, Ca
3
(PO

4
)
2
. 

 

In this reaction, how many moles of calcium oxide react with one mole of P
4
O

10
? 

A 1 B 1.5 C 3 D 6 

 

 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 During the electrolysis of molten aluminium oxide to produce aluminium, using carbon electrodes, 

two consecutive reactions occur at the anode, each producing a different gas. 

 

How does the oxidation number of oxygen change in these reactions? 

A decreases by 2, then increases by 2 

B increases by 2, then decreases by 2 

C increases by 2, then decreases by 4 

D no change, then decreases by 2 

 

 

2 Equations involving four enthalpy changes are shown. 

 

Na(g)  →  Na
+

(g)  +  e
–

 ∆H = W 

Na(g)  →  Na
2+

(g)  +  2e
–

 ∆H = X 

Na(s)  →  Na(g) ∆H = Y 

Na(s)  →  Na
2+

(g)  +  2e
–

 ∆H = Z 

 

What is the second ionisation energy of sodium? 

A X B X – W C Y – W D Z – Y 

 

 

3 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

4 Which factor can affect the value of the activation energy of a reaction? 

A changes in concentration of the reactants 

B decrease in temperature 

C increase in temperature 

D the presence of a catalyst 
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10 When gaseous iodine is heated with hydrogen at 450 °C, an equilibrium is established. 

 

H2(g)     +     I2(g)          2HI(g) ∆H = +53 kJ mol
–1

 

 colourless purple colourless 

 

Which change of conditions will cause the purple colour of the equilibrium mixture to become 

paler? 

A decrease in pressure 

B decrease in temperature 

C increase in pressure 

D increase in temperature 

 

 

11 Which solid-line curve most accurately represents the distribution of molecular speeds in a gas at 

500 K if the dotted-line curve represents the corresponding distribution for the same gas at 300 K? 
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speed 

A  

fraction of 
molecules 

speed 

B  

fraction of 
molecules 

speed 

C 

fraction of 
molecules 

speed 

D 

 

 

 

12 Butanedioate ions can be dehydrogenated to form trans-butenedioate ions. The enzyme 

fumarase speeds up this reaction. 

 

Why does fumarase speed up this reaction? 

A Fumarase is a protein. 

B Fumarase is effective at body temperature. 

C Fumarase lowers the activation energy of the dehydrogenation reaction. 

D The enzyme fumarase is specific for this dehydrogenation reaction. 
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4 The diagram represents, for a given temperature, the Boltzmann distribution of the kinetic 

energies of the molecules in a mixture of two gases that will react together. The activation energy 

for the reaction, Ea , is marked. 

 

energy

number of
molecules

Ea
 

 

The dotted curves below show the Boltzmann distribution for the same reaction at a higher 

temperature. On these diagrams, H represents the activation energy at the higher temperature. 

 

Which diagram is correct? 
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5 Crotonaldehyde, CH3CH=CHCHO, can be obtained by oxidising butadiene, CH2=CHCH=CH2, 

using air or oxygen. One method is to pass a mixture of butadiene and oxygen through a hot 

aqueous solution of palladium(II) ions, Pd
2+

(aq), which catalyse the reaction. 

 

Which statement is not correct about the action of the Pd
2+

(aq) ions? 

A Changing the concentration of the Pd
2+

(aq) will have an effect on the rate of the reaction. 

B Pd
2+

(aq) increases the energy of the reacting molecules. 

C Pd
2+

(aq) lowers the activation energy for the reaction. 

D Pd
2+

(aq) provides a different route for the reaction. 

3 
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4 The diagram represents, for a given temperature, the Boltzmann distribution of the kinetic 

energies of the molecules in a mixture of two gases that will react together. The activation energy 

for the reaction, Ea , is marked. 
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The dotted curves below show the Boltzmann distribution for the same reaction at a higher 

temperature. On these diagrams, H represents the activation energy at the higher temperature. 

 

Which diagram is correct? 
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5 Crotonaldehyde, CH3CH=CHCHO, can be obtained by oxidising butadiene, CH2=CHCH=CH2, 

using air or oxygen. One method is to pass a mixture of butadiene and oxygen through a hot 

aqueous solution of palladium(II) ions, Pd
2+

(aq), which catalyse the reaction. 

 

Which statement is not correct about the action of the Pd
2+

(aq) ions? 

A Changing the concentration of the Pd
2+

(aq) will have an effect on the rate of the reaction. 

B Pd
2+

(aq) increases the energy of the reacting molecules. 

C Pd
2+

(aq) lowers the activation energy for the reaction. 

D Pd
2+

(aq) provides a different route for the reaction. 
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5 Na2S2O3 reacts with dilute HCl to give a pale yellow precipitate. If 1 cm
3

 of 0.1 mol dm
–3

 HCl is 

added to 10 cm
3

 of 0.02 mol dm
–3

 Na2S2O3 the precipitate forms slowly.  

 

If the experiment is repeated with 1 cm
3

 of 0.1 mol dm
–3

 HCl and 10 cm
3

 of 0.05 mol dm
–3

 Na2S2O3 

the precipitate forms more quickly. 

 

Why is this? 

A The activation energy of the reaction is lower when 0.05 mol dm
–3

 Na2S2O3 is used. 

B The collisions between reactant particles are more violent when 0.05 mol dm
–3

 Na2S2O3 is 

used. 

C The reactant particles collide more frequently when 0.05 mol dm
–3

 Na2S2O3 is used. 

D The reaction proceeds by a different pathway when 0.05 mol dm
–3

 Na2S2O3 is used. 

 

 

6 Which stage in the free radical substitution of ethane by chlorine will have the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 

 

 

7 Measured values of the pressure, volume and temperature of a known mass of a gaseous 

compound are to be substituted into the equation pV = nRT. 

 

The measurements are used to calculate the relative molecular mass, Mr, of a compound. 

 

Which conditions of pressure and temperature would give the most accurate value of Mr? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

8 Which solid contains more than one kind of bonding? 

A copper 

B diamond 

C ice 

D magnesium oxide 
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5 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 

 

Which curve was obtained if the rate of reaction was plotted against time for an autocatalytic 

reaction? 
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6 The diagrams below show the Boltzmann distribution for air at two temperatures. 

 

The solid line represents the distribution at –20 °C. 

 

The dotted line represents the distribution at –10 °C. 

 

Which diagram is correct? 
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5 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 

 

Which curve was obtained if the rate of reaction was plotted against time for an autocatalytic 

reaction? 
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6 The diagrams below show the Boltzmann distribution for air at two temperatures. 

 

The solid line represents the distribution at –20 °C. 

 

The dotted line represents the distribution at –10 °C. 

 

Which diagram is correct? 

 

energy

number of
molecules

C

energy

number of
molecules

D

energy

number of
molecules

A

energy

number of
molecules

B

 

 

 

 

3 

© UCLES 2013 9701/11/O/N/13 [Turn over 

5 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 

 

Which curve was obtained if the rate of reaction was plotted against time for an autocatalytic 

reaction? 
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6 The diagrams below show the Boltzmann distribution for air at two temperatures. 

 

The solid line represents the distribution at –20 °C. 

 

The dotted line represents the distribution at –10 °C. 

 

Which diagram is correct? 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The diagram shows a Boltzmann distribution of molecular energies for a gaseous mixture. The 

distribution has a peak, labelled P on the diagram. 

 

00

activation
energy

P

molecular energy

number of
molecules

 

 

What happens when the temperature of the mixture increases? 

A The height of the peak, P, decreases and the activation energy moves to the left. 

B The height of the peak, P, decreases and the activation energy moves to the right. 

C The height of the peak, P, decreases and the activation energy does not change. 

D The height of the peak, P, increases and the activation energy moves to the left. 

 

 

2 Substances X, Y and Z are all solids. Some of their physical properties are given in the table. 

 

substance X Y Z 

melting point / °C 772 114 1610 

boiling point / °C 1407 183 2205 

electrical conductivity 

of the liquid state

conducts does not conduct does not conduct 

 

What type of lattice could each substance have? 

 

 X Y Z 

A giant molecular simple molecular ionic 

B ionic giant molecular simple molecular 

C ionic simple molecular giant molecular 

D simple molecular ionic giant molecular 
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11 Boltzmann distributions are shown in the diagrams. 

 

number of 
molecules 

0 
0 

diagram 1 

molecular energy

number of 
molecules 

0 
0 

diagram 2 

molecular energy

P 

Q 

X Y 

 

 

In diagram 1, one curve, P or Q, corresponds to a temperature higher than that of the other 

curve. 

 

In diagram 2, one line, X or Y, corresponds to the activation energy in the presence of a catalyst 

and the other line corresponds to the activation energy of the same reaction in the absence of a 

catalyst. 

 

Which combination gives the correct curve and line? 

 

 
higher 

temperature 

presence of 

catalyst 

A P X 

B P Y 

C Q X 

D Q Y 

 

 

12 Redox reactions occur very frequently in the chemistry of Group VII. 

 

Which statement is correct? 

A Chlorine will oxidise bromide ions but not iodide ions. 

B Fluorine is the weakest oxidising agent out of F
2
, Cl 

2
, Br

2
 and I

2
. 

C Iodide ions are the weakest reducing agent out of F –, Cl –, Br – and I –. 

D When chlorine reacts with water, chlorine is both oxidised and reduced. 

 

 

CEDAR COLLEGE REACTION KINETICS WS 3



 195

27

28

 

3 

© UCLES 2014 9701/12/M/J/14 [Turn over 

3 The enthalpy change of formation of carbon dioxide is –394 kJ mol
–1

. 

The enthalpy change of formation of water is –286 kJ mol
–1

. 

The enthalpy change of formation of methane is –74 kJ mol
–1

. 

 

What is the enthalpy change of combustion of methane? 

A –892 kJ mol
–1

 

B –606 kJ mol
–1

 

C +606 kJ mol
–1

 

D +892 kJ mol
–1

 

 

 

4 Hydrogen and carbon dioxide gases are mixed in equal molar amounts at 800 K. A reversible 

reaction takes place. 

 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 

 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 

 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 

 

 

5 In the diagram, curve X was obtained by observing the decomposition of 100 cm
3

 of 1.0 mol dm
–3

 

hydrogen peroxide, catalysed by manganese(IV) oxide. 

 

volume of
oxygen
formed

0 
0 time

Y
X

 

 

Which alteration to the original experimental conditions would produce curve Y? 

A adding more manganese(IV) oxide 

B adding some 0.1 mol dm
–3

 hydrogen peroxide 

C adding water 

D raising the temperature 

 

 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The Boltzmann distribution for a gas at constant temperature is shown below. 

 

n = number
of molecules

0 
0 

molecular energy
X Y Z

 

 

If the temperature of the gas is reduced by 10 °C the graph changes shape. 

 

What happens to the values of n for the molecular energies X, Y and Z ? 

 

 X Y Z 

A higher lower higher 

B higher lower lower 

C lower higher lower 

D lower lower lower 

 

 

2 Which compound has the greatest total number of lone pairs of electrons in the valence shells of 

all of its atoms? 

A CH3Cl B CO2 C N2H4 D NH4CN 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Which solid-line curve most accurately represents the distribution of molecular energies in a gas 

at 500 K if the dotted-line curve represents the corresponding distribution for the same gas at 

300 K? 

 

number of
molecules

molecular energy

A  

number of
molecules

molecular energy

B  

number of
molecules

molecular energy

C 

number of
molecules

molecular energy

D 

 

 

 

2 In which reaction does hydrogen behave as an oxidising agent? 

A H2  +  Cl 2  →  2HCl 

B C2H4  +  H2  →  C2H6 

C N2  +  3H2  →  2NH3 

D 2Na  +  H2  →  2NaH 

 

 

3 Ethanol is increasingly being used as a fuel for cars. 

 

The standard enthalpy change of formation of carbon dioxide is –393 kJ mol
–1

. 

The standard enthalpy change of formation of water is –286 kJ mol
–1

. 

The standard enthalpy change of formation of ethanol is –277 kJ mol
–1

. 

 

What is the standard enthalpy change of combustion of ethanol? 

A –1921 kJ mol
–1

 

B –1367 kJ mol
–1

 

C –956 kJ mol
–1

 

D – 402 kJ mol
–1
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6  Hydrazine, N2H4, is used as a rocket fuel because it reacts with oxygen as shown, producing 

‘environmentally friendly’ gases. 

 

 N2H4(l)  +  O2(g)  →  N2(g)  +  2H2O(g) ∆H = –534 kJ mol
–1

 

 

Despite its use as a rocket fuel, hydrazine does not burn spontaneously in oxygen. 

 

Which statement explains why hydrazine does not burn spontaneously? 

A Hydrazine is a liquid. 

B The activation energy is too high. 

C The N  N bond is very strong. 

D The reaction is exothermic. 

 

 

7 A 10.0 cm
3

 bubble of an ideal gas is formed on the sea bed where it is at a pressure of 2020 kPa. 

 

Just below the sea surface the pressure is 101 kPa and the temperature is the same as the sea 

bed. 

 

What is the volume of the bubble when it rises to just below the sea surface? 

A 10.0 cm
3

 B 20.2 cm
3

 C 200 cm
3

 D 2 020 000 cm
3

 

 

 

8  Four substances have the physical properties shown. 

 

Which substance is an ionic solid? 

 

 

melting point 

/ °C 

boiling point 

/ °C 

electrical 

conductivity 

of solid 

electrical 

conductivity 

of molten 

substance 

electrical 

conductivity 

of aqueous 

solution 

A –115 –85 poor poor good 

B 660 2470 good good insoluble 

C 993 1695 poor good good 

D 1610 2230 poor poor insoluble 

 

 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The diagram below represents, for a given temperature, the Boltzmann distribution of the kinetic 

energy of the molecules in a mixture of two gases that react slowly together. 

 

The activation energy for the reaction, Ea, is marked. 

 

When the reaction is catalysed, the rate of reaction increases a little. 

 

What will be the position of Ea for the catalysed reaction? 

 

Ea

number of
molecules

kinetic
energy

A B C D  

 

 

2 Use of the Data Booklet is relevant to this question. 

 

In some types of spectroscopy, it is important to know if ions are isoelectronic. This means that 

they contain equal numbers of electrons. 

 

Which ion is not isoelectronic with K
+

? 

A Ca
2+

 B Cl – C S
2–

 D Ti
3+

 

 

 

3 Which row shows properties of a ceramic material? 

 

 
melting point 

/ K 

boiling point 

/ K 

conductivity 

of solid 

A 156 352 none 

B 922 1380 good 

C 2130 2943 good 

D 3125 3873 none 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The diagram shows a Boltzmann distribution of molecular energies for a gaseous mixture. The 

distribution has a peak, labelled P on the diagram. 

 

00

activation
energy

P

molecular energy

number of
molecules

 

 

What happens when an effective catalyst is added to the mixture? 

A The height of the peak decreases and the activation energy moves to the right. 

B The height of the peak decreases and the activation energy moves to the left. 

C The height of the peak remains the same and the activation energy moves to the right. 

D The height of the peak remains the same and the activation energy moves to the left. 

 

 

2 Which quantity gives the best indication of the relative strengths of the hydrogen bonds between 

the molecules in liquid hydrogen halides? 

A bond dissociation energies 

B enthalpy changes of formation 

C enthalpy changes of solution 

D enthalpy changes of vaporisation 

 

 

3 Use of the Data Booklet is relevant to this question. 

 

1.00 g of carbon is combusted in a limited supply of pure oxygen. 0.50 g of the carbon combusts 

to form CO2 and 0.50 g of the carbon combusts to form CO. 

 

The resultant mixture of CO2 and CO is passed through excess NaOH(aq) and the remaining gas 

is then dried and collected. 

 

What is the volume of the remaining gas? (All gas volumes are measured at 25 °C and 

1 atmosphere pressure.) 

A 1 dm
3

 B 1.5 dm
3

 C 2 dm
3

 D 3 dm
3
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11 The Boltzmann distribution below shows the distribution of molecular energies in a sample of a 

gas at a given temperature. 

 

00 molecular energy

number of
molecules

 

 

Which statement correctly describes the change in such a distribution if the temperature is 

increased? 

A Fewer molecules possess the most probable energy value and this value shifts to the left. 

B Fewer molecules possess the most probable energy value and this value shifts to the right. 

C More molecules possess the most probable energy value and this value shifts to the left. 

D The area under the curve of the distribution increases. 

 

 

12 Use of the Data Booklet is relevant to this question. 

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

13 What happens when a piece of magnesium ribbon is placed in cold water? 

A A vigorous effervescence occurs. 

B Bubbles of gas form slowly on the magnesium. 

C The magnesium floats on the surface of the water and reacts quickly. 

D The magnesium glows and a white solid is produced. 

 

 

14 Compound X releases carbon dioxide gas and forms a white solid, Y, when it is heated. Neither X 

nor Y are soluble in water. Compound Y is used as a refractory kiln lining. 

 

What is compound X? 

A CaCO3 B CaO C MgCO3 D MgO 
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10 The decomposition reaction  SF6(g)  →  SF4(g)  +  F2(g)  can be described by the reaction 

pathway diagram shown. 

 

extent of reaction

energy
SF4(g)  +  F2(g)

SF6(g)

X

Y

 

 

What are the values of ∆H o and Ea for this reaction? 

 

 ∆H o Ea 

A X X + Y 

B X Y 

C X – Y X 

D Y – X X 

 

 

11 Which row correctly describes what happens when the temperature of a chemical reaction is 

decreased? 

 

 
activation energy 

(Ea) 

number of 

successful collisions 

A decreases decreases 

B decreases increases 

C remains the same decreases 

D remains the same increases 

 

 

12 Which property decreases on descending Group II? 

A radius of the cation, M
2+

 

B reactivity of the element with water 

C shielding of outermost electrons 

D the ease of thermal decomposition of the carbonates, MCO3 

 

 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The diagram shows the Boltzmann energy distribution curve for molecules of a mixture of two 

gases at a given temperature. For a reaction to occur the molecules must collide together with 

sufficient energy. 

 

number of
molecules

Ea1 Ea2

molecular energy

00

 

 

Ea is used to represent the activation energy for the reaction between the gases. Of the two 

values shown, one is the activation energy for a catalysed reaction, the other for an uncatalysed 

reaction. 

 

Which statement about E
a1

 is correct? 

A Ea1 corresponds to a catalysed reaction with fewer effective collisions than the uncatalysed 

reaction. 

B Ea1 corresponds to an uncatalysed reaction with fewer effective collisions than the catalysed 

reaction. 

C Ea1 corresponds to a catalysed reaction with a greater number of effective collisions than the 

uncatalysed reaction. 

D Ea1 corresponds to an uncatalysed reaction with a greater number of effective collisions than 

the catalysed reaction. 

 

 

2 Which diagram shows the correct graph of pV against n for an ideal gas at constant temperature? 

 

pV

n

A

pV

n

B

pV

n

C

pV

n

D

00 00 00 00
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8 The following reaction was carried out. 

 

HCO2CH3(aq)  +  NaOH(aq)  →  HCO2Na(aq)  +  CH3OH(aq) 

 

The concentration of methanol, [CH3OH(aq)], was measured with time, t. 

 

Which graph shows the relationship between [CH3OH(aq)] and t ? 

 

[CH3OH(aq)]

A

0
0 t

[CH3OH(aq)]

B

0
0 t

[CH3OH(aq)]

C

0
0 t

[CH3OH(aq)]

D

0
0 t

 

 

 

9 Brine is concentrated aqueous sodium chloride. Brine is electrolysed in a diaphragm cell. 

 

What is the purpose of the diaphragm? 

A to prevent Cl 2 reacting with H2 

B to prevent HCl reacting with Na 

C to prevent NaOH reacting with Cl 2 

D to prevent NaOH reacting with HCl 

 

  

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The table gives the successive ionisation energies for an element X. 

 

 1st 2nd 3rd 4th 5th 6th 

ionisation energy / kJ mol
–1

 950 1800 2700 4800 6000 12 300 

 

What could be the formula of a chloride of X? 

A XCl B XCl 2  C XCl 3  D XCl 4  
 

 

2 Which set of conditions gives the highest yield of ammonia at equilibrium? 

 

N2 (g)  +  3H2 (g)    2NH3 (g) ∆H o  = –92 kJ mol
–1

 

 

 catalyst pressure temperature 

A absent high low 

B absent low high 

C present high high 

D present low low 

 

 

3 Use of the Data Booklet is relevant to this question. 

 

The compound S2 O7  is hydrolysed by water to produce sulfuric acid and oxygen only. 

 

Which volume of oxygen, measured at room temperature and pressure, is evolved when 0.352 g 

of S2 O7  is hydrolysed? 

A 12 cm
3

 B 24 cm
3

 C 48 cm
3

 D 96 cm
3

 

 

 

4 Nitrogen, N2 , and carbon monoxide, CO, both have Mr = 28. 

 

The boiling point of N2  is 77 K. 

 

The boiling point of CO is 82 K. 

 

What could be responsible for this difference in boiling points?  

A CO molecules have a permanent dipole, the N2  molecules are not polar. 

B N2  has σ and π bonding, CO has σ bonding only. 

C N2  has a strong N≡N bond, CO has a C=O bond. 

D The CO molecule has more electrons than the N2  molecule. 

 

CEDAR COLLEGE REACTION KINETICS WS 3



 200

38

39

40

 

5 

© UCLES 2015 9701/12/O/N/15 [Turn over 

10 The decomposition reaction  SF6(g)  →  SF4(g)  +  F2(g)  can be described by the reaction 

pathway diagram shown. 

 

extent of reaction

energy
SF4(g)  +  F2(g)

SF6(g)

X

Y

 

 

What are the values of ∆H o and Ea for this reaction? 

 

 ∆H o Ea 

A X X + Y 

B X Y 

C X – Y X 

D Y – X X 

 

 

11 Which row correctly describes what happens when the temperature of a chemical reaction is 

decreased? 

 

 
activation energy 

(Ea) 

number of 

successful collisions 

A decreases decreases 

B decreases increases 

C remains the same decreases 

D remains the same increases 

 

 

12 Which property decreases on descending Group II? 

A radius of the cation, M
2+

 

B reactivity of the element with water 

C shielding of outermost electrons 

D the ease of thermal decomposition of the carbonates, MCO3 
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11 Ammonia is made by the Haber process. The reactants are nitrogen and hydrogen. 

 

 N2(g)  +  3H2(g)    2NH3(g) ∆H –ve 

 

What will increase the rate of the forward reaction? 

A adding argon to the mixture but keeping the total volume constant 

B decreasing the temperature 

C increasing the total pressure by reducing the total volume at constant temperature 

D removing ammonia as it is made but keeping the total volume of the mixture the same 

 

 

12 X is a Group II metal. The carbonate of X decomposes when heated in a Bunsen flame to give 

carbon dioxide and a white solid residue as the only products. This white solid residue is 

sparingly soluble in water. Even when large amounts of the solid residue are added to water the 

pH of the saturated solution is less than that of limewater. 

 

What could be the identity of X? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

13 Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

14 Use of the Data Booklet is relevant to this question. 

 

Which of the elements sodium, magnesium, aluminium, silicon, phosphorus, sulfur and chlorine 

 

• has a lower first ionisation energy than the preceding element in the Periodic Table, 

• conducts electricity and 

• has a lower atomic radius than the preceding element in the Periodic Table? 

A aluminium 

B magnesium 

C phosphorus 

D sulfur 
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10 The decomposition reaction  SF6(g)  →  SF4(g)  +  F2(g)  can be described by the reaction 

pathway diagram shown. 

 

extent of reaction

energy
SF4(g)  +  F2(g)

SF6(g)

X

Y

 

 

What are the values of ∆H o and Ea for this reaction? 

 

 ∆H o Ea 

A X X + Y 

B X Y 

C X – Y X 

D Y – X X 

 

 

11 Which row correctly describes what happens when the temperature of a chemical reaction is 

decreased? 

 

 
activation energy 

(Ea) 

number of 

successful collisions 

A decreases decreases 

B decreases increases 

C remains the same decreases 

D remains the same increases 

 

 

12 Which property decreases on descending Group II? 

A radius of the cation, M
2+

 

B reactivity of the element with water 

C shielding of outermost electrons 

D the ease of thermal decomposition of the carbonates, MCO3 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 The salt NaCl O3 is used as a non-selective weedkiller. 

 

On careful heating, this reaction occurs: 4NaCl O3  →  NaCl  +  3NaCl O4. 

 

On strong heating this reaction occurs: NaCl O4  →  NaCl + 2O2. 

 

The overall reaction is 2NaCl O3  →  2NaCl  +  3O2. 

 

What do these equations show? 

1 NaCl O3 can behave as an oxidising agent. 

2  NaCl O3 can behave as a reducing agent. 

3 The oxidation numbers of chlorine in the three compounds shown are +6, +8 and –1. 

 

 

34 Which statements correctly describe an effect of a rise in temperature on a gas-phase reaction? 

1 More particles now have energies greater than the activation energy. 

2  The energy distribution profile changes with more particles having the most probable energy. 

3 The activation energy of the reaction is decreased. 

 

 

35  Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2  The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

36 Sulfur dioxide is used as a food preservative. 

 

Which statements about sulfur dioxide, SO2, are correct? 

1 SO2 behaves as an antioxidant. 

2  Aqueous SO2 contains SO3

2–

 ions. 

3 SO2 inhibits the growth of mould and yeasts. 

 

 

!

13 

© UCLES 2016 9701/13/M/J/16 [Turn over 

33 The diagram shows the Boltzmann distribution of molecular energies in one mole of a gas at two 

temperatures, T1  and T2. 

 

proportion of
molecules
with a
given energy

molecular energy

E1

T1

E2

T2

 

 

Which statements are correct? 

1 The shaded area represents the proportion of molecules with energies between E 1  and E 2 at 

temperature T2. 

2 No particles have zero energy at either temperature. 

3 T2 is a lower temperature than T1 . 

 

 

34 When KCl O3  is heated, the following reaction occurs. 

 

4KCl O3   →  3KCl O4   +  KCl 

 

Which statements are correct? 

1 The oxidation state of Cl in KCl O3  is +5. 

2 The oxidation state of some Cl atoms decreases by 6. 

3 The reaction involves disproportionation. 

 

 

35 Why is the first ionisation energy of aluminium less than that of magnesium? 

1 The outer electron in the aluminium atom is more shielded from the nuclear charge. 

2 The outer electron in the aluminium atom is in a higher energy orbital. 

3 The outer electron in the aluminium atom is further from the nucleus. 

 

 

36 Ammonia is a colourless gas that is produced by the Haber process. 

 

Which statements about ammonia are correct? 

1 An ammonia molecule has three bond pairs and one lone pair of electrons. 

2 If ammonia is bubbled into water the pH of the solution will increase. 

3 Ammonia gas can be made by warming ammonium sulfate with aqueous hydrochloric acid. 

 

�
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
 
 

!
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 Which statements about reversible reactions are correct? 

1 An increase in concentration of a reactant always increases the concentration of the product. 

2 An increase in temperature always increases the rate at which the equilibrium is established. 

3 An increase in temperature always increases the concentration of the product at equilibrium. 
 
 
34 A chemist puts a sample of dilute aqueous hydrochloric acid into beaker 1. She adds a sample of 

zinc and measures the rate of production of hydrogen gas. 
 

She then puts a different sample of dilute aqueous hydrochloric acid into beaker 2. She adds a 
different sample of zinc and measures the rate of production of hydrogen gas. 

 
The rate of the reaction in beaker 2 is greater than the rate of the reaction in beaker 1. 

 
Which factors could help to explain this observation? 

1 The reaction in beaker 1 has a higher activation energy than the reaction in beaker 2. 

2 The zinc in beaker 1 is in larger pieces than the zinc in beaker 2. 

3 The acid in beaker 1 is at a lower concentration than the acid in beaker 2. 
 
 
35 In some rice-growing parts of the world, farmers use a combination of paddy fields and a fish 

farm. Rice paddy fields are flooded for much of the growing cycle and water running off the fields 
flows through pens where fish are raised. Nitrogen-based fertilisers are generally very soluble in 
water. 

 
Which problems could result from farmers applying excess nitrogen-based fertilisers to their 
paddy fields? 

1 decreased fish production in the fish pens 

2 decreased levels of oxygen in the water 

3 increased growth of algae in the fish pens 
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37 The equation shows a gas phase reaction. 

 

X(g)  →  2Y(g) 

 

The diagram shows the Boltzmann distribution of a fixed mass of X(g) at temperature T in the 

absence of a catalyst. The line EA indicates the activation energy. 

 

0
0

proportion of
molecules
with a given
energy

molecular energy
EA

 

 

Which diagrams correctly show the effect of the following changes made separately and 

independently? 

 

0
0

proportion of
molecules
with a given
energy

1 adding a catalyst

molecular energy

0
0

proportion of
molecules
with a given
energy

2 increasing the pressure of X(g)

molecular energy

0
0

proportion of
molecules
with a given
energy

3 increasing the temperature of X(g)

molecular energy

temperature T '
(T ' > T )

temperature T

EA

EA

EA

 

 

CEDAR COLLEGE REACTION KINETICS WS 3



 203

5

6

7

8

9

!

13 

© UCLES 2017 9701/12/F/M/17 [Turn over 

34 Sulfur dioxide and oxygen react in the gas phase. 

 

 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –197 kJ mol
–1

 

 

Which statements are correct? 

1 Increasing the pressure increases the equilibrium yield of SO3. 

2 Increasing the temperature lowers the value of the equilibrium constant Kp. 

3 The presence of a vanadium(V) oxide catalyst increases the equilibrium yield of SO3. 

 

 

35 Three test-tubes, X, Y, and Z, each contain a small amount of water. 

 

● A small amount of NaCl is added to test-tube X. 

● A small amount of SiCl 4 is added to test-tube Y. 

● A small amount of Al Cl 3 is added to test-tube Z. 

 

After a short time, two drops of Universal Indicator solution are added to each test-tube. 

 

Which observations are made? 

1 The indicator added to test-tube X stays green. 

2 The indicator added to test-tube Y turns red. 

3 The indicator added to test-tube Z turns red. 

 

 

36 Sodium chloride and sodium iodide react with concentrated sulfuric acid. 

 

Which statements are correct? 

1 Sodium chloride is not oxidised by concentrated sulfuric acid. 

2 No colour change is seen when concentrated sulfuric acid is added to sodium chloride. 

3 Sodium iodide is oxidised by concentrated sulfuric acid. 

 

 

37 Which compounds can be obtained from but-2-ene in a single reaction? 

1 CH3CH(OH)CH(OH)CH3 

2 CH3CH(OH)CH2CH3 

3 CH3CO2H 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Compound Q contains 40% carbon by mass. 
 

What could Q be? 

1 glucose, C6H12O6 

2 starch, (C6H10O5)n 

3 sucrose, C12H22O11 
 
 
32 A container is partially filled with hot water, sealed and left to cool. 
 

Which statements are correct? 

1 As the temperature decreases, water molecules lose kinetic energy. 

2 As the temperature decreases, more water molecules move from vapour to liquid. 

3 As the temperature decreases, the vapour pressure of the water decreases. 
 
 
33 Ammonia and chlorine react together in the gas phase. 
 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 
 

Which statements are correct? 

1 Ammonia behaves as a reducing agent. 

2 Ammonia behaves as a base. 

3 The oxidation number of hydrogen changes. 
 
 

!
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34 The rate of chemical reactions can be increased by the addition of a suitable catalyst. 
 

For which reactions can a heterogeneous catalyst be used? 

1 N2  +  3H2    2NH3 

2 2SO2  +  O2    2SO3 

3 2NO  +  2CO    N2  +  2CO2 
 
 
35 Which chlorides, when added to water, can produce a solution with a pH of less than 5? 

1 SiCl 4 

2 Al Cl 3 

3 MgCl 2 
 
 
36 Acid rain continues to be a problem. 
 

Which statements about acid rain are correct? 

1 Acid rain is formed when oxides of nitrogen or oxides of sulfur react with water in the 
atmosphere. 

2 Acid rain causes an increase in the concentration of heavy metal ions in water courses. 

3 Nitrogen dioxide will catalyse the formation of SO3 from SO2 in the atmosphere. 
 
 
37 Which compounds contain a chiral centre? 

1 2-hydroxybutanoic acid 

2 3-hydroxybutanoic acid 

3 4-hydroxybutanoic acid 
 
 
38 The diagram shows the monomer used to make polyvinyl chloride, PVC. 
 

 
 

Assuming that one particular molecule of the polymer forms from n molecules of the monomer 
(where n is many thousands), which statements are correct? 

1 The relative molecular mass of this polymer molecule is approximately 62.5n. 

2 There are n chiral carbon atoms in this polymer molecule. 

3 There are 5n V bonds in one polymer molecule. 
 
 

C C

H

Cl

H

H
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34 Sulfur dioxide and oxygen react in the gas phase. 

 

 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –197 kJ mol
–1

 

 

Which statements are correct? 

1 Increasing the pressure increases the equilibrium yield of SO3. 

2 Increasing the temperature lowers the value of the equilibrium constant Kp. 

3 The presence of a vanadium(V) oxide catalyst increases the equilibrium yield of SO3. 

 

 

35 Three test-tubes, X, Y, and Z, each contain a small amount of water. 

 

● A small amount of NaCl is added to test-tube X. 

● A small amount of SiCl 4 is added to test-tube Y. 

● A small amount of Al Cl 3 is added to test-tube Z. 

 

After a short time, two drops of Universal Indicator solution are added to each test-tube. 

 

Which observations are made? 

1 The indicator added to test-tube X stays green. 

2 The indicator added to test-tube Y turns red. 

3 The indicator added to test-tube Z turns red. 

 

 

36 Sodium chloride and sodium iodide react with concentrated sulfuric acid. 

 

Which statements are correct? 

1 Sodium chloride is not oxidised by concentrated sulfuric acid. 

2 No colour change is seen when concentrated sulfuric acid is added to sodium chloride. 

3 Sodium iodide is oxidised by concentrated sulfuric acid. 

 

 

37 Which compounds can be obtained from but-2-ene in a single reaction? 

1 CH3CH(OH)CH(OH)CH3 

2 CH3CH(OH)CH2CH3 

3 CH3CO2H 
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34 The temperature of a reversible gas phase reaction is increased. 
 

Which statements are always correct? 

1 More product is present at equilibrium. 

2 The average speed of the particles increases. 

3 There are more successful collisions per unit time. 
 
 
35 Three samples of chlorine gas each contain 0.710 g of chlorine. Each sample is reacted with a 

reagent. 
 

● In the first reaction a sample is reacted completely with hydrogen gas. 

● In the second reaction a sample is reacted completely with cold NaOH(aq). 

● In the third reaction a sample is reacted completely with hot NaOH(aq). 
 

Which masses of the named products would be formed? 

1 Exactly 0.730 g of HCl form in the first reaction. 

2 Exactly 0.585 g of NaCl form in the second reaction. 

3 Exactly 0.975 g of NaCl form in the third reaction. 
 
 
36 Solid barium oxide is added to some ammonium sulfate solution in a test-tube and the mixture is 

warmed. A piece of damp red litmus paper is held over the mouth of the test-tube. 
 

Which observations would be made? 

1 The damp litmus paper initially turns from red to blue. 

2 A white precipitate forms in the test-tube. 

3 A brown gas is evolved with strong heating. 
 
 
37 Which compounds show geometrical (cis-trans) isomerism? 

1 CH3CH=C(CH3)C2H5 

2 CH3CH=CHCH2CH2CH3 

3 C2H5CH=CHC2H5 
 
 
38 Which pairs of compounds may be distinguished from each other by testing with alkaline aqueous 

iodine? 

1 ethane-1,2-diol and ethanol 

2 propan-2-ol and methylpropan-2-ol 

3 ethanol and butan-2-ol 
 

I
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1 (a) Draw a diagram to show the Boltzmann distribution of molecular energies. Label the axes.

[2]

(b) Comment on the shape of the distribution curve.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[1]

(c) (i) Explain the meaning of the term activation energy.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

(ii) Insert and label the activation energy in your diagram in (a). [2]

(d) (i) Use a dotted line added to your diagram in (a) to show how the distribution of
molecular energies changes at a slightly higher temperature (label this curve +δT ).

(ii) Use this new line to explain why reactions are faster at a higher temperature.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[3]

[Total : 8]

For
Examiner’s

Use

CEDAR COLLEGE REACTION KINETICS WS 4



 205

2

!

4

9701/21/M/J/10© UCLES 2010

For
Examiner’s

Use

2 The diagram below shows, for a given temperature T, a Boltzmann distribution of the kinetic 
energy of the molecules of a mixture of two gases that will react together, such as nitrogen 
and hydrogen.

 The activation energy for the reaction, Ea, is marked.

Ea energy

number of
molecules

 (a) On the graph above,

  (i) draw a new distribution curve, clearly labelled T!, for the same mixture of gases at 
a higher temperature, T!;

  (ii) mark clearly, as H, the position of the activation energy of the reaction at the higher 
temperature, T!.

[3]

 (b) Explain the meaning of the term activation energy.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................  [2]
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 The reaction between nitrogen and hydrogen to produce ammonia in the Haber process is 
an example of a large-scale gaseous reaction that is catalysed.

 (c) (i) State the catalyst used and give the operating temperature and pressure of the 
Haber process.

catalyst  ......................................................

temperature  ...............................................

pressure  ....................................................

  (ii) On the energy axis of the graph opposite, mark the position, clearly labelled C, 
of the activation energy of the reaction when a catalyst is used.

  (iii) Use your answer to (ii) to explain how the use of a catalyst results in reactions 
occurring at a faster rate.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................
[3]

 (d) Two reactions involving aqueous NaOH are given below.

    CH3CHBrCH3 + NaOH  CH3CH(OH)CH3 + NaBr reaction 1

    HCl + NaOH  NaCl + H2O reaction 2

  In order for reaction 1 to occur, the reagents must be heated together for some time. 
On the other hand, reaction 2 is almost instantaneous at room temperature.

  Suggest brief explanations why the rates of these two reactions are very different.

reaction 1  ........................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

reaction 2  ........................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................  [4]

[Total: 12]
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2  The Haber process for the manufacture of ammonia, NH3, was originally devised at the start of the 
20th century and was developed into a full-scale industrial process by Carl Bosch in 1913.

  The key step in the process is the reversible reaction of nitrogen and hydrogen in the presence of 
an iron catalyst.

 N2(g)  +  3H2(g)    2NH3(g) ¨H = –92 kJ mol–1

 (a)  The hydrogen for this reaction can be formed by reacting methane with steam, during which 
carbon monoxide is also produced. Write an equation for this reaction.

  ..............................................................................................................................................   [1]

 (b)  Use the Boltzmann distribution shown to explain why a catalyst increases the rate of this 
reaction.

number of
molecules

kinetic energy

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................   [4]

 (c)  Draw a three-dimensional diagram to show the shape of an ammonia molecule. Name this 
shape and state the bond angle.

 shape .......................................................................................  bond angle ........................  [3]
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 (b)  The reaction exists as a dynamic equilibrium.

 (i)  Explain what is meant by the term dynamic equilibrium.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (ii)  State and explain how the amounts of the chemicals present in the equilibrium mixture will 
change when the pressure is increased.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (c)  The process uses a platinum catalyst, which increases the rate of reaction.

  Sketch a Boltzmann distribution on the axes given below and use your diagram to explain how 
the platinum catalyst increases the rate of the reaction.

number of
molecules

molecular energ y

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]
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3  Over one million tonnes of hydrogen cyanide, HCN, are produced each year using the 
Andrussow process. The overall equation for the reaction is shown.

CH4(g)  +  NH3(g)  +  1 2
1 O2(g)    HCN(g)  +  3H2O(g)

 (a) (i)  Draw a dot-and-cross diagram to represent the bonding in a molecule of ammonia, NH3, 
and state the shape of the molecule.

 shape of molecule  ..............................................................................................................
[3]

 (ii)  A molecule of hydrogen cyanide, HCN, is shown.

NCH

  The bonding between the carbon and nitrogen atoms consists of one sigma (σ) bond and 
two pi (π) bonds.

  Sketch the shape of the sigma bond and one of the pi bonds in the space below.
  Show clearly the position of the atomic nuclei in each diagram.

sigma (σ) pi (π)
[2]
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2  Ammonium nitrate is an important fertiliser made by the acid-base reaction between ammonia and 
nitric acid.

 (a)  Write an equation for the production of ammonium nitrate from ammonia and nitric acid.

  ..............................................................................................................................................  [1]

  The ammonia for this reaction is produced by the Haber process and the nitric acid is produced by 
oxidation of ammonia.

 (b)  The Haber process involves a reaction between nitrogen and hydrogen at a temperature of 
450 °C and a pressure of 20 000 kPa. At a higher reaction temperature, the rate of production 
of ammonia would be greater.

 N2(g)  +  3H2(g)    2NH3 ∆H = –92 kJ mol–1

  The Boltzmann distribution curve shows the distribution of energies in a mixture of nitrogen 
and hydrogen at 450 °C.

number of
molecules

energyEa

 (i)  Sketch a second line onto the axes above to show the distribution of energies in the same 
mixture of gases at a higher temperature. [2]

 (ii)  With reference to the two curves, explain why the rate of production of ammonia would be 
greater at a higher temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  Add a suitable label to the horizontal axis above and use it to explain why a catalyst is 
used in the Haber process.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (iv)  Explain why a higher temperature is not used despite the fact that it would increase the 
rate of production of ammonia.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (c)  The first stage in the production of nitric acid involves the reaction of ammonia with oxygen to 
form nitrogen monoxide, NO, and water.

  Suggest an equation for this reaction and use oxidation numbers to show that it is a redox 
reaction.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]

 (d) (i)  Draw a dot-and-cross diagram of the ammonium ion. Show the outer electrons only.
  Use the following code for your electrons.
 • electrons from nitrogen
 × electrons from hydrogen

[2]

 (ii)  State the shape of an ammonium ion and give the H–N–H bond angle.

 shape  ..................................................................................................................................

 bond angle  ..........................................................................................................................
[2]

 (e)  State and explain the problems that arise from the overuse of ammonium nitrate fertiliser when 
the excess is washed into rivers.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]

[Total: 19]
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Period 3

This topic illustrates the regular patterns in chemical and physical properties of the 
elements in the Periodic Table.

a describe the reactions, if any, of the elements with oxygen (to give Na2O, MgO, Al2O3, 
P4O10, SO2, SO3), chlorine (to give NaCl, MgCl2, Al2Cl6, SiCl4, PCl5) and water (Na and 
Mg only)

b state and explain the variation in oxidation number of the oxides (sodium to sulfur 
only) and chlorides (sodium to phosphorus only) in terms of their valence shell 
electrons

c describe the reactions of the oxides with water (treatment of peroxides and 
superoxides is not required)  

d describe and explain the acid/base behaviour of oxides and hydroxides including, 
where relevant, amphoteric behaviour in reaction with acids and bases (sodium 
hydroxide only)

e describe and explain the reactions of the chlorides with water

f interpret the variations and trends in 9.2(b), (c), (d) and (e) in terms of bonding and 
electronegativity

g suggest the types of chemical bonding present in chlorides and oxides from 
observations of their chemical and physical properties

h predict the characteristic properties of an element in a given Group by using 
knowledge of chemical periodicity  

i deduce the nature, possible position in the Periodic Table and identity of unknown 
elements from given information about physical and chemical properties
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Inorganic chemistry
9 The Periodic Table: chemical periodicity

This topic illustrates the regular patterns in chemical and physical properties of the elements in the 
Periodic Table. 

Learning outcomes 
Candidates should be able to: 

9.1  Periodicity of 
physical properties 
of the elements in 
the third period

a) describe qualitatively (and indicate the periodicity in) the variations in 
atomic radius, ionic radius, melting point and electrical conductivity of 
the elements (see the Data Booklet )

b) explain qualitatively the variation in atomic radius and ionic radius 
c) interpret the variation in melting point and electrical conductivity in terms 

of the presence of simple molecular, giant molecular or metallic bonding 
in the elements 

d) explain the variation in first ionisation energy (see the Data Booklet) 
e) explain the strength, high melting point and electrical insulating 

properties of ceramics in terms of their giant structure; to include 
magnesium oxide, aluminium oxide and silicon dioxide 

9.2  Periodicity of 
chemical properties 
of the elements in 
the third period 

a) describe the reactions, if any, of the elements with oxygen (to give 
Na2O, MgO, Al 2O3, P4O10, SO2, SO3), chlorine (to give NaCl , MgCl 2, 
Al 2Cl 6, SiCl 4, PCl 5) and water (Na and Mg only)

b) state and explain the variation in oxidation number of the oxides (sodium 
to sulfur only) and chlorides (sodium to phosphorus only) in terms of 
their valence shell electrons

c) describe the reactions of the oxides with water
 (treatment of peroxides and superoxides is not required)
d) describe and explain the acid/base behaviour of oxides and hydroxides 

including, where relevant, amphoteric behaviour in reaction with acids 
and bases (sodium hydroxide only)

e) describe and explain the reactions of the chlorides with water
f) interpret the variations and trends in 9.2(b), (c), (d) and (e) in terms of 

bonding and electronegativity
g) suggest the types of chemical bonding present in chlorides and oxides 

from observations of their chemical and physical properties 

9.3  Chemical periodicity 
of other elements

a) predict the characteristic properties of an element in a given Group by 
using knowledge of chemical periodicity

b) deduce the nature, possible position in the Periodic Table and identity of 
unknown elements from given information about physical and chemical 
properties 
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PERIOD III

PHYSICAL PROPERTIES

 2

ELEMENT Na Mg Al Si P S Cl Ar

STRUCTURE metallic lattice
macromol

ecular
simple covalent molecules

SPECIES Na+ Mg2+ Al3+ Si atoms P4 S8 Cl2 Ar atoms

MELTING POINT low high low

MELTING POINT 
(oC)

98 649 660 1410 44 119 —101 —189

ELECTRICAL 
CONDUCTIVITY

high moderate low
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MELTING POINTS

 3

M
el

tin
g 

Po
in

ts
 in

 K
el

vi
n

450 

900 

1,350 

1,800 

Na Mg Al Si P S Cl Ar

In Na, Mg and Al, the more electrons an atom contributes from its 

outermost shell to the shared delocalised electrons, greater the cation’s 

charge density, the stronger the bonding and the higher the melting point. 

Silicon's abnormally high melting point is due to its giant covalent 

structure as all the covalent bonds have to be broken.

P4, S8, Cl2 & Ar have simple molecular structures held by weak van 

der Waals’ forces forces resulting in low melting points,

with S8 having the highest melting point of the 

four, due to the strongest induced van der Waals’ 

forces as it has the most electrons.

ELECTRICAL CONDUCTIVITY 

 4

E
le

ct
ri

ca
l C

o
n

d
u

ct
iv

it
y 

Na Mg Al Si P S Cl Ar

Sodium, Magnesium and Aluminium have a trend of increasing 

conductivity, due to increasing delocalized electrons.

Silicon is a semi-conductor due to delocalized electrons present 

throughout the structure.

Phosphorus(P4), Sulfur(S8), Chlorine(Cl2) and Argon(Ar) 

have simple molecular structures with no delocalized 

electrons and hence they do not conduct electricity.
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REACTIONS OF ELEMENTS WITH OXYGEN

All the elements in Period 3 except chlorine and argon react with oxygen directly forming 

their respective oxides.  

Oxygen being highly electronegative brings out the highest oxidation number of the 

elements.  

The oxidation number of the element in their oxides is always positive and the maximum 

oxidation number in the oxide is the same as the Group number, corresponding to the 

number of electrons in the outermost shell.

 5

ELEMENT Na Mg Al Si P S

FORMULA Na2O MgO Al2O3 SiO2 P4O10 SO2, SO3

OXIDATION # +1 +2 +3 +4 +5 +4, +6

REACTIONS OF ELEMENTS WITH OXYGEN

Sodium burns vigorously in air with a yellow flame to form sodium oxide. 

2Na (s)   +   ½ O2 (g)   ⟶   Na2O (s) 

Magnesium also reacts vigorously when heated in oxygen with a bright 

white flame, forming magnesium oxide.  

Mg (s)   +   ½ O2 (g)   ⟶   MgO (s) 

Aluminium metal is protected by a layer of aluminium oxide, but powdered 

aluminium does react well with oxygen burn with a bright white flame.  

4Al (s)   +   3 O2 (g)   ⟶   2 Al2O3 (s)

 6
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REACTIONS OF ELEMENTS WITH OXYGEN

Silicon reacts with oxygen slowly when heated to form silicon (IV) oxide.  

Si (s)   +   O2 (g)   ⟶   SiO2 (s) 

Phosphorus on heating burns with a yellow flame giving out white smokes of 
phosphorus(V) oxide.  

P4 (s)   +   5 O2 (g)   ⟶   P4O10 (s) 

Sulphur on heating burns with a blue flame forming sulphur dioxide.  

S (s)   +   O2 (g)   ⟶   SO2 (g) 

Sulphur dioxide may be converted to sulphur trioxide by reacting the gas with air in the 
presence of a catalyst.  

SO2 (g)   +  ½ O2 (g)   ⟶   SO3 (g)

 7

REACTIONS OF ELEMENTS WITH CHLORINE

When heated with chlorine, sodium, magnesium and aluminium react 

vigorously to form the respective solid white chlorides, aluminium chloride 

forming the dimer (Al2Cl6).  

Silicon and phosphorus react slowly forming liquid products, silicon 

forming silicon (IV) chloride and phosphorus forming phosphorus 

pentachloride.  

 8
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REACTIONS WITH WATER

Sodium reacts vigorously with cold water, giving off hydrogen gas. It quickly 

dissolves, leaving a strongly alkaline solution of sodium hydroxide behind: 

2Na(s)   +   2H2O(l)   ⟶   2NaOH(aq)   +   H2(g) 

Magnesium only reacts very slowly with cold water, to produce of hydrogen 

gas very weakly alkaline solution. 

Mg(s)   +   2H2O(l)   ⟶   Mg(OH)2(aq)   +   H2(g) 

Magnesium reacts vigorously steam to make MgO and hydrogen gas: 

Mg(s)   +   H2O(g)   ⟶   MgO(s)   +   H2(g)

 9

PERIOD 3 OXIDES

 10

ELEMENT Na Mg Al Si P S

FORMULA Na2O MgO Al2O3 SiO2 P4O10 SO2, SO3

OXIDATION # +1 +2 +3 +4 +5 +4, +6

TYPE BASIC AMPHOTERIC ACIDIC

BONDING IONIC COVALENT

STRUCTURE GIANT IONIC SIMPLE COVALENT

MELTING 
POINT

HIGH LOW
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PERIOD 3 OXIDES

 11
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8dkVaZci�dm^YZh
The structures of the covalent oxides of period 3 elements are shown in 
Table 4.4. Substances with van der Waals’ forces/dipole–dipole interactions 
between molecules have low melting points, as these forces are weak and 
little energy is required to break them.

CdiZh�dc�i]Z�higjXijgZh
P4O6 is a covalent molecular liquid at room temperature that freezes at 
24 °C. The structure is based on a tetrahedron of phosphorus atoms with 
an oxygen atom bridging each edge. There is no direct bonding between 
the P atoms. P4O10 has a structure that is basically the same as that of 
P4O6 except that there are four additional O atoms doubly bonded to 
each P atom.

In SO2, there are three negative charge centres around the S atom, and 
so the molecule is based on a trigonal planar shape (see Figure 4.19). As 
one of the negative charge centres is a lone pair, the shape is bent. O is 
more electronegative than S, and the molecule is polar. (It is also possible 
to draw an alternative Lewis structure for SO2 in which the octet on the 
S is not expanded – this is discussed on page 97).

Sulfur(VI) oxide (also called sulfur trioxide) is a colourless liquid 
at room temperature. The structure of the liquid is complex, and SO3 
molecules trimerise (three molecules join together) to a certain extent to 
form S3O9. The structure of the molecule present in the gaseous state is 
shown in the diagram in Table 4.4 (page 158).

Examiner’s tip
Only part of this section is 
required by Standard Level 
students – if you are studying 
Standard Level Chemistry, you 
should understand that the 
bonding in the oxides changes 
from ionic to covalent across 
the period. You should not 
have to recall the structures of 
the oxides.
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A basic oxide is one that will react with an acid to form a salt and, if 
soluble in water, will produce an alkaline solution. Sodium oxide reacts 
with water to form sodium hydroxide, according to the equation:

Na2O(s) + H2O(l) n 2NaOH(aq)

Sodium oxide reacts with acids such as sulfuric acid to form salts:

Na2O(s) + H2SO4(aq) n Na2SO4(aq) + H2O(l)

Magnesium oxide, because of the high charges on the ions, is not very 
soluble in water, but it does react to a small extent to form a solution of 
magnesium hydroxide, which is alkaline:

MgO(s) + H2O(l) n Mg(OH)2(aq)

Aluminium is right on the dividing line between metals and non-
metals and forms an amphoteric oxide (some of the properties of a 
basic oxide and some of an acidic oxide). Aluminium is here exhibiting 
properties that are between that of a metal (basic oxide) and a non-metal 
(acidic oxide).

Aluminium oxide does not react with water, but it displays amphoteric 
behaviour in that it reacts with acids and bases to form salts.

Reaction with acids:

Al2O3 + 6H+ n 2Al3+ + 3H2O

Reaction with alkalis/bases:

Al2O3 + 2OH− + 3H2O n 2Al(OH)4−

The remaining oxides in Table 4.5 are all acidic oxides. An acidic oxide 
is one that reacts with bases/alkalis to form a salt and, if soluble in water, 
will produce an acidic solution.

Examiner’s tip
The reactions highlighted like 
this one must be learnt for 
examinations.

Amphoteric oxide – reacts with 
both acids and bases.
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BASIC OXIDES

Sodium and magnesium oxides produce alkaline solutions with water  

Na2O (s)   + H2O (l)    ⟶   2NaOH (aq) 

MgO (s)   +   H2O (l)   ⟶   Mg(OH)2 (s) 

Mg(OH)2 is not very soluble in water resulting solution less alkaline solution. 

Both basic oxides dissolve in acids to form salt and water.  

Na2O(s)   +   2HCl (aq)  ⟶   2NaCl (aq)  +   H2O (l) 

MgO(s)   +   2HCl (aq)  ⟶   MgCl2 (aq)  +   H2O (l)

 13

ALUMINIUM OXIDE

The insoluble oxide of aluminium shows its amphoteric nature by 

reacting and dissolving in both acidic and alkaline solutions.  

Al2O3(s)   +   6H+   ⟶   2Al3+   +   3H2O 

Al2O3(s)   +   6HCl   ⟶   2AlCl3   +   3H2O 

Al2O3(s)   +   2OH—   +   3H2O   ⟶   2Al(OH)4
— 

Al2O3(s)   +   2NaOH   +   3H2O   ⟶   2NaAl(OH)4

 14
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NON-METAL OXIDES

The covalently bonded non-metal oxides of phosphorus and sulfur dissolve and 
react in water to form acidic solutions. 

P4O10(s)   +    6H2O   ⟶   4H3PO4  

SO2 (g)   +   H2O    ⟶   H2SO3 

SO3 (g)   +   H2O    ⟶   H2SO4 

These oxides also neutralise alkalis. 

P4O10(s)   +      12NaOH   ⟶   4Na3PO4   +   6H2O  

SO2 (g)   +   2NaOH   ⟶   Na2SO3   +   H2O 

SO3 (g)   +   2NaOH   ⟶   Na2SO4   +   H2O

 15
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ELEMENT Na Mg Al Si P

FORMULA NaCl MgCl2 Al2Cl6 SiCl4 PCl5

STRUCTURE GIANT IONIC SIMPLE COVALENT

OXIDATION # +1 +2 +3 +4 +5

STATE at RTP solid solid solid liquid solid

PH 7 6.5 3 2 2

OBSERVATIONS 
WITH WATER

white solids dissolve to form colourless 
solutions

white fumes of HCl gas 
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With four pairs of electrons around each Al atom, the shape about each 
Al atom is approximately tetrahedral, and the Al2Cl6 molecule is non-
planar.

There are van der Waals’ forces between the Al2Cl6 molecules, and 
as these are relatively weak, little energy is required to break them. This 
means that Al2Cl6 has a low melting point and boiling point. Because only 
Al2Cl6 molecules (and no ions) are present in liquid aluminium chloride it 
does not conduct electricity.

SiCl4 and PCl3 are covalent molecular liquids. They consist of 
individual SiCl4 or PCl3 molecules. SiCl4 is tetrahedral, whereas PCl3 has 
a trigonal pyramidal (based on tetrahedral) shape (see Figure 4.22).

In both cases there are van der Waals’ forces between the molecules and, 
as little energy is required to break these, they have low melting points 
and boiling points – both are liquids at room temperature. As there are no 
ions present in liquid silicon chloride or liquid phosphorus(III) chloride, 
but only SiCl4 or PCl3 molecules, neither substance conducts electricity.

The bonding in PCl5 is a little more complex, as it actually consists 
of octahedral [PCl6]− and tetrahedral [PCl4]+ ions in the solid state. This 
ionic bonding leads to PCl5 being a solid at room temperature (although 
the electrostatic forces between these large ions are not very strong and 
the melting point of PCl5 is only 167 °C). When PCl5 melts it forms a 
covalent molecular liquid containing trigonal bipyramidal molecules. 
The forces between these molecules are van der Waals’ forces. As PCl5 
has a higher relative molecular mass than PCl3, the van der Waals’ forces 
between molecules would be expected to be stronger between the PCl5 
molecules, leading to PCl5 having a higher boiling point than PCl3.

Only PCl5 molecules are present in the liquid state, and therefore, as no 
ions are present, liquid PCl5 does not conduct electricity.

Cl2 is a covalent molecular gas consisting of diatomic molecules. There 
are only weak van der Waals’ forces between the molecules in liquid 
chlorine and, as Cl2 has a relatively low relative molecular mass, these are 
weak enough to be broken at temperatures below room temperature. This 
means that Cl2 is a gas at room temperature. There are no ions present in 
liquid chlorine, and so it does not conduct electricity.

GZVXi^dch�d[�eZg^dY�(�X]adg^YZh�l^i]�lViZg
Table 4.7 summarises the reactions of period 3 chlorides with water.
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With four pairs of electrons around each Al atom, the shape about each 
Al atom is approximately tetrahedral, and the Al2Cl6 molecule is non-
planar.

There are van der Waals’ forces between the Al2Cl6 molecules, and 
as these are relatively weak, little energy is required to break them. This 
means that Al2Cl6 has a low melting point and boiling point. Because only 
Al2Cl6 molecules (and no ions) are present in liquid aluminium chloride it 
does not conduct electricity.

SiCl4 and PCl3 are covalent molecular liquids. They consist of 
individual SiCl4 or PCl3 molecules. SiCl4 is tetrahedral, whereas PCl3 has 
a trigonal pyramidal (based on tetrahedral) shape (see Figure 4.22).

In both cases there are van der Waals’ forces between the molecules and, 
as little energy is required to break these, they have low melting points 
and boiling points – both are liquids at room temperature. As there are no 
ions present in liquid silicon chloride or liquid phosphorus(III) chloride, 
but only SiCl4 or PCl3 molecules, neither substance conducts electricity.

The bonding in PCl5 is a little more complex, as it actually consists 
of octahedral [PCl6]− and tetrahedral [PCl4]+ ions in the solid state. This 
ionic bonding leads to PCl5 being a solid at room temperature (although 
the electrostatic forces between these large ions are not very strong and 
the melting point of PCl5 is only 167 °C). When PCl5 melts it forms a 
covalent molecular liquid containing trigonal bipyramidal molecules. 
The forces between these molecules are van der Waals’ forces. As PCl5 
has a higher relative molecular mass than PCl3, the van der Waals’ forces 
between molecules would be expected to be stronger between the PCl5 
molecules, leading to PCl5 having a higher boiling point than PCl3.

Only PCl5 molecules are present in the liquid state, and therefore, as no 
ions are present, liquid PCl5 does not conduct electricity.

Cl2 is a covalent molecular gas consisting of diatomic molecules. There 
are only weak van der Waals’ forces between the molecules in liquid 
chlorine and, as Cl2 has a relatively low relative molecular mass, these are 
weak enough to be broken at temperatures below room temperature. This 
means that Cl2 is a gas at room temperature. There are no ions present in 
liquid chlorine, and so it does not conduct electricity.
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With four pairs of electrons around each Al atom, the shape about each 
Al atom is approximately tetrahedral, and the Al2Cl6 molecule is non-
planar.

There are van der Waals’ forces between the Al2Cl6 molecules, and 
as these are relatively weak, little energy is required to break them. This 
means that Al2Cl6 has a low melting point and boiling point. Because only 
Al2Cl6 molecules (and no ions) are present in liquid aluminium chloride it 
does not conduct electricity.

SiCl4 and PCl3 are covalent molecular liquids. They consist of 
individual SiCl4 or PCl3 molecules. SiCl4 is tetrahedral, whereas PCl3 has 
a trigonal pyramidal (based on tetrahedral) shape (see Figure 4.22).

In both cases there are van der Waals’ forces between the molecules and, 
as little energy is required to break these, they have low melting points 
and boiling points – both are liquids at room temperature. As there are no 
ions present in liquid silicon chloride or liquid phosphorus(III) chloride, 
but only SiCl4 or PCl3 molecules, neither substance conducts electricity.

The bonding in PCl5 is a little more complex, as it actually consists 
of octahedral [PCl6]− and tetrahedral [PCl4]+ ions in the solid state. This 
ionic bonding leads to PCl5 being a solid at room temperature (although 
the electrostatic forces between these large ions are not very strong and 
the melting point of PCl5 is only 167 °C). When PCl5 melts it forms a 
covalent molecular liquid containing trigonal bipyramidal molecules. 
The forces between these molecules are van der Waals’ forces. As PCl5 
has a higher relative molecular mass than PCl3, the van der Waals’ forces 
between molecules would be expected to be stronger between the PCl5 
molecules, leading to PCl5 having a higher boiling point than PCl3.

Only PCl5 molecules are present in the liquid state, and therefore, as no 
ions are present, liquid PCl5 does not conduct electricity.

Cl2 is a covalent molecular gas consisting of diatomic molecules. There 
are only weak van der Waals’ forces between the molecules in liquid 
chlorine and, as Cl2 has a relatively low relative molecular mass, these are 
weak enough to be broken at temperatures below room temperature. This 
means that Cl2 is a gas at room temperature. There are no ions present in 
liquid chlorine, and so it does not conduct electricity.
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With four pairs of electrons around each Al atom, the shape about each 
Al atom is approximately tetrahedral, and the Al2Cl6 molecule is non-
planar.

There are van der Waals’ forces between the Al2Cl6 molecules, and 
as these are relatively weak, little energy is required to break them. This 
means that Al2Cl6 has a low melting point and boiling point. Because only 
Al2Cl6 molecules (and no ions) are present in liquid aluminium chloride it 
does not conduct electricity.

SiCl4 and PCl3 are covalent molecular liquids. They consist of 
individual SiCl4 or PCl3 molecules. SiCl4 is tetrahedral, whereas PCl3 has 
a trigonal pyramidal (based on tetrahedral) shape (see Figure 4.22).
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as little energy is required to break these, they have low melting points 
and boiling points – both are liquids at room temperature. As there are no 
ions present in liquid silicon chloride or liquid phosphorus(III) chloride, 
but only SiCl4 or PCl3 molecules, neither substance conducts electricity.
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of octahedral [PCl6]− and tetrahedral [PCl4]+ ions in the solid state. This 
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has a higher relative molecular mass than PCl3, the van der Waals’ forces 
between molecules would be expected to be stronger between the PCl5 
molecules, leading to PCl5 having a higher boiling point than PCl3.

Only PCl5 molecules are present in the liquid state, and therefore, as no 
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Cl2 is a covalent molecular gas consisting of diatomic molecules. There 
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chlorine and, as Cl2 has a relatively low relative molecular mass, these are 
weak enough to be broken at temperatures below room temperature. This 
means that Cl2 is a gas at room temperature. There are no ions present in 
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Table 4.6 shows some data for some of the chlorides of period 3 elements.
Sodium and magnesium chloride are both high-melting-point ionic 
solids. They consist of a giant lattice of positive and negative ions (Figure 
4.21). The oppositely charged ions attract each with strong electrostatic 
forces, and therefore a lot of energy is required to separate the ions. The 
bonding in these compounds is considered on pages 84–90.

When NaCl or MgCl2 are melted, the ions become free to move 
around, and so the molten salts conduct electricity.
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The bonding in aluminium chloride is complicated, and it undergoes 
a change in structure and bonding as it changes state. For simplicity, we 
will assume that the bonding is covalent molecular in all states. The Lewis 
structure for AlCl3 shows that the Al only has six electrons in its outer shell. ;^\jgZ�)#'&� I]Z�^dc^X�aVii^XZ�^c�hdY^jb�

X]adg^YZ#

:miZch^dc

* Actually bonding in the solid state is more ionic with six coordinate Al 
present. Covalent molecular (Al2Cl6) is present in liquid and gaseous states.

** PCl5 exists as [PCl6]−[PCl4]+ in the solid state but is covalent 
molecular in the liquid state.
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In order to generate an octet, two AlCl3 molecules come together to 
form a dimer. A dative covalent bond is formed from a lone pair on a Cl 
atom on one AlCl3 unit to an Al on the other AlCl3 unit.

AZVgc^c\�dW_ZXi^kZh

r� Relate trends in the properties 
of the chlorides of period 3 
elements to their structure and 
bonding

r� Describe the reactions of period 
3 chlorides with water

FORMATION OF PERIOD 3 CHLORIDES

When sodium metal is heated with chlorine gas there is a vigorous 

reaction and a yellow flame is seen: 

2Na(s)   +   Cl2(g)   ⟶   2NaCl(s) 

Magnesium and aluminium also react vigorously with chlorine gas: 

Mg(s)   +   Cl2(g)   ⟶   MgCl2(s) 

2Al(s)   +   3Cl2(g)   ⟶   Al2Cl6(s)

 18
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FORMATION OF PERIOD 3 CHLORIDES

Silicon reacts slowly with chlorine giving silicon(IV) chloride:  

Si(s)   +   2Cl2(g)   ⟶   SiCl4(l) 

Phosphorus also reacts slowly with excess chlorine gas:  

P4(s)   +   10Cl2(g)   ⟶   4PCl5(l)

 19

PERIOD 3 CHLORIDES WITH WATER

 20

&+'

With four pairs of electrons around each Al atom, the shape about each 
Al atom is approximately tetrahedral, and the Al2Cl6 molecule is non-
planar.

There are van der Waals’ forces between the Al2Cl6 molecules, and 
as these are relatively weak, little energy is required to break them. This 
means that Al2Cl6 has a low melting point and boiling point. Because only 
Al2Cl6 molecules (and no ions) are present in liquid aluminium chloride it 
does not conduct electricity.

SiCl4 and PCl3 are covalent molecular liquids. They consist of 
individual SiCl4 or PCl3 molecules. SiCl4 is tetrahedral, whereas PCl3 has 
a trigonal pyramidal (based on tetrahedral) shape (see Figure 4.22).

In both cases there are van der Waals’ forces between the molecules and, 
as little energy is required to break these, they have low melting points 
and boiling points – both are liquids at room temperature. As there are no 
ions present in liquid silicon chloride or liquid phosphorus(III) chloride, 
but only SiCl4 or PCl3 molecules, neither substance conducts electricity.

The bonding in PCl5 is a little more complex, as it actually consists 
of octahedral [PCl6]− and tetrahedral [PCl4]+ ions in the solid state. This 
ionic bonding leads to PCl5 being a solid at room temperature (although 
the electrostatic forces between these large ions are not very strong and 
the melting point of PCl5 is only 167 °C). When PCl5 melts it forms a 
covalent molecular liquid containing trigonal bipyramidal molecules. 
The forces between these molecules are van der Waals’ forces. As PCl5 
has a higher relative molecular mass than PCl3, the van der Waals’ forces 
between molecules would be expected to be stronger between the PCl5 
molecules, leading to PCl5 having a higher boiling point than PCl3.

Only PCl5 molecules are present in the liquid state, and therefore, as no 
ions are present, liquid PCl5 does not conduct electricity.

Cl2 is a covalent molecular gas consisting of diatomic molecules. There 
are only weak van der Waals’ forces between the molecules in liquid 
chlorine and, as Cl2 has a relatively low relative molecular mass, these are 
weak enough to be broken at temperatures below room temperature. This 
means that Cl2 is a gas at room temperature. There are no ions present in 
liquid chlorine, and so it does not conduct electricity.

GZVXi^dch�d[�eZg^dY�(�X]adg^YZh�l^i]�lViZg
Table 4.7 summarises the reactions of period 3 chlorides with water.
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PERIOD 3 CHLORIDES WITH WATER

The ionic chlorides of sodium and magnesium do not react with water; 

they just dissolve.  

On adding Al2Cl6 to water, it breaks down forming Al3+ and Cl— ions.  

Al3+ is small and is highly charged (high charge density), causing the 

water molecules bonded to it to lose one H+ ion, making the resulting  

solution acidic. 

[Al(H2O)6]3+(aq)   ⟶   [Al(H2O)5OH]2+(aq)   +   H+(aq)

 21

PERIOD 3 CHLORIDES WITH WATER

The liquid chlorides, SiCl4 and PCl5, are hydrolysed in water, releasing 

white fumes of hydrogen chloride gas in a rapid reaction 

SiCl4 (l)   +   2H2O(l)   ⟶   SiO2 (s)   +   4HCl(g) 

The SiO2 is a white/off-white precipitate. Some of the HCl dissolves in 

the water, giving an acidic solution. 

PCl5 (l)   +   4H2O(l)   ⟶   H3PO4(aq)   +   5HCl(g) 

Both H3PO4 and HCl are soluble in water and are highly acidic

 22
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15 A powder is known to be either a single sodium halide or a mixture of two sodium halides. A 

sample of the powder was dissolved in water. Aqueous silver nitrate was added, and a pale 

yellow precipitate was formed. When concentrated aqueous ammonia was added, the precipitate 

partly dissolved leaving a darker yellow precipitate. 

 

What might the powder have consisted of? 

A sodium bromide only 

B sodium iodide only 

C a mixture of sodium chloride and sodium bromide 

D a mixture of sodium chloride and sodium iodide 

 

 

16 X is a mixture of two compounds of Group II elements. 

 

X can undergo thermal decomposition to produce a white solid and only two gaseous products. 

One of the gaseous products relights a glowing splint. 

 

What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

C Mg(NO3)2 and Ca(NO3)2 

D MgO and CaSO4 

 

 

17 An element Y reacts according to the following sequence. 

 

Y white solid solution solutionwhite precipitate

burns
in O2 HCl (aq) NaOH(aq)

an excess of
NaOH(aq)

 

 

What could be element Y? 

A Al B Ca C Mg D P 

 

 

18 One molecule of the oxide of element Z reacts with six molecules of water to produce an acidic 

compound. 

 

What is element Z? 

A aluminium 

B phosphorus 

C sodium 

D sulfur 
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18 Total removal of the pollutant sulfur dioxide, SO2, is difficult. The quantities emitted from furnace 

chimneys can be lowered by using desulfurisation plants. The gases are reacted with calcium 

hydroxide to remove the SO2. 

 

What is the main product formed initially? 

A Ca(HSO4 )2 B CaS C CaSO3 D CaSO4  

 

 

19 Which oxide does not react with cold dilute sodium hydroxide to produce a salt? 

A Al 2O3 B P4 O10 C SO2 D SiO2 

 

 

20 Which row correctly describes the reaction between propene and bromine, Br2(l)? 

 

 reaction mechanism organic product 

A electrophilic addition CH3CHBrCH2Br 

B electrophilic addition CH3CH2CH2Br 

C nucleophilic substitution CH3CH2CH2Br 

D nucleophilic substitution CH3CHBrCH2Br 

 

 

21 Use of the Data Booklet is relevant to this question. 

 

Which compound has an Mr of 84 and will react with HBr to give a product with an Mr of 164.9? 

 

A B C D

O

 

 

 

22 1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal. 

 

CH3 CH2 CHCl 2 CH3 CH2 CHO
NaOH(aq)

 

 

Which term describes the first step of this reaction? 

A addition 

B elimination 

C oxidation 

D substitution 
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15 A powder is known to be either a single sodium halide or a mixture of two sodium halides. A 

sample of the powder was dissolved in water. Aqueous silver nitrate was added, and a pale 

yellow precipitate was formed. When concentrated aqueous ammonia was added, the precipitate 

partly dissolved leaving a darker yellow precipitate. 

 

What might the powder have consisted of? 

A sodium bromide only 

B sodium iodide only 

C a mixture of sodium chloride and sodium bromide 

D a mixture of sodium chloride and sodium iodide 

 

 

16 X is a mixture of two compounds of Group II elements. 

 

X can undergo thermal decomposition to produce a white solid and only two gaseous products. 

One of the gaseous products relights a glowing splint. 

 

What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

C Mg(NO3)2 and Ca(NO3)2 

D MgO and CaSO4 

 

 

17 An element Y reacts according to the following sequence. 

 

Y white solid solution solutionwhite precipitate

burns
in O2 HCl (aq) NaOH(aq)

an excess of
NaOH(aq)

 

 

What could be element Y? 

A Al B Ca C Mg D P 

 

 

18 One molecule of the oxide of element Z reacts with six molecules of water to produce an acidic 

compound. 

 

What is element Z? 

A aluminium 

B phosphorus 

C sodium 

D sulfur 
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12 What is the ionic equation for the reaction between aqueous sodium carbonate and dilute nitric 

acid? 

A 2HNO3(aq)  +  CO3

2–

(aq)  →  H2O(l)  +  CO2(g)  +  2NO3

–

(aq) 

B 2H
+

(aq)  +  CO3

2–

(aq)  →  CO2(g)  +  H2O(l) 

C 2HNO3(aq)  +  Na2CO3(aq)  →  2NaNO3(aq)  +  CO2(g)  +  H2O(l) 

D 2HNO2(aq)  +  CO3

2–

(aq)  →  H2O(l)  +  CO2(g)  +  2NO2

–

(aq) 

 

 

13 Pieces of calcium and magnesium are reacted separately with cold water. 

 

Pieces of calcium and magnesium are also burned separately with oxygen. 

 

Which row correctly describes the observations from these reactions? 

 

 
calcium 

with cold water 

magnesium 

with cold water 

calcium 

with oxygen 

magnesium 

with oxygen 

A rapid bubbling slow bubbling red flame white flame 

B rapid bubbling slow bubbling white flame red flame 

C slow bubbling rapid bubbling red flame white flame 

D slow bubbling rapid bubbling white flame red flame 

 

 

14 X, Y and Z are compounds of three elements in Period 3. Their electrical conductivities are 

shown in the table. 

 

 X Y Z 

conductivity of the compound 

in the molten state 
good 

does not 

conduct 

does not 

conduct 

conductivity of the mixture obtained 

by adding the compound to water 
good good 

does not 

conduct 

 

What could be compounds X, Y and Z? 

 

 X Y Z 

A Al 2O3 SiCl 4 NaF 

B NaF Al 2O3 SiCl 4 

C NaF SiCl 4 SiO2 

D SiCl 4 Al 2O3 SiO2 

 

 

 

4  
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7  Copper and iodine are both shiny crystalline solids. 

 

Which forces exist between particles in solid copper and between neighbouring iodine molecules 

in solid iodine? 

 

 copper iodine 

A ionic bonds covalent bonds 

B ionic bonds van der Waals’ forces 

C metallic bonds covalent bonds 

D metallic bonds van der Waals’ forces 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

Ferrochrome is an alloy of iron and chromium. Ferrochrome can be dissolved in dilute sulfuric 

acid to produce a mixture of FeSO4 and Cr2(SO4)3. The FeSO4 reacts with K2Cr2O7 in acid 

solution according to the following equation. 

 

14H
+

  +  6Fe
2+

  +  Cr2O7

2–

  →  2Cr
3+

  +  6Fe
3+

  +  7H2O 

 

When 1.00 g of ferrochrome is dissolved in dilute sulfuric acid, and the resulting solution titrated, 

13.1 cm
3

 of 0.100 mol dm
–3

 K2Cr2O7 is required for complete reaction. 

 

What is the percentage by mass of Fe in the sample of ferrochrome? 

A 1.22 B 4.39 C 12.2 D 43.9 

 

 

9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated glass tube of volume 200 cm
3

 is filled with a gas at 300 K and 101 kPa, the 

mass of the tube increases by 1.06 g. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D xenon 
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19 A student examines two semi-precious stones; one is agate, SiO2, and the other is calcite, 

CaCO3. 

 

How could they be distinguished? 

A Add a fixed amount of cold aqueous sodium hydroxide to each separately and measure any 

temperature change. 

B Heat each separately over a gentle Bunsen flame and note which one melts first. 

C Shake each separately with dilute hydrochloric acid and test any gas formed. 

D Shake each separately with distilled water and add a few drops of Universal Indicator. 

 

 

20 In this question, structural isomerism and stereoisomerism should be considered. 

 

How many isomeric aldehydes have the formula C5H10O? 

A 3 B 4 C 5 D 6 

 

 

21 Aldehydes and ketones are carbonyl compounds. 

 

Which of them react with both LiAl H4 and Tollens’ reagent? 

A aldehydes only 

B both aldehydes and ketones 

C ketones only 

D neither aldehydes nor ketones 

 

 

22 Pentaerythritol is used as an intermediate in the manufacture of paint. 

 

CH2OH

C

pentaerythritol

CH2OH

HOCH2

HOCH2

 

 

Which statement about pentaerythritol is correct? 

A It can be dehydrated by concentrated sulfuric acid to form an alkene. 

B Its empirical formula and its molecular formula are different. 

C It does not react with acidified potassium manganate(VII). 

D One mole of it gives two moles of hydrogen gas on reaction with an excess of sodium. 
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16 Chlorine is widely used in water treatment plants. 

 

Which reaction takes place when chlorine dissolves in water? 

A Cl 2  +  H2O  →  HCl  +  HCl O 

B 2Cl 2  +  2H2O  →  3HCl  +  HCl O2 

C 3Cl 2  +  3H2O  →  5HCl  +  HCl O3 

D 4Cl 2  +  4H2O  →  7HCl  +  HCl O4 

 

 

17 Astatine, At, is below iodine in Group VII of the Periodic Table. 

 

Which statement is most likely to be correct? 

A AgAt(s) reacts with excess dilute aqueous ammonia to form a solution of a soluble complex. 

B Astatine and KCl (aq) react to form KAt(aq) and chlorine. 

C KAt(aq) and dilute sulfuric acid react to form white fumes of HAt(g). 

D NaAt(s) and concentrated sulfuric acid react to form astatine. 

 

 

18 Mohr’s salt is a pale green crystalline solid which is soluble in water. It contains two cations, one 

of which is Fe
2+

, and one anion which is SO4

2–

. 

 

The identity of the second cation was determined by heating Mohr’s salt with aqueous sodium 

hydroxide. A colourless gas was evolved which readily dissolved in water giving an alkaline 

solution.  

 

A green precipitate was also formed. 

 

What are the identities of the gas and the precipitate? 

 

 gas precipitate 

A NH3 Fe(OH)2 

B NH3 Na2SO4 

C SO2 Fe(OH)2 

D SO2 Na2SO4 

 

 

19 Use of the Data Booklet is relevant to this question. 

 

Which mass of solid residue will be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 

 

 

 

3 
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4 In oxygen difluoride, OF2, fluorine has an oxidation number of –1. OF2 will react with sulfur 

dioxide according to the following equation. 

 

OF2  +  SO2  →  SO3  +  F2 

 

What is oxidised and what is reduced in this reaction? 

 

 fluorine 
oxygen 

in OF2 
sulfur 

A oxidised oxidised reduced 

B oxidised reduced oxidised 

C reduced oxidised reduced 

D reduced reduced oxidised 

 

 

5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7.0 × 10
–3 m3

 at a temperature of 

30 °C. 

 

Assume the gas behaves as an ideal gas. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

6 One mole of phosphorus(V) chloride, PCl 5, is heated to 600 K in a sealed flask of volume 1 dm
3

. 

Equilibrium is established and measurements are taken. 

 

PCl 5(g)    PCl 3(g)  +  Cl 2(g) 

 

The experiment is repeated with one mole of phosphorus(V) chloride heated to 600 K in a sealed 

flask of volume 2 dm
3

. 

 

How will the measurements vary? 

A The equilibrium concentrations of PCl 3(g) and Cl 2(g) are higher in the second experiment. 

B The equilibrium concentration of PCl 5(g) is lower in the second experiment. 

C The equilibrium concentrations of all three gases are the same in both experiments. 

D The value of the equilibrium constant is higher in the second experiment. 
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14 The compound (CH3)3NAl Cl 3 has a simple molecular structure. 

 

Which statement about (CH3)3NAl Cl 3 is correct? 

A (CH3)3NAl  Cl 3 molecules attract each other by hydrogen bonds. 

B The Al atom has an incomplete valance shell of electrons. 

C The bonds around the Al atom are planar. 

D The molecules contain coordinate and covalent bonding 

 

 

15 The labels had become detached from four bottles in the laboratory. A student realised that the 

contents of one of them could easily be identified, because on addition of water it would not give 

fumes of hydrogen chloride. 

 

Which did not give the HCl fumes? 

A Al 2Cl 6 B MgCl 2 C PCl 5 D SiCl 4 
 

 

16 Transition elements and their compounds are widely used as catalysts. 

 

What is the identity and what is the oxidation number of the element present in the catalyst used 

in the Contact process? 

 

 element oxidation number 

A iron 0 

B iron +3 

C vanadium 0 

D vanadium +5 

 

 

17 This question refers to isolated gaseous species. 

 

The species F
–

, Ne and Na
+

 are isoelectronic. This means they have the same number of 

electrons. 

 

In which order do their radii increase? 

 

 smallest  largest 

A Na
+

 F
–

 Ne 

B F
–

 Ne Na
+

 

C Na
+

 Ne F
–

 

D Ne F
–

 Na
+
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10  Use of the Data Booklet is relevant to this question. 

 

1.00 g of a metallic element reacts completely with 300 cm
3

 of oxygen at 298 K and 1 atm 

pressure to form an oxide which contains O
2–

 ions. 

 

The volume of one mole of gas at this temperature and pressure is 24.0 dm
3

. 

 

What could be the identity of the metal? 

A calcium 

B magnesium 

C potassium 

D sodium 

 

 

11 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

When an evacuated tube of volume 400 cm
3

 is filled with gas at 300 K and 101 kPa, the mass of 

the tube increases by 0.65 g. 

 

Assume the gas behaves as an ideal gas. 

 

What could be the identity of the gas? 

A argon 

B helium 

C krypton 

D neon 

 

 

12  Which oxide will produce the solution with the highest pH when it is mixed with water? 

A Al 2O3 B CO2 C Na2O D SO2 

 

 

13  Barium is a more reactive metal than aluminium. 

 

Which method could be suitable for the extraction of barium? 

A electrolysing aqueous barium chloride 

B electrolysing molten barium chloride 

C reducing barium oxide with aluminium 

D reducing barium oxide with carbon 
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3 A student performed an experiment to measure the enthalpy change of combustion of ethane. 

 

He used the following values for the standard enthalpy changes of combustion of carbon and 

hydrogen. 

 

 carbon = –394 kJ mol
–1

 

 hydrogen = –286 kJ mol
–1

 

 

He calculated the enthalpy change of formation of ethane to be –140 kJ mol
–1

. 

 

What was his experimental value for the standard enthalpy change of combustion of ethane? 

A –2364 kJ mol
–1

 

B –1506 kJ mol
–1

 

C –1112 kJ mol
–1

 

D –540 kJ mol
–1

 

 

 

4 Which pair has species with different shapes? 

A BeCl 2 and CO2 

B CH4 and NH4

+

 

C NH3 and BF3 

D SCl 2 and H2O 

 

 

5 In which reaction does an element have the largest change in oxidation number? 

A Cr2O7

2–

  +  6Fe
2+

  +  14H
+

  →  2Cr
3+

  +  6Fe
3+

  +  7H2O 

B 3OCl –  →  Cl O3

–

  +  2Cl – 

C 5Fe
2+

  +  MnO4

–

  +  8H
+

  →  5Fe
3+

  +  Mn
2+

  +  4H2O 

D PbO2  +  Sn
2+

  +  4H
+

  →  Sn
4+

  +  Pb
2+

  +  2H2O 

 

 

6 Which statement can be explained by intermolecular hydrogen bonding? 

A Ethanol has a higher boiling point than propane. 

B Hydrogen chloride has a higher boiling point than silane, SiH4. 

C Hydrogen iodide forms an acidic solution when dissolved in water. 

D Propanone has a higher boiling point than propane. 
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15 Use of the Data Booklet is relevant to this question. 

 

Which diagram correctly shows the electronegativity of the elements Na, Mg, Al and Si plotted 

against their first ionisation energies? 

 

first ionisation energy

electronegativity

Si

Na

Al

Mg

A

first ionisation energy

electronegativity

Si

Na

Al

Mg

B

first ionisation energy

electronegativity

Si

Na

Al

Mg

C

first ionisation energy

electronegativity

Si

Na

Al

Mg

D
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15 The melting points of the Period 3 elements sodium to aluminium are shown in the table. 

 

element Na Mg Al 

mp / K 371 923 932 

 

Which factor explains the increase in melting points from sodium to aluminium? 

A the changes in first ionisation energy from sodium to aluminium 

B the increase in electronegativity from sodium to aluminium 

C the increase in the Ar of the elements from sodium to aluminium 

D the increase in the number of outer electrons in each atom from sodium to aluminium 

 

 

16 X is the oxide of a Period 3 element. X reacts with water to give an acidic solution. 

 

A solution is prepared by reacting 0.100 g of X with excess water. This solution was neutralised 

by exactly 25.0 cm
3

 of 0.100 mol dm
–3

 sodium hydroxide solution. 

 

What could be the identity of X? 

A Al 2O3 B MgO C P4O10 D SO3 

 

 

17 Which statement about bromine is correct? 

A Bromine is insoluble in non-polar solvents. 

B Bromine vapour is more dense than air. 

C Bromine will not vaporise significantly under normal conditions. 

D Gaseous bromine is purple. 

 

 

18 The addition of aqueous silver nitrate to aqueous barium chloride produces a white precipitate 

which dissolves in excess dilute aqueous ammonia to form a colourless solution. 

 

The addition of excess dilute nitric acid to the colourless solution produces a white precipitate, Z. 

 

What is Z? 

A AgCl B BaCl 2 C Ba(NO3)2 D NH4NO3 
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15 The melting points of the Period 3 elements sodium to aluminium are shown in the table. 

 

element Na Mg Al 

mp / K 371 923 932 

 

Which factor explains the increase in melting points from sodium to aluminium? 

A the changes in first ionisation energy from sodium to aluminium 

B the increase in electronegativity from sodium to aluminium 

C the increase in the Ar of the elements from sodium to aluminium 

D the increase in the number of outer electrons in each atom from sodium to aluminium 

 

 

16 X is the oxide of a Period 3 element. X reacts with water to give an acidic solution. 

 

A solution is prepared by reacting 0.100 g of X with excess water. This solution was neutralised 

by exactly 25.0 cm
3

 of 0.100 mol dm
–3

 sodium hydroxide solution. 

 

What could be the identity of X? 

A Al 2O3 B MgO C P4O10 D SO3 

 

 

17 Which statement about bromine is correct? 

A Bromine is insoluble in non-polar solvents. 

B Bromine vapour is more dense than air. 

C Bromine will not vaporise significantly under normal conditions. 

D Gaseous bromine is purple. 

 

 

18 The addition of aqueous silver nitrate to aqueous barium chloride produces a white precipitate 

which dissolves in excess dilute aqueous ammonia to form a colourless solution. 

 

The addition of excess dilute nitric acid to the colourless solution produces a white precipitate, Z. 

 

What is Z? 

A AgCl B BaCl 2 C Ba(NO3)2 D NH4NO3 
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11 Ammonia is made by the Haber process. The reactants are nitrogen and hydrogen. 

 

 N2(g)  +  3H2(g)    2NH3(g) ∆H –ve 

 

What will increase the rate of the forward reaction? 

A adding argon to the mixture but keeping the total volume constant 

B decreasing the temperature 

C increasing the total pressure by reducing the total volume at constant temperature 

D removing ammonia as it is made but keeping the total volume of the mixture the same 

 

 

12 X is a Group II metal. The carbonate of X decomposes when heated in a Bunsen flame to give 

carbon dioxide and a white solid residue as the only products. This white solid residue is 

sparingly soluble in water. Even when large amounts of the solid residue are added to water the 

pH of the saturated solution is less than that of limewater. 

 

What could be the identity of X? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

13 Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

14 Use of the Data Booklet is relevant to this question. 

 

Which of the elements sodium, magnesium, aluminium, silicon, phosphorus, sulfur and chlorine 

 

• has a lower first ionisation energy than the preceding element in the Periodic Table, 

• conducts electricity and 

• has a lower atomic radius than the preceding element in the Periodic Table? 

A aluminium 

B magnesium 

C phosphorus 

D sulfur 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct.  

 

 

1 Which type of bonding is never found in elements? 

A covalent 

B ionic 

C metallic 

D van der Waals’ forces 

 

 

2 Arsenic chloride, AsCl 3, reacts with sodium borohydride, NaBH4. 

 

pAsCl 3  +  qNaBH4  →  rAsH3  +  sNaCl  +  tBCl 3 
 

What are the numbers p, q, r, s and t when this equation is balanced correctly? 

 

 p q r s t 

A 2 3 2 3 1 

B 3 3 3 3 2 

C 4 3 4 3 3 

D 4 4 4 4 3 

 

 

3 Three substances have the physical properties shown in the table. 

 

substance
melting point 

/ °C 

boiling point 
/ °C 

conductivity 

(solid) 

conductivity 

(liquid) 

conductivity 

(aqueous) 

U 420 907 good good insoluble 

V 993 1695 poor good good 

W –70 58 poor poor hydrolyses, resulting 

solution conducts well 

 

What could be the identities of U, V and W? 

 

 U V W 

A Na KCl SiCl 4 

B Na NaF C2H5Br 

C Zn KCl HCl 

D Zn NaF SiCl 4 
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12 Consecutive elements X, Y and Z are in Period 3 of the Periodic Table. Element Y has the 
highest first ionisation energy and the lowest melting point of these three elements. 

 
What are the identities of X, Y and Z? 

A sodium, magnesium, aluminium 

B magnesium, aluminium, silicon 

C aluminium, silicon, phosphorus 

D silicon, phosphorus, sulfur 
 
 
13 When dealing with a spillage of metallic sodium it is important that no toxic or flammable products 

are formed. 
 

Which material should be used if there is a spillage of metallic sodium? 

A dilute hydrochloric acid 

B ethanol 

C sand 

D water spray 
 
 
14 Chlorine gas is widely used to treat contaminated water. 
 

Which species present in water when chlorine gas has been added is responsible for killing 
bacteria? 

A Cl O2
– B Cl – C HCl D OCl – 

 
 
15 Which row of the table is correct? 
 

 
shape bonds present 

ammonia 
molecule 

ammonium 
ion 

ammonia 
molecule 

ammonium 
ion 

A pyramidal regular tetrahedral σ σ 

B pyramidal regular tetrahedral σ π 

C regular tetrahedral pyramidal σ σ 

D regular tetrahedral pyramidal π σ 
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13  Use of the Data Booklet is relevant to this question. 

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The metal oxides and nitrogen are the only products. 

 

Which volume of nitrogen, measured under room conditions, is produced when 0.783 g of 

anhydrous barium nitrate reacts with an excess of aluminium? 

A 46.8 cm
3

 B 72.0 cm
3

 C 93.6 cm
3

 D 144 cm
3

 

 

 

14 Which chloride of a Period 3 element dissolves in water to form a solution with a pH of 7? 

A aluminium chloride 

B phosphorus(V) chloride 

C silicon(IV) chloride 

D sodium chloride 

 

 

15  Use of the Data Booklet is relevant to this question. 

 

Which row correctly compares the electrical conductivity and first ionisation energy of magnesium 

and aluminium? 

 

 
higher electrical 

conductivity 

higher first 

ionisation energy 

A aluminium aluminium 

B aluminium  magnesium 

C magnesium aluminium 

D magnesium magnesium 
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13  Use of the Data Booklet is relevant to this question. 

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The metal oxides and nitrogen are the only products. 

 

Which volume of nitrogen, measured under room conditions, is produced when 0.783 g of 

anhydrous barium nitrate reacts with an excess of aluminium? 

A 46.8 cm
3

 B 72.0 cm
3

 C 93.6 cm
3

 D 144 cm
3

 

 

 

14 Which chloride of a Period 3 element dissolves in water to form a solution with a pH of 7? 

A aluminium chloride 

B phosphorus(V) chloride 

C silicon(IV) chloride 

D sodium chloride 

 

 

15  Use of the Data Booklet is relevant to this question. 

 

Which row correctly compares the electrical conductivity and first ionisation energy of magnesium 

and aluminium? 

 

 
higher electrical 

conductivity 

higher first 

ionisation energy 

A aluminium aluminium 

B aluminium  magnesium 

C magnesium aluminium 

D magnesium magnesium 
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4 When nuclear reactions take place, the elements produced are different from the elements that 

reacted. Nuclear equations, such as the one below, are used to represent the changes that 

occur. 

 

U
235

92
  +  n

1

0
  →  Ba

144

56
  +  Kr

89

36
  +  3 n

1

0
 

 

The nucleon (mass) number total is constant at 236 and the proton number total is constant  

at 92. 

 

 In another nuclear reaction, uranium-238 is reacted with deuterium atoms, H. 

2

1
 An isotope of a 

new element, J, is formed as well as two neutrons. 

 

U
238

92
  +  H

2

1
  →  J  +  2 n

1

0
 

 

What is isotope J? 

A 
238

Np B 
238

Pu C 
240

Np D 
240

Pu 

 

 

5 Dicarbon monoxide, C2O, is found in dust clouds in space. The structure of this molecule is 

C=C=O. The molecule contains no unpaired electrons. 

 

How many lone pairs of electrons are present in a molecule of C2O? 

A 1 B 2 C 3 D 4 

 

 

6 A white powder is known to be a mixture of magnesium oxide and aluminium oxide. 

 

100 cm
3

 of 2 mol dm
–3

 NaOH(aq) is just sufficient to cause the aluminium oxide in x grams of the 

mixture to dissolve. 

 

The reaction occurring is Al 2O3  +  2OH
–

  +  3H2O  →  2Al (OH)4

–

. 

 

800 cm
3

 of 2 mol dm
–3

 HCl (aq) is just sufficient to cause all of the oxide in x grams of the mixture 

to dissolve. 

 

The reactions occurring are  Al 2O3  +  6H
+

  →  2Al 3+

  +  3H2O 

and MgO  +  2H
+

  →  Mg
2+

  +  H2O. 

 

How many moles of each oxide are present in x grams of the mixture? 

 

 
aluminium 

oxide 

magnesium 

oxide 

A 0.05 0.25 

B 0.05 0.50 

C 0.10 0.25 

D 0.10 0.50 
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11 Enzymes are biological catalysts. Many enzymes show specificity. An example of an enzyme 

which shows specificity is glucokinase. Glucokinase is involved in the metabolism of glucose. 

 

What does specificity mean in this context? 

A Glucokinase is most effective as a catalyst over a narrow pH range. 

B Glucokinase is most effective as a catalyst over a narrow range of temperatures. 

C Glucokinase only operates on a narrow range of substrate molecules. 

D Glucokinase provides an alternative route for the reactions it catalyses. 

 

 

12 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

13 Elements D and E are both in Period 3. Element D has the smallest atomic radius in Period 3. 

There are only two elements in Period 3 which have a lower melting point than element E. 

Elements D and E react together to form compound L. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

14 X and Y are both Group 2 metals. 

 

X and Y both form hydroxide compounds, but X(OH)2 is more soluble in water than Y(OH)2. 

 

If a piece of metal Y is put into cold water a very slow reaction occurs, and only a very few, small 

hydrogen bubbles can be seen. 

 

What could be the identities of X and Y? 

 

 X Y 

A barium magnesium 

B barium strontium 

C calcium strontium 

D magnesium calcium 
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14 Elements Y and Z are both in Period 3. 

 

When the chloride of Y is added to water, it reacts and a solution of pH 2 is produced. 

 

When the chloride of Z is added to water, it dissolves and a solution of pH 7 is produced. 

 

Which statement explains these observations? 

A Both chlorides hydrolyse in water. 

B Y is magnesium and Z is sodium. 

C Y is phosphorus and Z is aluminium. 

D Y is silicon and Z is sodium. 

 

 

15 When chlorine reacts with hot aqueous sodium hydroxide, two chlorine-containing ions are 

formed. One of these is the chloride ion, Cl –. 
 

What is the other ion? 

A Cl O–

 B Cl O2

–

 C Cl O3

–

 D Cl O4

–

 

 

 

16 J is a salt of one of the halogens chlorine, bromine, iodine or astatine. 

 

The reaction scheme shows a series of reactions using a solution of J as the starting reagent. 

 

J(aq) a precipitate a colourless
solution

a precipitate

HNO3(aq)
AgNO3(aq)

an excess of
dilute NH3(aq)

an excess of
HNO3(aq)

 

 

What could J be? 

A sodium chloride 

B sodium bromide 

C potassium iodide 

D potassium astatide 
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12  The graph below shows the variation of the first ionisation energy with proton number for some 

elements. The letters used are not the usual symbols for the elements. 

 

first ionisation
energy / kJ mol–1

proton number

P

Q

R

S

T

U
V

W

X

 

 

Which statement about the elements is correct? 

A P and X are in the same period in the Periodic Table. 

B The general increase from Q to X is due to increasing atomic radius. 

C The small decrease from R to S is due to decreased shielding. 

D The small decrease from U to V is due to repulsion between paired electrons. 

 

 

13  Which element shows the greatest tendency to form covalent compounds? 

A boron 

B magnesium 

C neon 

D potassium 
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13 Element Z has a giant structure. 
 

The chloride of Z reacts with water to give a solution with a pH less than 5. 
 

Which row shows two elements which could be Z? 

A aluminium, magnesium 

B aluminium, silicon 

C phosphorus, magnesium 

D phosphorus, silicon 
 
 
14 Radium is an element below barium in Group 2 of the Periodic Table. 
 

Which equation shows what happens when solid radium nitrate, Ra(NO3)2, is heated strongly? 

A Ra(NO3)2(s)  →  RaO(s)  +  N2O(g)  +  2O2(g) 

B 2Ra(NO3)2(s)  →  2RaO(s)  +  2N2(g)  +  5O2(g) 

C 2Ra(NO3)2(s)  →  2RaO(s)  +  4NO2(g)  +  O2(g) 

D 4Ra(NO3)2(s)  →  2Ra2O(s)  +  8NO2(g)  +  3O2(g) 
 
 
15 Exactly 3.705 kg of substance Y are needed to neutralise 100 moles of HCl (aq). 
 

What could be substance Y? 

A Ca B CaO C Ca(OH)2 D CaCO3 
 
 
16 In an experiment, 0.125 mol of chlorine gas, Cl 2, is reacted with an excess of cold, aqueous 

sodium hydroxide. One of the products is a compound of sodium, oxygen and chlorine. 
 

Which mass of this product is formed? 

A 9.31 g B 13.3 g C 18.6 g D 26.6 g 
 
 
17 Sodium bromide reacts with concentrated sulfuric acid. 

Which observation will be made? 

A A coloured vapour is produced. 

B A purple solid is formed. 

C A strong smell of H2S is detected. 

D Yellow sulfur is formed. 
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12 The elements Cl , Mg, Si and S are all in Period 3. 
 

What is the correct sequence of the melting points of these elements, from lowest to highest? 
 

 lowest 
melting point 

highest 
melting point 

A Cl S Mg Si 

B Cl S Si Mg 

C Mg Si S Cl 

D Si Mg S Cl 
 
 
13 An element Y reacts according to the following sequence. 
 

Y white solid solution solutionwhite precipitate

burns
in O2 HCl (aq) NaOH(aq)

an excess of
NaOH(aq)

 
 

What could be element Y? 

A Al B Ca C Mg D P 
 
 
14 Which compound would most usually be added to soil to reduce its acidity? 

A aluminium hydroxide 

B calcium hydroxide 

C magnesium hydroxide 

D sodium hydroxide 
 
 
15 The mineral dolomite is a mixture of magnesium carbonate and calcium carbonate. 
 

An aqueous reagent, X, was added to a small sample of dolomite. Effervescence was seen and a 
white solid, Y, was formed. 

 
What could be the correct identity of reagent X and solid Y? 

 

 reagent X solid Y 

A hydrochloric acid calcium chloride 

B hydrochloric acid magnesium chloride 

C sulfuric acid  calcium sulfate 

D sulfuric acid magnesium sulfate 
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10 A large excess of marble chips was reacted with 25 cm3 of 1.0 mol dm–3 hydrochloric acid at 40 °C. 
 

How will the result be different when the reaction is repeated with 60 cm3 of 0.5 mol dm–3 
hydrochloric acid at 40 °C? 

A The reaction is faster and less of the products are made. 

B The reaction is faster and more of the products are made. 

C The reaction is slower and less of the products are made. 

D The reaction is slower and more of the products are made. 
 
 
11 Which change alters the activation energy of a given reaction? 
 

A adding a suitable catalyst 

B changing the particle size of the reactants 

C changing the pressure at which the reaction is carried out 

D changing the temperature at which the reaction is carried out 
 
 
12 The relative magnitude of the property X of five elements is shown. P, Q, R, S and T are all in 

Period 3 and have consecutive atomic numbers. 
 

X

atomic number

P
Q

R

S T

 
 

Which row shows a correct pairing of property X and element R? 
 

 property X element R 

A electrical conductivity Al 

B electronegativity Si 

C melting point Al 

D second ionisation energy Si 
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13 Which graph correctly shows the relative melting points of the elements Mg, Al, Si and P plotted 
against their relative first ionisation energies? 

 

melting point

first ionisation energy

A

Si

AlMg

P

melting point

first ionisation energy

B

Si
Al

Mg

P

melting point

first ionisation energy

C

Si

Al Mg

P

melting point

first ionisation energy

D

Si

Al
Mg

P

 
 
 
14 The table gives information about calcium carbonate and calcium hydroxide. 
 

Which row is correct? 
 

 
calcium carbonate 

is more soluble than 
calcium hydroxide 

calcium hydroxide  
can be manufactured 

using calcium 
carbonate as a 
starting material 

A no no 

B no yes 

C yes no 

D yes yes 
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11 The diagram shows the Boltzmann distribution of the energy of gaseous molecules at a particular 

temperature. 

 

molecular energy E

proportion
of molecules
with energy E

X

Y

0
0

 
 

Which statement is correct? 

A If the temperature of the gas is raised, the height of the maximum of the curve increases. 

B If the temperature of the gas is raised, the maximum of the curve moves to the right. 

C The length of the line labelled X shows the activation energy for the reaction. 

D The length of the line labelled Y shows the enthalpy change of the reaction. 

 

 

12 Magnesium chloride, MgCl 2, and silicon tetrachloride, SiCl 4, are separately added to water. 

 

What are the approximate pH values of the solutions formed? 

 

 MgCl 2 SiCl 4 

A 0–3 0–3 

B 0–3 6–7 

C 6–7 0–3 

D 6–7 6–7 
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15 The magnitude of property X of five elements from the third period of the Periodic Table, P, Q, R, 

S and T is shown. P, Q, R, S and T have consecutive atomic numbers. The letters do not 

represent the symbols of the elements. 

 

X

atomic number

P

Q R

S

T

 

 

Which row correctly identifies property X and element R? 

 

 property X element R 

A electrical conductivity Al 

B electronegativity Si 

C melting point Al 

D melting point Si 

 

 

16 Some uses of chlorine and bromine are given. 

 

Which is a use of bromine? 

A making bleaches for textiles and the paper industry 

B making CFCs 

C making flame retardants and fire extinguishers 

D making the polymer PVC 

 

 

17 In an experiment, 0.600 mol of chlorine gas, Cl 2, is reacted with an excess of hot aqueous 

sodium hydroxide. One of the products is NaCl O3. 

 

Which mass of NaCl O3 is formed? 

A 21.3 g B 44.7 g C 63.9 g D 128 g 
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12 Why is the second ionisation energy of sodium larger than the second ionisation energy of 

magnesium? 

A The attraction between the nucleus and the outer electron is greater in Na
+
 than in Mg

+
. 

B The nuclear charge of Na
+
 is greater than that of Mg

+
. 

C The outer electron of Na
+
 is more shielded than the outer electron of Mg

+
. 

D The outer electron of Na is in the same orbital as the outer electron of Mg. 

 

 

13 Which graph correctly shows the relative melting points of the elements Mg, Al, Si and P plotted 

against their relative electronegativities? 

 

melting point

electronegativity

A

Si

Al

Mg

P

melting point

electronegativity

B

Si

AlMg

P

melting point

electronegativity

C
Si

Al Mg

P

melting point

electronegativity

D

Si

Al

Mg

P
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13  Use of the Data Booklet is relevant to this question. 

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The metal oxides and nitrogen are the only products. 

 

Which volume of nitrogen, measured under room conditions, is produced when 0.783 g of 

anhydrous barium nitrate reacts with an excess of aluminium? 

A 46.8 cm
3

 B 72.0 cm
3

 C 93.6 cm
3

 D 144 cm
3

 

 

 

14 Which chloride of a Period 3 element dissolves in water to form a solution with a pH of 7? 

A aluminium chloride 

B phosphorus(V) chloride 

C silicon(IV) chloride 

D sodium chloride 

 

 

15  Use of the Data Booklet is relevant to this question. 

 

Which row correctly compares the electrical conductivity and first ionisation energy of magnesium 

and aluminium? 

 

 
higher electrical 

conductivity 

higher first 

ionisation energy 

A aluminium aluminium 

B aluminium  magnesium 

C magnesium aluminium 

D magnesium magnesium 
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11 Enzymes are biological catalysts. Many enzymes show specificity. An example of an enzyme 

which shows specificity is glucokinase. Glucokinase is involved in the metabolism of glucose. 

 

What does specificity mean in this context? 

A Glucokinase is most effective as a catalyst over a narrow pH range. 

B Glucokinase is most effective as a catalyst over a narrow range of temperatures. 

C Glucokinase only operates on a narrow range of substrate molecules. 

D Glucokinase provides an alternative route for the reactions it catalyses. 

 

 

12 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

13 Elements D and E are both in Period 3. Element D has the smallest atomic radius in Period 3. 

There are only two elements in Period 3 which have a lower melting point than element E. 

Elements D and E react together to form compound L. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

14 X and Y are both Group 2 metals. 

 

X and Y both form hydroxide compounds, but X(OH)2 is more soluble in water than Y(OH)2. 

 

If a piece of metal Y is put into cold water a very slow reaction occurs, and only a very few, small 

hydrogen bubbles can be seen. 

 

What could be the identities of X and Y? 

 

 X Y 

A barium magnesium 

B barium strontium 

C calcium strontium 

D magnesium calcium 
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12  The electrical conductivities of two compounds, Y and Z, are shown in the table. 

 

 Y Z 

conductivity of the compound 

in the liquid state 
good 

does not 

conduct 

conductivity of the mixture obtained 

by adding the compound to water 
good good 

 

What could compounds Y and Z be? 

 

 Y Z 

A Al 2O3 SiCl 4 

B NaF Al 2O3 

C NaF SiCl 4 

D SiCl 4 Al 2O3 

 

 

13  Which reagent, when mixed with ammonium sulfate and then heated, liberates ammonia? 

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D potassium dichromate(VI) in acidic solution 

 

 

14  Why does barium react more rapidly with cold water than magnesium does? 

A Barium atoms are larger and form ions more easily than magnesium atoms. 

B Barium floats on the surface of the water but magnesium sinks in the water. 

C Barium hydroxide is less soluble than magnesium hydroxide. 

D The sum of the 1st and 2nd ionisation energies of barium is more than that for magnesium. 
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10 A large excess of marble chips was reacted with 25 cm3 of 1.0 mol dm–3 hydrochloric acid at 40 °C. 
 

How will the result be different when the reaction is repeated with 60 cm3 of 0.5 mol dm–3 
hydrochloric acid at 40 °C? 

A The reaction is faster and less of the products are made. 

B The reaction is faster and more of the products are made. 

C The reaction is slower and less of the products are made. 

D The reaction is slower and more of the products are made. 
 
 
11 Which change alters the activation energy of a given reaction? 
 

A adding a suitable catalyst 

B changing the particle size of the reactants 

C changing the pressure at which the reaction is carried out 

D changing the temperature at which the reaction is carried out 
 
 
12 The relative magnitude of the property X of five elements is shown. P, Q, R, S and T are all in 

Period 3 and have consecutive atomic numbers. 
 

X

atomic number

P
Q

R

S T

 
 

Which row shows a correct pairing of property X and element R? 
 

 property X element R 

A electrical conductivity Al 

B electronegativity Si 

C melting point Al 

D second ionisation energy Si 
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13 The graphs show trends in four physical properties of elements in Period 3, excluding argon. 
 

Which graph has electronegativity on the y-axis? 
 

Na Mg Al Si P S Cl

A

Na Mg Al Si P S Cl

B

Na Mg Al Si P S Cl

C

Na Mg Al Si P S Cl

D

 
 
 
14 In this question, X represents an atom of chlorine, bromine or iodine. 
 

Which explanation for the variation in volatility down Group 17 is correct? 

A Instantaneous dipole-induced dipole forces between molecules become stronger. 

B Permanent dipole-permanent dipole forces between molecules become stronger. 

C The bond energy of the X2 molecules decreases. 

D The first ionisation energy  X(g)  →  X+(g)  + e–  decreases. 
 
 
15 To manufacture cement, 1000 million tonnes of limestone are decomposed each year. To 

manufacture lime for agriculture, 200 million tonnes of limestone are decomposed each year. 
 

What is the total mass of carbon dioxide in million tonnes produced from these two processes in 
a year? 

A 440 B 528 C 660 D 880 
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12 Silicon is heated in an excess of chlorine, producing compound J. 
 

Excess water is added to the sample of J produced. 
 

Which row is correct? 
 

 structure of J 
Is HCl produced 

when water is 
added to J? 

A giant molecular no 

B giant molecular yes 

C simple molecular no 

D simple molecular yes 

 
 
13 Which element has the second smallest atomic radius in its group and the third lowest first 

ionisation energy in its period? 

A boron 

B calcium 

C magnesium 

D sodium 
 
 
14 Chlorine reacts with cold aqueous sodium hydroxide to produce sodium chloride, water and 

compound X. 
 

Chlorine reacts with hot aqueous sodium hydroxide to produce sodium chloride, water and 
compound Y. 

 
What are the oxidation states of chlorine in compound X and compound Y? 

 

 X Y 

A –1 –5 

B –1 +5 

C +1 –5 

D +1 +5 

 
 
15 In which reaction does ammonia behave as a Brønsted-Lowry base? 

A NH3  +  CH3CH2Br  →  CH3CH2NH2  +  HBr 

B NH3  +  H2O  +  CO2  →  (NH4)HCO3 

C 2NH3  +  2Na  →  2NaNH2  +  H2 

D 4NH3  +  3O2  →  2N2  +  6H2O 
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10 Which reaction is not a redox reaction? 

A Mg  +  2HNO3  →  Mg(NO3)2  +  H2 

B 2Mg(NO3)2  →  2MgO  +  4NO2  +  O2 

C SO2  +  NO2  →  SO3  +  NO 

D SO3  +  H2O  →  H2SO4 
 
 
11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2  +  O2    2SO3 'H 

o = –196 kJ mol–1 
 

Which conditions of pressure and temperature favour the reverse reaction? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
 
 
12 Which statement about the effect of a catalyst on a reversible reaction is correct? 

A The activation energy of the forward reaction stays the same. 

B The composition of the equilibrium mixture stays the same. 

C The rate of the backward reaction stays the same. 

D The value of the equilibrium constant changes. 
 
 
13 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
 
 
14 X, Y and Z are three elements in the third period. 
 

● X reacts with chlorine to give a liquid product. 

● Y reacts with chlorine to give a solid product that dissolves in water to give a 
solution of pH 7. 

● Z reacts with chlorine to give a solid product that dissolves in water to give a solution 
of pH 6. 

 
Which elements are good conductors of electricity? 

A X and Y B Y and Z C Y only D Z only 
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9 Materials can be classified by their chemical structures. Four common types of structure are 
metallic, ionic, simple molecular and giant molecular. 

 
Some physical properties of four substances are shown in the table. 

 
Which substance has a simple molecular structure? 

 

 melting point 
/ °C 

effect of 
adding water 

electrical 
conductivity 

A 64 reacts good when solid 

B 113 insoluble always poor 

C 767 soluble good when solid 

D 1600 insoluble always poor 
 
 
10 In a particular reversible reaction the yield of product is increased 
 

● if the temperature is increased; 

● if the pressure is decreased. 
 

Which equation could describe this reversible reaction? 

A CH4(g)  +  H2O(g)    3H2(g)  +  CO(g) 'H = +206 kJ mol–1 

B 4NH3(g)  +  3O2(g)    2N2(g)  +  6H2O(g) 'H = –227 kJ mol–1 

C 2NO2(g)    N2O4(g) 'H = –58 kJ mol–1 

D 3O2(g)    2O3(g) 'H = +143 kJ mol–1 
 
 
11 A chemical company used a catalyst in a chemical process. The company has now decided not 

to use the catalyst but to increase the temperature so that the rate of the reaction is the same as 
it was when the catalyst was used. 

 
Which statement about the new conditions compared to the original conditions is correct? 

A The activation energy has been decreased. 

B The activation energy has been increased. 

C There are fewer successful collisions per unit time. 

D There are more successful collisions per unit time. 
 
 
12 Which oxide does not react with cold, dilute sodium hydroxide to produce a salt? 

A Al 2O3 B P4O10 C SO2 D SiO2 
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13 Element Z has a giant structure. 
 

The chloride of Z reacts with water to give a solution with a pH less than 5. 
 

Which row shows two elements which could be Z? 

A aluminium, magnesium 

B aluminium, silicon 

C phosphorus, magnesium 

D phosphorus, silicon 
 
 
14 Radium is an element below barium in Group 2 of the Periodic Table. 
 

Which equation shows what happens when solid radium nitrate, Ra(NO3)2, is heated strongly? 

A Ra(NO3)2(s)  →  RaO(s)  +  N2O(g)  +  2O2(g) 

B 2Ra(NO3)2(s)  →  2RaO(s)  +  2N2(g)  +  5O2(g) 

C 2Ra(NO3)2(s)  →  2RaO(s)  +  4NO2(g)  +  O2(g) 

D 4Ra(NO3)2(s)  →  2Ra2O(s)  +  8NO2(g)  +  3O2(g) 
 
 
15 Exactly 3.705 kg of substance Y are needed to neutralise 100 moles of HCl (aq). 
 

What could be substance Y? 

A Ca B CaO C Ca(OH)2 D CaCO3 
 
 
16 In an experiment, 0.125 mol of chlorine gas, Cl 2, is reacted with an excess of cold, aqueous 

sodium hydroxide. One of the products is a compound of sodium, oxygen and chlorine. 
 

Which mass of this product is formed? 

A 9.31 g B 13.3 g C 18.6 g D 26.6 g 
 
 
17 Sodium bromide reacts with concentrated sulfuric acid. 

Which observation will be made? 

A A coloured vapour is produced. 

B A purple solid is formed. 

C A strong smell of H2S is detected. 

D Yellow sulfur is formed. 
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13 The graphs show trends in four physical properties of elements in Period 3, excluding argon. 
 

Which graph has electronegativity on the y-axis? 
 

Na Mg Al Si P S Cl

A

Na Mg Al Si P S Cl

B

Na Mg Al Si P S Cl

C

Na Mg Al Si P S Cl

D

 
 
 
14 In this question, X represents an atom of chlorine, bromine or iodine. 
 

Which explanation for the variation in volatility down Group 17 is correct? 

A Instantaneous dipole-induced dipole forces between molecules become stronger. 

B Permanent dipole-permanent dipole forces between molecules become stronger. 

C The bond energy of the X2 molecules decreases. 

D The first ionisation energy  X(g)  →  X+(g)  + e–  decreases. 
 
 
15 To manufacture cement, 1000 million tonnes of limestone are decomposed each year. To 

manufacture lime for agriculture, 200 million tonnes of limestone are decomposed each year. 
 

What is the total mass of carbon dioxide in million tonnes produced from these two processes in 
a year? 

A 440 B 528 C 660 D 880 
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13 X and Y are elements in Period 3 of the Periodic Table. 
 

● The oxide of X is a solid at room temperature. This oxide has a giant structure. 

● The chloride of X does not react with water. 

● Argon is the only element in Period 3 with a lower melting point than Y. 
 

What could be the formula of  a compound formed between elements X and Y? 

A Al 2S3 B MgS C NaCl D PCl 5 
 
 
14 Which row describes the structure and bonding of SiO2 and SiCl 4? 
 

 
SiO2 SiCl 4 

bonding structure bonding structure 

A covalent giant covalent giant 

B covalent giant covalent simple 

C ionic giant covalent giant 

D ionic giant covalent simple 
 
 
15 A sample of anhydrous calcium nitrate is placed in a test-tube and heated in a roaring Bunsen 

flame until it decomposes. The description of the gas in the test-tube is then noted. A glowing 
splint is then put into the test-tube and any changes are noted. 

 
Which observations are correct? 

 

 description of the 
gas in the test-tube 

result of 
glowing splint test 

A brown the splint goes out 

B brown the splint relights 

C colourless the splint goes out 

D colourless the splint relights 
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10 The chemical equilibrium shown is formed when ammonia is produced in the Haber process. 
 

N2  +  3H2    2NH3 
 

The following concentrations are found to be present at equilibrium under certain conditions. 
 

N2 H2 NH3 

0.200 mol dm–3 0.300 mol dm–3 0.600 mol dm–3 
 

What is the numerical value of Kc under these conditions? 

A 0.0150 B 6.0 C 10.0 D 66.7 
 
 
11 The enzyme maltase speeds up the reaction between maltose and water. 
 
 maltase 

maltose + water  glucose 
 

Maltase shows specificity. 
 

Which statement describes the specificity of maltase? 

A Maltase is a biological catalyst and it is a type of protein. 

B Maltase is most effective between pH 6.1 and pH 6.8. 

C Maltase lowers the activation energies of the reactions it catalyses. 

D Maltase only speeds up a small number of chemical reactions. 
 
 
12 Which description of the bonding and acid / base nature of aluminium oxide is correct? 
 

 bonding acid / base nature 

A simple covalent amphoteric 

B giant covalent basic only 

C ionic amphoteric 

D ionic basic only 
 
 
13 X and Y are elements of the third period. 
 

X and Y are individually heated in excess chlorine. Each product is purified and then separately 
added to water, producing two solutions. Both solutions have a pH of less than 5. 

 
What could be X and Y? 

A Na and P B Mg and Al C Mg and Si D Si and P 
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11 Nitrogen and hydrogen can react together to form ammonia. 
 

The formation of ammonia is exothermic. 
 

The rate and yield of the reaction can be altered by changing the conditions under which the 
reaction is carried out. 

 
Which row shows the effects of adding iron to the mixture and increasing the temperature? 

 
adding iron increasing the temperature 

A has no effect on the equilibrium yield reduces the equilibrium yield 

B increases the equilibrium yield increases the equilibrium yield 

C increases the equilibrium yield increases the rate 

D increases the rate has no effect on the equilibrium yield 
 
 
12 The melting points of the Period 3 elements phosphorus to argon are shown in the table. 
 

element P S Cl Ar 

mp / K 317 392 172 84 
 

Which factor explains the changes in melting points from phosphorus to argon? 

A the changes in electronegativity from phosphorus to argon 

B the changes in first ionisation energy from phosphorus to argon 

C the increase in the number of electrons in each atom from phosphorus to argon 

D the number of atoms in each molecule of the element from phosphorus to argon 
 
 
13 Which observations are made when a sample of silicon chloride, SiCl 4, is added to a beaker of 

water? 

A No visible change is observed. 

B Steamy fumes and a precipitate are both observed. 

C The appearance of a precipitate is the only observation. 

D The appearance of steamy fumes is the only observation. 
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34 The rate of chemical reactions can be increased by the addition of a suitable catalyst. 
 

For which reactions can a heterogeneous catalyst be used? 

1 N2  +  3H2    2NH3 

2 2SO2  +  O2    2SO3 

3 2NO  +  2CO    N2  +  2CO2 
 
 
35 Which chlorides, when added to water, can produce a solution with a pH of less than 5? 

1 SiCl 4 

2 Al Cl 3 

3 MgCl 2 
 
 
36 Acid rain continues to be a problem. 
 

Which statements about acid rain are correct? 

1 Acid rain is formed when oxides of nitrogen or oxides of sulfur react with water in the 
atmosphere. 

2 Acid rain causes an increase in the concentration of heavy metal ions in water courses. 

3 Nitrogen dioxide will catalyse the formation of SO3 from SO2 in the atmosphere. 
 
 
37 Which compounds contain a chiral centre? 

1 2-hydroxybutanoic acid 

2 3-hydroxybutanoic acid 

3 4-hydroxybutanoic acid 
 
 
38 The diagram shows the monomer used to make polyvinyl chloride, PVC. 
 

 
 

Assuming that one particular molecule of the polymer forms from n molecules of the monomer 
(where n is many thousands), which statements are correct? 

1 The relative molecular mass of this polymer molecule is approximately 62.5n. 

2 There are n chiral carbon atoms in this polymer molecule. 

3 There are 5n V bonds in one polymer molecule. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  An element X and compound YZ react separately with acid as shown. 

 

X(s) + 2H
+

(aq) → X
2+

(aq) + H
2
(g) 

YZ(s) + 2H
+

(aq) → Y
2+

(aq) + H
2
Z(g) 

 

When 1.0 g of either X or YZ is reacted with an excess of acid, the total volume of gas formed is 

the same. 

 

Which statements are correct? 

1 A
r
(X) = M

r
(YZ) 

2 X and Y are metals. 

3 X and Y must both be in the same Group of the Periodic Table. 

 

 

35 In the gas phase, aluminium chloride exists as the dimer, Al
2
Cl

6
. 

By using this information, which of the following are structural features of the Al
2
Cl

6
 molecule? 

1 Each aluminium atom is surrounded by four chlorine atoms. 

2 There are twelve non-bonded electron pairs in the molecule. 

3 Each aluminium atom contributes electrons to four covalent bonds. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The relative molecular mass, M
r
, of a particular sample of chlorine is 72.0. 

 

Which properties of the atoms in this sample will be the same for all of the atoms? 

1 radius 

2  nucleon number 

3 isotopic mass 

 

 

32  Which of the following influence the size of the ionisation energy of an atom? 

1 the amount of shielding by the inner electrons 

2  the charge on the nucleus 

3 the distance between the outer electrons and the nucleus 

 

 

33 Which equations can apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2  pV = 

M

cRT
 3 pV = MRT 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Which of these reactions are redox reactions? 

1 6NO(g)  +  4NH3(g)  →  5N2(g)  +  6H2O(g) 

2 2SO2(g)  +  O2(g)  →  2SO3(g) 

3 SO3(g)  +  H2O(g)  →  H2SO4(g) 

 

 

35  When added to water, which oxides will cause a change in the pH of the water? 

1 SiO2 

2 CaO 

3 SO2 

 

 

36  Halogenated hydrocarbons have many uses. 

 

What have halogenated hydrocarbons been used for? 

1 solvents 

2 refrigerants 

3 monomers in polymer manufacture 

 

 

37  In which structures do the four carbon atoms labelled C lie in the same plane? 

 

C

1

C
C

C

2

C

C

C
C

3

C

C

CC
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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33 Methanoic acid molecules, HCO2H, and hydrogen carbonate ions, HCO3

–

, can both behave as 

acids. 

 

Why does a solution of methanoic acid have a lower pH than a solution of sodium hydrogen 

carbonate of the same concentration? 

1 HCO2H molecules dissociate more fully than HCO3

–

 ions do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCO3

–

 ion only has one. 

3 Methanoic acid is a weaker acid than sodium hydrogen carbonate. 

 

 

34 The following equilibrium is an exothermic reaction in the forward direction. 

 

2CrO4

2–

(aq)  +  2H
+

(aq)    Cr2O7

2–

(aq)  +  H2O(l) 

 

What happens when the concentration of CrO4

2–

 ions increases and the temperature 

decreases? 

1 The concentration of Cr2O7

2–

 ions increases. 

2 The equilibrium constant increases. 

3 The activation energy decreases. 

 

 

35 Which processes involve the conversion of sulfur dioxide into sulfur trioxide? 

1 the combustion of sulfur contaminated fossil fuels 

2 the Contact process for manufacturing sulfuric acid 

3 the catalytic oxidation of sulfur dioxide by oxides of nitrogen 

 

 

36 Which chlorides of Period 3 elements will form a neutral solution when added to water? 

1 NaCl 

2 Al 2Cl 6 

3 PCl 5 
 

 

37 A series of tests was carried out on the compound shown below. 

 

OO

H

CH3CCH2CH CHCH2C

 

 

Which pairs of reagents would both give a positive result for this compound? 

1 Tollens’ reagent and a solution containing acidified dichromate(VI) ions 

2 aqueous bromine and Fehling’s reagent 

3 2,4-dinitrophenylhydrazine reagent and sodium carbonate 
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34 The diagram shows the reaction pathway for a reversible reaction. 
 

extent of reaction

energy
/ kJ mol–1

30

90

 
 

Which statements are correct? 

1 The forward reaction is exothermic. 

2 The enthalpy change for the forward reaction is –30 kJ mol–1. 

3 The enthalpy change for the backward reaction is +90 kJ mol–1. 
 
 
35 The structure of metals is considered to be positive ions surrounded by delocalised electrons. 
 

The melting points of the metals in Period 3 increase with increasing atomic number. 
 

Which statements help to explain this trend from sodium to aluminium? 

1 The charge on the metal ion increases. 

2 There are more delocalised electrons per metal ion. 

3 The radius of the metal ion decreases. 
 
 
36 Under room conditions, 600 cm3 of a gas, X, has a mass of 0.700 g. 
 

What could X be? 

1 carbon monoxide 

2 ethene 

3 nitrogen 
 
 
37 Which compounds, on reaction with NaBH4, form a compound with a chiral carbon atom? 

1 CH3CH2CH2COCH3 

2 CH2CHCOCH2CH3 

3 CH3CH2COCH2CH3 
 
 

�
[N’18 P12 Q35]

13 

© UCLES 2018 9701/12/O/N/18 [Turn over 

33 Aqueous iron(II) sulfate can take part in redox reactions. 
 

6FeSO4  +  7H2SO4  +  Na2Cr2O7  →  3Fe2(SO4)3  +  Cr2(SO4)3  +  Na2SO4  +  7H2O 
 

Which redox changes occur during this reaction? 

1 Fe(II) is oxidised to Fe(III). 

2 Cr(VI) is reduced to Cr(III). 

3 Oxygen is reduced to water. 
 
 
34 The equation represents an equilibrium. 
 
 4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) ∆H = –900 kJ mol–1 
 

What would increase the concentration of NO at equilibrium? 

1 a reduction in the reaction temperature 

2 the use of a suitable catalyst 

3 an increase in the total pressure 
 
 
35 A sample containing x mol of Al 2Cl 6 is dissolved in water to give solution W. 
 

In order to precipitate all of the aluminium as its hydroxide, y mol of sodium hydroxide are 
required. 

 
More of the alkali is added to re-dissolve the precipitate, giving solution Z. 

 
Which statements are correct? 

1 the initial pH of solution W is below 7 

2 y = 3x 

3 Z contains x mol of aluminium 
 
 
36 Which statements concerning calcium hydroxide are correct? 

1 It is less soluble in water than strontium hydroxide. 

2 When it is added to water an alkaline solution is formed. 

3 It is used in agriculture to lower soil pH. 
 
 
37 Which bromopropenes would react with cold bromine in the dark to form a product containing a 

chiral carbon atom? 

1 CHBr=CHCH3 

2 CH2=CHCH2Br 

3 CH2=CBrCH3 
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34 The diagram shows the reaction pathway for a reversible reaction. 
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2 There are more delocalised electrons per metal ion. 
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36 Under room conditions, 600 cm3 of a gas, X, has a mass of 0.700 g. 
 

What could X be? 

1 carbon monoxide 

2 ethene 

3 nitrogen 
 
 
37 Which compounds, on reaction with NaBH4, form a compound with a chiral carbon atom? 
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 (c)  Magnesium can be produced by electrolysis of magnesium chloride in a molten mixture of 
salts. 

 (i)  Give equations for the anode and cathode reactions during the electrolysis of molten 
magnesium chloride, MgCl 2.

 anode  ..................................................................................................................................

 cathode  ...............................................................................................................................
[2]

  The electrolysis is carried out under an atmosphere of hydrogen chloride gas to convert any 
magnesium oxide impurity into magnesium chloride.

 (ii)  An investigation of the reaction between magnesium oxide and hydrogen chloride 
gas showed that an intermediate product was formed with the composition by mass
Mg, 31.65%;  O, 20.84%;  H, 1.31% and Cl, 46.20%.

  Calculate the empirical formula of this intermediate compound.

empirical formula ....................................  [2]

 (d)  The acid/base behaviour of the oxides in the third period varies across the period.

 (i)  Describe this behaviour and explain it with reference to the structure and bonding of 
sodium oxide, Na2O, aluminium oxide, Al 2O3, and sulfur trioxide, SO3.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (ii)  Write equations for reactions of these three oxides with hydrochloric acid and/or sodium 
hydroxide as appropriate.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

[Total: 18]
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Answer all the questions in the spaces provided.

1  Aluminium is a metal in Period 3 and Group III of the Periodic Table.

 (a)  Describe the structure of solid aluminium.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................   [2]

 (b)  A common use of aluminium is to make the conducting cables in long distance overhead power 
lines.

 (i)  Suggest two properties of aluminium that make it suitable for this use.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

  The cables are attached to pylons by ceramic supports.

 (ii)  Describe the structure of a ceramic material.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (iii)  State the property of a ceramic material that makes it suitable for this use.

  .............................................................................................................................................

  .......................................................................................................................................   [1]
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 (c)  Aluminium reacts with chlorine to form a white, solid chloride that contains 79.7% chlorine and 
sublimes (changes straight from a solid to a gas) at 180 °C.

 (i)  Describe the structure and bonding in this compound. Suggest how it explains the low 
sublimation temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (ii)  Calculate the empirical formula of the chloride. You must show your working.

empirical formula = ..............................  [2]

  At 200 °C and 100 kPa, a 1.36 g sample of this chloride occupied a volume of 200 cm3.

 (iii)  Calculate the relative molecular mass, Mr, of the chloride. Give your answer to three 
signifi cant fi gures.

Mr = ..............................  [2]

 (iv)  Deduce the molecular formula of this chloride at 200 °C.

  .......................................................................................................................................   [1]

[Total: 13]
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3  The elements in Period 3, Na, Mg, Al, P and S, all react with oxygen when heated in air.

 (a) (i)  Give the formula of the oxide formed when each element is heated in air. One has been 

completed for you.

 Na = ..................... Mg = ..................... Al = Al 
2
O

3

 P = ..................... S = .....................

[2]

 (ii)  Describe what you would see when sodium and sulfur are each heated separately in air 

and give an equation for each reaction.

 Na  .......................................................................................................................................

 equation  ..............................................................................................................................

 S  .........................................................................................................................................

 equation  ..............................................................................................................................

[4]

 (b)  The oxides show variations in their behaviour when added to water, acids and alkalis.

 (i)  Place the symbols of the elements in (a)(i) in the appropriate row of the table to indicate 

this behaviour.

acidic

amphoteric

basic

[2]

 (ii)  State the bonding present in acidic and basic oxides.

 acidic  ..................................................................................................................................

 basic  ...................................................................................................................................

[2]

 (iii)  Write equations for the reaction of aluminium oxide with each of hydrochloric acid, HCl, 
and sodium hydroxide, NaOH.

 with HCl  ..............................................................................................................................

 with NaOH  ..........................................................................................................................

[2]

 (c)  Explain how the presence of an impurity in carbonaceous fuels can give rise to acid rain.

 name of impurity  ........................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................   [2]

[Total: 14]
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Answer all the questions in the spaces provided.

1  This question is about Period 3 elements and their compounds.

 (a)  Give an explanation for each of the following statements.

 (i)  The atomic radius decreases across Period 3 (Na to Ar).

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  The first ionisation energy of sulfur is lower than that of phosphorus.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  Sodium is a better electrical conductor than phosphorus.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iv)  Magnesium is a better electrical conductor than sodium.

  .............................................................................................................................................

  .......................................................................................................................................  [1]
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2  D, E, F, and G are four consecutive elements in the fourth period of the Periodic Table. (The letters 
are not the actual symbols of the elements.)

  D is a soft, silvery metal with a melting point just above room temperature. Its amphoteric oxide, 
D2O3, has a melting point of 1900 °C and can be formed by heating D in oxygen.

  G is a solid that can exist as several different allotropes, most of which contain G8 molecules.
  G burns in air to form GO2 which dissolves in water to form an acidic solution. This solution reacts 

with sodium hydroxide to form the salt Na2GO3.

 (a)  Suggest the identities of D and G.

 D .....................................................................  G  .....................................................................
[1]

 (b)  Write equations for the reactions of D2O3 with

 (i)  hydrochloric acid,

  .......................................................................................................................................  [2]

 (ii)  sodium hydroxide.

  .......................................................................................................................................  [2]

 (c)  Suggest the type of bonding and structure in D2O3.

  ..............................................................................................................................................  [1]

 (d)  Write an equation for the formation of an acidic solution when GO2 dissolves in water.

  ..............................................................................................................................................  [1]

[Total: 7]
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Answer all the questions in the spaces provided.

1 (a) Complete the table to show the composition and identity of some atoms and ions.

name of 
element

nucleon 
number

atomic 
number

number of 
protons

number of 
neutrons

number of 
electrons

overall 
charge

boron 10 5 ............. ............. ............. 0

nitrogen ............. ............. ............. 8 10 .............

............. 208 82 82 ............. 80 .............

............. ............. ............. 3 3 ............. +1

[4]

 (b)	 	The	fifth	to	eighth	ionisation	energies	of	three	elements	in	the	third	period	of	the	Periodic	Table	
are given. The symbols used for reference are not the actual symbols of the elements.

ionisation energies, kJ mol–1

fifth sixth seventh eighth

X 7012 8496 27 107 31 671

Y 6542 9362 11 018 33 606

Z 7238 8781 11 996 13 842

 (i)  State and explain the group number of element Y.

  group number ...............................

  explanation  .........................................................................................................................

  .............................................................................................................................................
[1]

 (ii)  State and explain the general trend in first ionisation energies across the third period.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)	 	Complete	the	electronic	configuration	of	element	X.

 1s2  .................................................................................................................................  [1]
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3  The Periodic Table is arranged such that the properties of the elements show a number of trends.

 (a)  A plot of the first ionisation energies for the first 18 elements is shown.

2500

2000

1500

1000

500

0

ionisation
energy
/ kJ mol–1

2 4 6 8 10
atomic number

12 14 16 18

 (i)  Explain why the values show a general increase from atomic number 11 to 18.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Explain the decreases in first ionisation energies between

 •  atomic numbers 12 and 13,

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

 •  atomic numbers 15 and 16.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................
[4]

 (iii)  Suggest an explanation for the trend in the first ionisation energies of the elements with 
atomic numbers 2, 10 and 18.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (b)  A plot of the melting points of the elements across the third period is shown.

11 12 13 14
atomic number

15 16 17 18

1800

1600

1400

1200

1000

800

600

400

200

0

melting
point / K

 (i)  Explain the increase in melting point from atomic number 11 to 12.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Suggest a reason why the increase from atomic number 12 to 13 is much smaller than the 
increase from atomic number 11 to 12.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (iii)  State and explain the pattern of the melting points from atomic number 15 to 18.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (iv)  Explain why the element with atomic number 14 has a melting point so much higher than 
the rest of the elements in the third period.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

[Total: 15]
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Answer all the questions in the spaces provided.

1 (a)  The table shows information about some of the elements in the third period.

element Na Mg Al P S Cl

atomic radius / nm 0.186 0.160 0.143 0.110 0.104 0.099

radius of most common ion / nm 0.095 0.065 0.050 0.212 0.184 0.181

maximum oxidation number of 
the element in its compounds +1 +7

 (i)  Complete the table to show the maximum oxidation number of each element in its 
compounds. [1]

 (ii)  Explain why the atomic radius of elements in the third period decreases from Na to Cl.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (iii)  The radius of the most common ion of Mg is much smaller than the radius of the most 
common ion of S.

  Identify both ions and explain the difference in their radii.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (c)  Cerium is a lanthanoid metal that shows similar chemical reactions to some elements in the 
third period. Most of cerium’s compounds contain Ce3+ or Ce4+ ions.

 (i)  Cerium shows the same structure and bonding as a typical metal.

  Draw a labelled diagram to show the structure and bonding in cerium.

[2]

 (ii)  Cerium(IV) oxide, CeO2, is a ceramic.

  Suggest two physical properties of cerium(IV) oxide.

 1.  .........................................................................................................................................

 2.  .........................................................................................................................................
[2]
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 (b)  Phosphorus is a non-metal in the third period. It reacts vigorously with excess oxygen but 
slowly with chlorine.

  Some reactions of phosphorus are shown.

phosphorus A(s)
excess O2 (g)

reaction 1

Cl 2 (g)
reaction 2

PCl 5 (s) +  HCl (aq)B(aq)
water

 (i)  Write an equation to represent reaction 1, the formation of compound A.

  .......................................................................................................................................  [1]

 (ii)  Give two observations you could make in reaction 2.

 1.  .........................................................................................................................................

 2.  .........................................................................................................................................
[2]

 (iii)  Name compound B.

  .......................................................................................................................................  [1]
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2  The elements in the third period, and their compounds, show trends in their physical and chemical 
properties.

 (a)	 	A	sketch	graph	of	the	first	ionisation	energies	of	five	successive	elements	in	the	third	period	is	
shown.

ionisation
energy

atomic number

P S

Al
Mg Si

 (i)	 	Explain	why	there	is	a	general	increase	in	the	first	ionisation	energy	across	the	third	period.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Sketch, on the graph, the position of the ionisation energies of the two elements that come 
before Mg in this sequence. [2]

 (iii)	 	Explain,	with	reference	to	electron	arrangements,	the	decreases	in	first	ionisation	energy	
between Mg and Al and between P and S.

 Mg and Al  ...........................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

 P and S  ...............................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................
[4]
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 (b)  The chlorides of the elements in the third period behave in different ways when added to water, 
depending on their structure and bonding.

  L and M are each a chloride of an element in Period 3. A student investigated L and M and their 
results are given.

  L is a white crystalline solid with a melting point of 987 K. L dissolves in water to form an 
approximately neutral solution. Addition of NaOH(aq) to an aqueous solution of L produces a 
white precipitate.

  M is a liquid with a boiling point of 331 K. M is hydrolysed rapidly by cold water to form a 
strongly acidic solution, a white solid and white fumes.

  Identify L and M.
  Explain any properties and observations described. 
  Give equations where appropriate.

 (i)  L is  ......................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (ii)  M is  .....................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

[Total:	14]
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Answer all the questions in the spaces provided.

1  The elements sodium to sulfur react with chlorine. The melting points of some of the chlorides 
formed are shown.

chloride NaCl MgCl 2 Al Cl 3 SiCl 4 PCl 3 SCl 2
melting point / K 1074 987 463 203 161 195

 (a)  Predict the shapes of Al Cl 3 and PCl 3.

  Draw diagrams to show the shapes, name the shapes and state the bond angles.

Al Cl 3

shape  ........................................................

angle  .........................................................

PCl 3

shape  ........................................................

angle  .........................................................

[4]

 (b) (i)  Explain, in terms of structure and bonding, why the melting point of SiCl 4 is much lower 
than that of NaCl.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (ii)  Explain why the melting point of SiCl 4 is higher than that of PCl 3.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (iii)  Draw the ‘dot-and-cross’ diagram of a molecule of SiCl 4.
  Show outer electrons only.

 [1]

[Total: 10]
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3  The elements in Period 3 of the Periodic Table show variations in their behaviour across the period.

 (a)  The bar chart below shows the variation of melting points of the elements across Period 3.

Na Mg Si P S ArAl Cl

1800
1600
1400
1200
1000

800
600
400
200

0

melting
point / K

  In each of the following parts of this question you should clearly identify the interactions involved 
and, where appropriate, explain their relative magnitudes.

 (i)  Explain the general increase in melting point from Na to Al.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (ii)  Explain the variation of melting points from P to Ar.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (iii)  Explain why Si has a much higher melting point than any of the other elements in the 
period.

  .............................................................................................................................................

  .......................................................................................................................................   [1]
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 (b)  P–T are successiYe elePents in 3eriod � oI tKe 3eriodic 7aEle.

  7Ke letters are not tKe s\PEols oI tKe elePents.

  2n tKe a[es, sNetcK a grapK to sKoZ tKe trend in tKe atoPic radius oI tKe elePents P–T.

  ([plain \our ansZer.

atomic radius
of the element

P Q R
element

S T

 e[planation  ................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................
 [3]

 >7otal� �@
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 (d)  6ilicon sKoZs tKe saPe Nind oI Eonding and structure as diaPond.

 (i)  6tate tKe t\pe oI Eonding and structure sKoZn E\ silicon.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  :Ken silicon reacts ZitK PagnesiuP, 0g26i IorPs. 0g2Si is thought to contain the Si�± ion.

  6tate tKe Iull electronic con¿guration oI tKe 6i�± ion.

 �s2 ..................................................................................................................................  >�@

 (iii)  6olid 0g26i reacts ZitK dilute K\drocKloric acid to IorP gaseous 6i+� and a solution oI 
PagnesiuP cKloride.

  :rite an eTuation to sKoZ tKe reaction oI solid 0g26i ZitK dilute K\drocKloric acid.

  ,nclude state s\PEols.

  .......................................................................................................................................  [2]

 (iv)  Predict the shape of the SiH� Polecule.

  .......................................................................................................................................  >�@

 (v)  SiH� reacts spontaneousl\ ZitK o[\gen to produce a ZKite solid and a colourless liTuid 
tKat turns anK\drous copper�II� sulIate Elue. 1o otKer products are IorPed.

  Write an equation for the reaction of SiH� ZitK o[\gen.

  6tate s\PEols are not required.

  .......................................................................................................................................  >�@

 >7otal� ��@
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3  The elements in the third period exhibit periodicity in both their chemical and physical properties.

 (a)  A graph of the atomic and ionic radii across the third period is shown.

0.25

0.20

0.15

0.10

0.05

0.00

atomic or
ionic radius
/ nm

atoms and ions
Na Na+ Mg Mg2+ Al Al 3+ Si Si4+ P3–P S2–S Cl –Cl

= atomic radius / nm = ionic radius / nm

 (i)  Explain the decrease in atomic radius across the third period.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Explain why, for sodium to silicon, the ionic radii are less than the atomic radii.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (iii)  Explain why, for phosphorus to chlorine, the ionic radii are greater than the atomic radii.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (b)  7Ke ¿rst ionisation energies oI tKe elePents across tKe tKird period sKoZ a general increase.

  Aluminium and sulfur do not follow this general trend.

 (i)  ([plain ZK\ aluPiniuP Kas a loZer ¿rst ionisation energ\ tKan PagnesiuP.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (ii)  ([plain ZK\ sulIur Kas a loZer ¿rst ionisation energ\ tKan pKospKorus.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (c)  The elements in the third period, from sodium to silicon, can react with chlorine to form chlorides.

 (i)  State and explain the pattern of change of oxidation number which occurs to both chlorine 
and the different Period 3 elements when they react together.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (ii)  Give the equations to show the reactions of sodium chloride and silicon(IV) chloride when 
separately added to water.

 sodium chloride  ..................................................................................................................

 silicon(IV) chloride ..............................................................................................................
 [2]

 (iii)  Complete the table to describe the structure and bonding in sodium chloride and 
silicon(IV) chloride.

structure bonding

sodium chloride

silicon(IV) chloride

 [2]

 [Total: 16]
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2  The elements in the third period, and their compounds, show trends in their physical and chemical 
properties.

 (a)  $ sNetcK grapK oI tKe ¿rst ionisation energies oI ¿Ye successiYe elePents in tKe tKird period is 
shown.

ionisation
energy

atomic number

P S

Al
Mg Si

 (i)  ([plain ZK\ tKere is a general increase in tKe ¿rst ionisation energ\ across tKe tKird period.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Sketch, on the graph, the position of the ionisation energies of the two elements that come 
before Mg in this sequence. [2]

 (iii)  ([plain, ZitK reIerence to electron arrangePents, tKe decreases in ¿rst ionisation energ\ 
between Mg and Al and between P and S.

 Mg and Al  ...........................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

 P and S  ...............................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................
>�@
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 (b)  The chlorides of the elements in the third period behave in different ways when added to water, 
depending on their structure and bonding.

  L and M are each a chloride of an element in Period 3. A student investigated L and M and their 
results are given.

  L is a white crystalline solid with a melting point of 987 K. L dissolves in water to form an 
approximately neutral solution. Addition of NaOH(aq) to an aqueous solution of L produces a 
white precipitate.

  M is a liquid with a boiling point of 331 K. M is hydrolysed rapidly by cold water to form a 
strongly acidic solution, a white solid and white fumes.

  Identify L and M.
  Explain any properties and observations described. 
  Give equations where appropriate.

 (i)  L is  ......................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (ii)  M is  .....................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

>7otal� ��@
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Answer all the questions in the spaces provided.

1  The elements sodium to sulfur react with chlorine. The melting points of some of the chlorides 
formed are shown.

chloride NaCl MgCl 2 Al Cl 3 SiCl 4 PCl 3 SCl 2
melting point / K 1074 987 463 203 161 195

 (a)  Predict the shapes of Al Cl 3 and PCl 3.

  Draw diagrams to show the shapes, name the shapes and state the bond angles.

Al Cl 3

shape  ........................................................

angle  .........................................................

PCl 3

shape  ........................................................

angle  .........................................................

[4]

 (b) (i)  Explain, in terms of structure and bonding, why the melting point of SiCl 4 is much lower 
than that of NaCl.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (ii)  Explain why the melting point of SiCl 4 is higher than that of PCl 3.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (iii)  Draw the ‘dot-and-cross’ diagram of a molecule of SiCl 4.
  Show outer electrons only.

 [1]

[Total: 10]
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2  7Ke taEle giYes soPe data Ior elePents in tKe tKird period and soPe oI tKeir coPpounds.

element Na 0g Al Si P S

t\pe oI Eonding metallic covalent covalent

IorPula oI o[ide P4O10 SO2

formula of chloride NaCl 0g&l 2 SCl 2

 (a)  &oPplete tKe taEle to sKoZ tKe Eonding in tKe elePents, and tKe IorPulae oI tKeir o[ides and 
chlorides. [3]

 (b)  SCl 2 is IorPed in tKe IolloZing reaction.

 S2Cl 2(l)  +  Cl 2�g�    2SCl 2(l) 6H = – 40.6 kJ mol–1

 (i)  &oPplete tKe µdot�and�cross¶ diagraP to sKoZ tKe Eonding in a Polecule oI 6&l 2. Show 
outer electrons onl\.

 [1]

 (ii)  &oPplete and Iull\ laEel tKe reaction patKZa\ diagraP Ior tKe reaction EetZeen 62Cl 2 and 
Cl 2. ,nclude laEels Ior actiYation energ\, Ea, and entKalp\ cKange oI tKe IorZard reaction, 
6H.

energy

progress of reaction

S2Cl 2(l)  +  Cl 2(g)

 [2]
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 (c) (i)  2n tKe a[es, sNetcK tKe trend in Pelting point oI tKe elePents 1a to 6.

melting point
of element

Na Mg Al Si P S
 [1]

 (ii)  *iYe tKree statePents to e[plain \our sNetcK.

 1  ..........................................................................................................................................

  .............................................................................................................................................

 2  ..........................................................................................................................................

  .............................................................................................................................................

 3  ..........................................................................................................................................

  .............................................................................................................................................
 [3]

 (d)  Write an equation for the reaction of P4O10 with water.

  ..............................................................................................................................................  [1]

 (e)  SO2 can Ee released into tKe atPospKere ZKen Iossil Iuels containing sulIur are Eurnt.

  6tate and e[plain one enYironPental conseTuence oI tKe release oI 622 into the atmosphere.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]
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 (f)  7Ke elePents in tKe tKird period sKoZ a general increase in tKeir ¿rst ionisation energies IroP 
leIt to rigKt.

  ,dentiI\ two pairs of successive elements in the third period that do not agree ZitK tKis 
statement.

  )or eacK pair, e[plain ZK\ tKe cKange in ionisation energ\ does not agree ZitK tKis statePent.

  Use of the Data Booklet may help you to answer this question.

 pair 1  ..........................................................................................................................................

 e[planation  ................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

 pair 2  ..........................................................................................................................................

 e[planation  ................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................
 [4]

 [Total: 17]
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13 The chloride of element Q is hydrolysed by water to form an acidic solution and its oxide reacts
with acid to form a salt.

What could be the element Q?

A magnesium

B aluminium

C silicon

D phosphorus

14 Which diagram represents the change in ionic radius of the elements across the third period
(Na to Cl)?

15 The propellant used in the solid rocket booster of a space shuttle is a mixture of aluminium and
compound X. Compound X contains chlorine in an oxidation state of +7.

Which of the following could be compound X?

A NH4Cl B NH4ClO3 C NH4ClO4 D N2H5Cl

16 River water in a chalky agricultural area may contain Ca2+, Mg2+, CO2–
3 , HCO–

3, Cl–, and NO–
3

ions. In a waterworks, such water is treated by adding a calculated quantity of calcium hydroxide.

What will be precipitated following the addition of calcium hydroxide?

A CaCl2

B CaCO3 

C MgCO3

D Mg(NO3)2

Na Cl

A

Na Cl

B

Na Cl

C

Na Cl

D
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11 Which curve is obtained if the rate of reaction is plotted against time for an autocatalytic reaction
(i.e. a reaction in which one of the products catalyses the reaction)?

12 Which species represented by the following formulae has the largest radius?

A P3– B Cl– C Ar D K+

13 Which of the following oxides is unlikely to dissolve in aqueous sodium hydroxide?

A Al2O3 B MgO C SO2 D SiO2

14 An element of the third period (Na to S) is heated in chlorine.  The product is purified and then
added to water.  The resulting solution is found to be neutral.

What is the element?

A sodium

B aluminium

C silicon

D phosphorus

15 Which equation represents the reaction that occurs when calcium nitrate is heated strongly? 

A Ca(NO3)2 → Ca(NO2)2 + O2

B Ca(NO3)2 → CaO + N2O + 2O2

C Ca(NO3)2 → CaO2 + 2NO2

D 2Ca(NO3)2 → 2CaO + 4NO2 + O2

0
0

rate

time 0
0

rate

time 0
0

rate

time 0
0

rate

time

A B C D
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16 During electrolysis of brine in a diaphragm cell, chlorine, hydrogen and sodium hydroxide are
produced. 

What is the molar ratio of these products?

chlorine hydrogen sodium hydroxide

A 1 1 1

B 1 1 2

C 2 1 1

D 2 2 1

17 Which statement explains the observation that magnesium hydroxide dissolves in aqueous
ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH+
4 ion is similar to that of Mg2+ but not that of Na+.

B NH4Cl dissociates less fully than NaCl.

C The ions Na+ and Mg2+ are isoelectronic (have the same number of electrons).

D The ion NH+
4 acts as an acid.

18 Sulphur dioxide is an important food preservative.

What property makes sulphur dioxide useful in this role?

A It is a gas.

B It is a reducing agent.

C It reacts with oxygen to form sulphur trioxide.

D It reacts with water to form an acidic solution.

19 The anaesthetic halothane, CF3CHBrCl , is made industrially as shown below.

HF Br2
CCl2=CHCl ⎯⎯→ CF3CH2Cl ⎯⎯→  CF3CHBrCl

stage 1 stage 2

What type of reaction is occurring in stage 2?

A electrophilic addition

B electrophilic substitution

C free radical substitution

D nucleophilic addition
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13 The chloride of element Q is hydrolysed by water to form an acidic solution and its oxide reacts
with acid to form a salt.

What could be the element Q?

A magnesium

B aluminium

C silicon

D phosphorus

14 Which diagram represents the change in ionic radius of the elements across the third period
(Na to Cl)?

15 The propellant used in the solid rocket booster of a space shuttle is a mixture of aluminium and
compound X. Compound X contains chlorine in an oxidation state of +7.

Which of the following could be compound X?

A NH4Cl B NH4ClO3 C NH4ClO4 D N2H5Cl

16 River water in a chalky agricultural area may contain Ca2+, Mg2+, CO2–
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ions. In a waterworks, such water is treated by adding a calculated quantity of calcium hydroxide.
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C MgCO3
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Na Cl
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Na Cl
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11 Which curve is obtained if the rate of reaction is plotted against time for an autocatalytic reaction
(i.e. a reaction in which one of the products catalyses the reaction)?

12 Which species represented by the following formulae has the largest radius?

A P3– B Cl– C Ar D K+

13 Which of the following oxides is unlikely to dissolve in aqueous sodium hydroxide?

A Al2O3 B MgO C SO2 D SiO2

14 An element of the third period (Na to S) is heated in chlorine.  The product is purified and then
added to water.  The resulting solution is found to be neutral.

What is the element?

A sodium

B aluminium

C silicon

D phosphorus

15 Which equation represents the reaction that occurs when calcium nitrate is heated strongly? 

A Ca(NO3)2 → Ca(NO2)2 + O2

B Ca(NO3)2 → CaO + N2O + 2O2

C Ca(NO3)2 → CaO2 + 2NO2

D 2Ca(NO3)2 → 2CaO + 4NO2 + O2

0
0

rate

time 0
0

rate

time 0
0

rate

time 0
0

rate

time

A B C D
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12 Crotonaldehyde, CH3CH=CHCHO, can be obtained by oxidising butadiene, CH2=CHCH=CH2, 

using air or oxygen. One method is to pass a mixture of butadiene and oxygen through a hot 

aqueous solution of palladium(II) ions, Pd
2+

(aq), which catalyse the reaction. 

 

Which statement is not correct about the action of the Pd
2+

(aq) ions? 

A Changing the concentration of the Pd
2+

(aq) will have an effect on the rate of the reaction. 

B Pd
2+

(aq) increases the energy of the reacting molecules. 

C Pd
2+

(aq) lowers the activation energy for the reaction. 

D When Pd
2+

(aq) is used, the reaction proceeds by a different route. 

 

 

13 Which oxide, when mixed with water, will produce the most acidic solution? 

A CO B CO2 C SiO2 D P2O5 

 

 

14 Which salt is produced by adding aqueous ammonia to aqueous sulphur dioxide until just 

alkaline? 

A NH4SO3 B NH4SO4 C (NH4)2SO3 D (NH4)2SO4 

 

 

15 Aluminium chloride catalyses certain reactions by forming carbocations (carbonium ions) with 

chloroalkanes as shown. 

 

RCl + Al Cl3 → R
+

 + 
−

4
CA ll  

 

Which property makes this reaction possible? 

A AlCl3 exists as the dimer Al2Cl6 in the vapour. 

B AlCl3 is a covalent molecule. 

C The aluminium atom in Al Cl3 has an incomplete octet of electrons. 

D The chlorine atom in RCl has a vacant p orbital. 

 

 

16 Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding 

compounds are very similar. 

 

Which statement concerning the reactions of lithium and its compounds is correct? 

A Lithium carbonate decomposes on heating at a relatively low temperature, forming lithium 

oxide and carbon dioxide. 

B Lithium nitrate decomposes on heating, forming lithium nitrite and oxygen. 

C Lithium burns only slowly in oxygen. 

D Lithium reacts violently with cold water, liberating hydrogen. 
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12  The molecular energy distribution curve represents the variation in energy of the molecules of a 

gas at room temperature. 

 

0
0

energy

proportion
of
molecules

 

 

Which curve applies for the same gas at a lower temperature? 

 

A B

C D

0
0

energy

proportion
of
molecules

0
0

energy

proportion
of
molecules

0
0

energy

proportion
of
molecules

0
0

energy

proportion
of
molecules

 

 

 

13  In an experiment, 0.1 g samples of Na
2
O, MgO, P

4
O

10
 and SO

2
 are added to separate 100 cm

3

 

volumes of water. 

 

For which oxide is the resulting mixture most alkaline? 

A Na
2
O B MgO C P

4
O

10 
D SO

2 

 

 

 

5 

© UCLES 2009 9701/01/M/J/09 [Turn over 

9 When copper is extracted from its ores, the metal is not pure enough for electrical uses. The 

impure copper, which contains small amounts of silver and gold, is purified by electrolysis. During 

this process a ‘sludge’ forms beneath the anode which is found to contain silver and traces of 

gold. 

 

Why is silver found in this sludge? 

A Silver is less electropositive than copper. 

B Silver is more dense than copper and falls off the cathode. 

C Silver reacts with the electrolyte to form an insoluble chloride salt. 

D Silver reacts with the electrolyte to form an insoluble sulfate salt. 

 

 

10 The diagram shows the Maxwell-Boltzmann energy distribution curve for molecules of a mixture 

of two gases at a given temperature. For a reaction to occur the molecules must collide together 

with sufficient energy. 

 

number of
molecules

Ea2 Ea1energy
00

 

 

Ea is the activation energy for the reaction between the gases. Of the two values shown, one is 

for a catalysed reaction, the other for an uncatalysed one. 

 

Which pair of statements is correct when a catalyst is used? 

 

A 

 

Ea1 catalysed reaction 

fewer effective collisions 

Ea2 uncatalysed reaction 

more effective collisions 

B 

 

Ea1 uncatalysed reaction 

fewer effective collisions 

Ea2 catalysed reaction 

more effective collisions 

C 

 

Ea1 catalysed reaction 

more effective collisions 

Ea2 uncatalysed reaction 

fewer effective collisions 

D 

 

Ea1 uncatalysed reaction 

more effective collisions 

Ea2 catalysed reaction 

fewer effective collisions 
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11 It is often said that the rate of a typical reaction is roughly doubled by raising the temperature by 

10 °C. 

 

What explains this observation? 

A Raising the temperature by 10 °C doubles the average kinetic energy of each molecule. 

B Raising the temperature by 10 °C doubles the average velocity of the molecules. 

C Raising the temperature by 10 °C doubles the number of molecular collisions in a given time. 

D Raising the temperature by 10 °C doubles the number of molecules having more than a 

certain minimum energy. 

 

 

12 When dangerous chemicals are transported by road, vehicles must carry signs that indicate what 

measures should be taken in the event of a spillage of the chemical carried. 

 

Which material must be used if there were a spillage of metallic sodium? 

A ethanol 

B jets of water 

C sand 

D water spray 

 

 

13 Which species has the largest radius? 

A P
3−

 B Cl 
−

 C Ar D K
+

 

 

 

14 Use of the Data Booklet is relevant to this question. 

 

The sketch graph shows the variation of one physical or chemical property with another for the 

Group II elements. 

 

y

x  

 

What are the correct labels for the axes? 

 

 x-axis y-axis 

A atomic number mass number 

B atomic number melting point 

C first ionisation energy atomic number 

D first ionisation energy atomic radius  

7 
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12 The following graph shows the variation of a property of the first 20 elements in the Periodic 

Table with the atomic number of the element. 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

atomic number

property

 

 

What is the property? 

A atomic radius 

B first ionisation energy 

C ionic radius 

D melting point 

 

 

13 Which statement correctly describes what happens when silicon tetrachloride is added to water? 

A The SiCl4 dissolves to give a neutral solution only. 

B The SiCl4 reacts to give an acidic solution only. 

C The SiCl4 reacts to give a precipitate and an acidic solution. 

D The SiCl4 reacts to give a precipitate and a neutral solution. 

 

 

14 The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What is element X? 

A sodium 

B magnesium 

C aluminium 

D phosphorus 
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15 The percentage of ammonia obtainable, if equilibrium were established during the Haber process, 

is plotted against the operating pressure for two temperatures, 400 °C and 500 °C. 

 

Which diagram correctly represents the two graphs? 

 

A 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa 

400 °C

500 °C% NH3  at 
equilibrium 

B 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa 

500 °C

400 °C% NH3  at 
equilibrium 

C 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa

400 °C

500 °C

% NH3  at 
equilibrium 

D 
40 

20 

10 20
0 
0 

pressure / 103
 kPa 

% NH3  at 
equilibrium 

500 °C

400 °C

 

 

 

16 Consecutive elements X, Y, Z are in the third period of the Periodic Table. Element Y has the 

highest first ionisation energy and the lowest melting point. 

 

What could be the identities of X, Y and Z? 

A aluminium, silicon, phosphorus  

B magnesium, aluminium, silicon 

C silicon, phosphorus, sulfur 

D sodium, magnesium, aluminium 

 

 

17 Which property of Group II elements (beryllium to barium) decreases with increasing atomic 

number? 

A reactivity with water 

B second ionisation energy 

C solubility of hydroxides 

D stability of the carbonates 
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12 One mole of magnesium, aluminium and sulphur are each completely burned in an excess of 

oxygen gas. 

 

Which graph shows the moles of oxygen used in each case? 

 

0

moles of
oxygen

used

Mg Al S

A

0

moles of
oxygen

used

Mg Al S

B

0

moles of
oxygen

used

Mg Al S

C

0

moles of
oxygen

used

Mg Al S

D

 

 

 

13 In 1999, researchers working in the USA believed that they had made a new element and that it 

had the following electronic structure. 

 

[Rn] 5f
14

6d
10

7s
2

7p
6

. 

 

In which group of the Periodic Table would you expect to find this element? 

A II B IV C VI D 0 

 

 

14 Consecutive elements X, Y, Z are in period 3 of the Periodic Table. Element Y has the highest 

first ionisation energy and the lowest melting point. 

 

What could be the identities of X, Y and Z ? 

A sodium, magnesium, aluminium 

B magnesium, aluminium, silicon 

C aluminium, silicon, phosphorus 

D silicon, phosphorus, sulphur 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Which equation represents the second ionisation energy of an element X? 

A X(g) → X
2+

(g) + 2e
–

 

B X
+

(g) → X
2+

(g) + e
–

 

C X(g) + 2e
–

 → X
2–

(g) 

D X
–

(g) + e
–

 → X
2–

(g) 

 

 

2 Which factor helps to explain why the first ionisation energies of the Group I elements decrease 

from lithium to sodium to potassium to rubidium? 

A The nuclear charge of the elements increases. 

B The outer electron is in an ‘s’ subshell. 

C The repulsion between spin-paired electrons increases. 

D The shielding effect of the inner shells increases. 

 

 

3 In the extraction of aluminium by the electrolysis of molten aluminium oxide, why is cryolite added 

to the aluminium oxide? 

A to ensure the aluminium is not oxidised 

B to ensure the anode is not oxidised 

C to lower the melting point of the aluminium oxide 

D to prevent corrosion of the cathode 

 

 

4 In flooded soils, like those used for rice cultivation, the oxygen content is low. In such soils, 

anaerobic bacteria cause the loss of nitrogen from the soil as shown in the following sequence. 

 

In which step is the change in oxidation number (oxidation state) of nitrogen different to the 

changes in the other steps? 

 

NO3
–(aq)

A
NO2

–(aq)
B

NO(g)
C

N2O(g) N2(g)
D

 

 

 

 

8 

© UCLES 2010 9701/11/M/J/10  

18 Which element of the third period requires the least number of moles of oxygen for the complete 

combustion of 1 mol of the element? 

A aluminium 

B magnesium 

C phosphorus 

D sodium 

 

 

19 Two properties of non-metallic elements and their atoms are as follows. 

 

property 1 has an oxide that can form a strong acid in water 

property 2 has no paired 3p electrons 

 

Which properties do phosphorus and sulfur have? 

 

 phosphorus sulfur 

A 1 and 2  1 only 

B 1 only 1 and 2  

C 1 and 2 1 and 2 

D 2 only 1 only 

 

 

20 When gaseous chemicals are transported by road or by rail they are classified as follows. 

 

flammable non-flammable poisonous 

 

Which commonly transported gas is non-flammable? 

A butane 

B hydrogen 

C oxygen 

D propene 
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14  The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What is element X? 

A sodium 

B magnesium 

C aluminium 

D phosphorus 

 

 

15  Aluminium chloride sublimes at 178 oC. 

 

Which structure best represents the species in the vapour at this temperature? 

 

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Al   + 3Cl Al 
3+(Cl 

–)3

A B C D

 

 

 

16 Use of the Data Booklet is relevant to this question. 

 

What mass of solid residue can be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 

 

 

17  What happens when chlorine is bubbled through aqueous potassium iodide? 

A Chlorine is oxidised to chloride ions. 

B Hydrochloric acid is formed. 

C Iodide ions are oxidised to iodine. 

D Potassium iodide is reduced to iodine. 

 

 

18  The emissions from a power station contain about 14 tonnes of SO2 per hour from the oxidation 

of FeS2 contained in the coal. 

 

What is the most practical way of preventing the SO2 from being released into the atmosphere? 

A Cool the gases and the SO2 will liquefy and can be removed. 

B Dissolve the ionic FeS2 in hexane. 

C Pass the emissions through a bed of calcium oxide. 

D Pass the gases through concentrated sulphuric acid to dissolve the SO2. 
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7  Iodine trichloride, ICl3, is made by reacting iodine with chlorine. 

 

I2(s) + Cl2(g) → 2ICl(s)  ;  ∆H o = +14 kJ mol
–1

 

 

ICl(s) + Cl2(g) → ICl3(s)  ;  ∆H o = –88 kJ mol
–1

 

 

By using the data above, what is the enthalpy change of the formation for solid iodine trichloride? 

A –60 kJ mol
–1

 

B –74 kJ mol
–1

 

C –81 kJ mol
–1

 

D –162 kJ mol
–1

 

 

 

8  In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in 

molten cryolite? 

A to reduce the very high melting point of the electrolyte 

B cryolite provides the ions needed to carry the current 

C cryolite reacts with the aluminium oxide to form ions 

D molten aluminium oxide alone would not conduct electricity 

 

 

9  A cheap carbon monoxide detector for a gas heater consists of a patch containing palladium 

chloride crystals. When carbon monoxide is present, the crystals turn from orange to black as the 

following reaction takes place. 

 

CO(g) + PdCl2(s) + H2O(l) → CO2(g) + Pd(s) + 2HCl(aq) 

orange black 

 

Which is the element whose oxidation number decreases in this reaction? 

A carbon 

B chlorine 

C hydrogen 

D palladium 
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–1

 

 

ICl(s) + Cl2(g) → ICl3(s)  ;  ∆H o = –88 kJ mol
–1

 

 

By using the data above, what is the enthalpy change of the formation for solid iodine trichloride? 
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8  In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in 

molten cryolite? 

A to reduce the very high melting point of the electrolyte 

B cryolite provides the ions needed to carry the current 

C cryolite reacts with the aluminium oxide to form ions 

D molten aluminium oxide alone would not conduct electricity 

 

 

9  A cheap carbon monoxide detector for a gas heater consists of a patch containing palladium 

chloride crystals. When carbon monoxide is present, the crystals turn from orange to black as the 

following reaction takes place. 

 

CO(g) + PdCl2(s) + H2O(l) → CO2(g) + Pd(s) + 2HCl(aq) 

orange black 

 

Which is the element whose oxidation number decreases in this reaction? 

A carbon 

B chlorine 

C hydrogen 

D palladium 
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13  

conical flask

burette

 

 

Which of these acid-base (neutralisation) reactions could be titrated using the apparatus shown 

above to give a sharp end-point? 

A sulphuric acid and aluminium oxide 

B sulphuric acid and magnesium hydroxide 

C sulphuric acid and magnesium oxide 

D sulphuric acid and sodium hydroxide 

 

 

14 The species Ar, K
+

 and Ca
2+

 are isoelectronic (have the same number of electrons). 

 

 

 In what order do their radii increase? 

 

 smallest  largest 

A Ar  Ca
2+

  K
+

  

B Ar  K
+

  Ca
2+

  

C Ca
2+

  K
+

  Ar  

D K
+

  Ar  Ca
2+
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15 Which element has the same oxidation number in all of its known compounds?

A beryllium

B chlorine

C nitrogen

D sulphur

16 Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding

compounds are very similar.

Which statement concerning the reactions of lithium and its compounds is correct?

A Lithium carbonate decomposes on heating at a relatively low temperature, forming lithium

oxide and carbon dioxide.

B Lithium nitrate decomposes on heating, forming lithium nitrite and oxygen.

C Lithium only burns slowly in oxygen.

D Lithium reacts violently with cold water, liberating hydrogen.

17 Which statement is most likely to be true for astatine, which is below iodine in Group VII of the

Periodic Table?

A Astatine and aqueous potassium chloride react to form aqueous potassium astatide and

chlorine.

B Potassium astatide and hot dilute sulphuric acid react to form white fumes of only hydrogen

astatide.

C Silver astatide reacts with dilute aqueous ammonia in excess to form a solution of a soluble

complex.

D Sodium astatide and hot concentrated sulphuric acid react to form astatine.

18 Use of the Data Booklet is relevant to this question.

In the commercial electrolysis of brine, the products are chlorine, hydrogen and sodium

hydroxide.

What is the maximum yield of each of these products when 58.5 kg of sodium chloride are

electrolysed as brine?

yield of

chlorine / kg

yield of

hydrogen / kg

yield of

sodium hydroxide / kg

A 35.5 1 40

B 35.5 2 40

C 71 1 40

D 71 2 80
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8 When ammonia is converted into nitric acid on a commercial scale, the following reactions can
occur.

In which reaction does the greatest change in oxidation number of the nitrogen occur?

9 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process
for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al2O3, and
cryolite, Na3AlF6.

What is the main purpose of the cryolite?

A Al2O3 is covalent, and AlF ions interact with it to produce Al3+ ions which can be 
discharged at the cathode.

B Cryolite is a base, forming NaAlO2 with bauxite, enabling aluminium to be discharged at the
anode.

C Cryolite reduces the melting point of the bauxite.

D Cryolite minimises the release of O2– ions at the graphite anodes, which are otherwise burnt
away to CO.

10 When 0.20 mol of hydrogen gas and 0.15 mol of iodine gas are heated at 723 K until equilibrium is
established, the equilibrium mixture is found to contain 0.26 mol of hydrogen iodide.

The equation for the reaction is as follows.

H2(g) + I2(g)         2HI(g)

What is the correct expression for the equilibrium constant Kc?

A

B

C

D (0.26)2
–––––––––
0.13 x 0.13

(0.26)2
–––––––––
0.07 x 0.02

(2 x 0.26)2
–––––––––
0.20 x 0.15

2 x 0.26–––––––––
0.20 x 0.15

3–
6

reaction

A 4NH3 + 5O2 → 4NO + 6H2O

B 3NO2 + H2O → 2HNO3 + NO

C 2NO + O2 → 2NO2

D 4NH3 + 6NO → 5N2 + 6H2O
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11 In the diagram, curve X was obtained by observing the decomposition of 100 cm
3

 of 1.0 mol dm
–3

 

hydrogen peroxide, catalysed by manganese(IV) oxide. 

 

volume of
oxygen
formed

0
0 time

Y
X

 

 

Which alteration to the original experimental conditions would produce curve Y? 

A adding water 

B adding some 0.1 mol dm
–3

 hydrogen peroxide 

C using less manganese(IV) oxide 

D lowering the temperature 

 

 

12  Which chlorine compound has bonding that can be described as ionic with some covalent 

character? 

A NaCl B MgCl2 C AlCl3 D SiCl4 

 

 

13  Al Cl3  reacts with LiAl H4  and (CH3 )3 N to give (CH3 )3 NAl H3 . 

 

Which statement about (CH3 )3 NAl H3  is correct? 

A It contains hydrogen bonding. 

B It is dimeric. 

C The Al atom has an incomplete octet of electrons. 

D The bonds around the Al atom are tetrahedrally arranged. 
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12 Four reactions of the type shown are studied at the same temperature.

X (g) + Y (g) ! Z (g)

Which is the correct reaction pathway diagram for the reaction that would proceed most rapidly

and with good yield?

13 Which of these equations represents the reaction of sulphur dioxide with an excess of aqueous

sodium hydroxide?

A SO2 + NaOH ! NaHSO3

B SO2 + 2NaOH ! Na2SO3 + H2O

C SO2 + 2NaOH ! Na2SO4 + H2O

D SO2 + 2NaOH ! Na2SO4 + H2

14 Which ion is most polarising?

A Al 3+

B Ba
2+

C Mg
2+

D Na
+

energy

reactant product

energy

reactant product

energy

reactant product

energy

reactant product

A B

C D
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15  Which of the following is not a correct statement about iodine? 

A A crystal of iodine contains covalent bonds and van der Waals’ forces. 

B Iodine vapour is purple. 

C The first ionisation energy of iodine is less than that of bromine. 

D The hydride of iodine is of greater thermal stability than that of bromine. 

 

 

16  Mixing aqueous silver nitrate and aqueous sodium chloride produces a precipitate. 

 

Addition of which reagent to the mixture gives a colourless solution? 

A aqueous ammonia 

B aqueous potassium iodide 

C dilute hydrochloric acid 

D dilute nitric acid 

 

 

17  Which is the complete list of all the products from the reaction of concentrated sulphuric acid with 

potassium bromide? 

A potassium hydrogensulphate and hydrogen bromide 

B potassium hydrogensulphate, hydrogen bromide and bromine 

C potassium hydrogensulphate, hydrogen bromide, bromine and water 

D potassium hydrogensulphate, hydrogen bromide, bromine, water and sulphur dioxide 

 

 

18 Sulphur dioxide is an important food preservative. 

 

Which property makes sulphur dioxide useful in this role? 

A It is a gas. 

B It is a reducing agent. 

C It reacts with oxygen to form sulphur trioxide. 

D It reacts with water to form an acidic solution. 
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11 Why is ethanoic acid a stronger acid in liquid ammonia than in aqueous solution?

A Ammonia is a stronger base than water.

B Ammonium ethanoate is completely ionised in aqueous solution.

C Ammonium ethanoate is strongly acidic in aqueous solution.

D Liquid ammonia is a more polar solvent than water.

12 It is often said that the rate of a typical reaction is roughly doubled by raising the temperature by
10°C. 

What explains this observation?

A Raising the temperature by 10°C doubles the average energy of each molecule.

B Raising the temperature by 10°C doubles the average velocity of the molecules.

C Raising the temperature by 10°C doubles the number of molecular collisions in a given time.

D Raising the temperature by 10°C doubles the number of molecules having more than a
certain minimum energy.

13 A mixture of the oxides of two elements of the third period is dissolved in water. The solution is
approximately neutral.

What could be the constituents of the mixture?

A Al2O3 and MgO

B Na2O and MgO

C Na2O and P4O10

D SO3 and P4O10

14 Aluminium chloride catalyses certain reactions by forming carbocations (carbonium ions) with
chloroalkanes as shown.

RCl + AlCl3 → R+ + AlCl–4

Which property makes this reaction possible?

A AlCl3 is a covalent molecule.

B AlCl3 exists as the dimer Al2Cl6 in the vapour.

C The aluminium atom in AlCl3 has an incomplete octet of electrons.

D The chlorine atom in RCl has a vacant p orbital.
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12 Four reactions of the type shown are studied at the same temperature.

X (g) + Y (g) ! Z (g)

Which is the correct reaction pathway diagram for the reaction that would proceed most rapidly

and with good yield?

13 Which of these equations represents the reaction of sulphur dioxide with an excess of aqueous

sodium hydroxide?

A SO2 + NaOH ! NaHSO3

B SO2 + 2NaOH ! Na2SO3 + H2O

C SO2 + 2NaOH ! Na2SO4 + H2O

D SO2 + 2NaOH ! Na2SO4 + H2

14 Which ion is most polarising?

A Al 3+

B Ba
2+

C Mg
2+

D Na
+

energy

reactant product

energy

reactant product

energy

reactant product

energy

reactant product

A B

C D

 

8  

© UCLES 2011 9701/12/M/J/11  

15 The diagram shows the first ionisation energies of 11 consecutive elements. 

 

X Y

atomic number

first
ionisation
energy
/ kJ mol–1

 

 

Which type of elements are labelled X and Y ? 

A Group I metals 

B Group II metals 

C halogens 

D noble gases 

 

 

16  Why does aluminium oxide dissolve in sodium hydroxide solution? 

A Aluminium oxide can behave as a base. 

B Aluminium oxide can behave as an acid. 

C Aluminium oxide has a giant structure. 

D The bonding in aluminium oxide is ionic. 

 

 

17 Concentrated sulfuric acid can behave both as a strong acid and as an oxidising agent. 

 

With which compound does concentrated sulfuric acid react in this way? 

A ethanol 

B magnesium carbonate 

C propanenitrile 

D sodium bromide 
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11 0.144 g of an aluminium compound X react with an excess of water, to produce a gas. This gas 

burns completely in O2 to form H2O and 72 cm
3

 of CO2 only. The volume of CO2 was measured at 

room temperature and pressure. 

 

What could be the formula of X? 

[C = 12.0, Al = 27.0; 1 mole of any gas occupies 24 dm
3

 at room temperature and pressure] 

A Al 2C3 B Al 3C4 C Al 4C3 D Al 5C3 

 

 

12  Use of the Data Booklet is relevant to this question. 

 

Which element is likely to have an electronegativity similar to that of aluminium? 

A barium 

B beryllium 

C magnesium 

D strontium 

 

 

13  In 1999, researchers working in the USA believed that they had made a new element and that it 

had the following electronic configuration. 

 

[Rn] 5f
14

6d
10

7s
2

7p
6

 

 

In which Group of the Periodic Table would you expect to find this element? 

A II B IV C VI D 0 
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12  Hydrazine, N
2
H

4
, is widely used as a rocket fuel because it reacts with oxygen as shown, 

producing ‘environmentally friendly’ gases. 

 

N
2
H

4
(l) + O

2
(g) → N

2
(g) + 2H

2
O(g) ∆H = –534 kJ mol

–1

 

 

Despite its use as a rocket fuel, hydrazine does not burn spontaneously in oxygen. 

 

Which statement explains why hydrazine does not burn spontaneously? 

A Hydrazine is a liquid. 

B The activation energy is too high. 

C The N N bond is very strong. 

D The reaction is exothermic. 

 

 

13  0.02 mol of aluminium is burned in oxygen and the product is reacted with 2.00 mol dm
–3

 

hydrochloric acid. 

 

What minimum volume of acid will be required for complete reaction? 

A 15 cm
3

 B 20 cm
3

 C 30 cm
3

 D 60 cm
3

 

 

 

14  Steam is passed over heated magnesium to give compound X and hydrogen. 

 

What is not a property of compound X? 

A It has an M
r
 of 

 
40.3. 

B It is basic. 

C It is a white solid. 

D It is very soluble in water. 
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15 The diagram shows the first ionisation energies of 11 consecutive elements. 

 

X Y

atomic number

first
ionisation
energy
/ kJ mol–1

 

 

Which type of elements are labelled X and Y ? 

A Group I metals 

B Group II metals 

C halogens 

D noble gases 

 

 

16  Why does aluminium oxide dissolve in sodium hydroxide solution? 

A Aluminium oxide can behave as a base. 

B Aluminium oxide can behave as an acid. 

C Aluminium oxide has a giant structure. 

D The bonding in aluminium oxide is ionic. 

 

 

17 Concentrated sulfuric acid can behave both as a strong acid and as an oxidising agent. 

 

With which compound does concentrated sulfuric acid react in this way? 

A ethanol 

B magnesium carbonate 

C propanenitrile 

D sodium bromide 
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17 Why do the halogens become less volatile as Group VII is descended? 

A The halogen-halogen bond energy decreases. 

B The halogen-halogen bond length increases. 

C The number of electrons in each molecule increases. 

D The van der Waals’ forces between molecules become weaker. 

 

 

18 Total removal of the pollutant sulfur dioxide, SO2, is difficult, both for economic and technical 

reasons. The quantities emitted from furnace chimneys can be lowered by using desulfurisation 

plants. The gases are scrubbed (washed) with calcium hydroxide to remove the SO2. 

 

What is the main product formed initially? 

A Ca(HSO4)2 B CaS C CaSO3 D CaSO4 

 

 

19 Which reaction is endothermic? 

A 2HBr → H2 + Br2 

B N2 + 3H2 → 2NH3 

C 2SO2 + O2 → 2SO3 

D SO3 + H2O → H2SO4 

 

 

 

6  

© UCLES 2011 9701/11/O/N/11  

13  Which element shows the greatest tendency to form some covalent compounds? 

A aluminium 

B magnesium 

C neon 

D potassium 

 

 

14  Use of the Data Booklet is relevant to this question. 

 

A significant contribution to atmospheric carbon dioxide levels comes from the thermal 

decomposition of limestone, in the manufacture of cement and of lime for agricultural purposes. 

 

Cement works roast 1000 million tonnes of limestone per year and a further 200 million tonnes is 

roasted in kilns to make lime. 

 

What is the total annual mass output of carbon dioxide (in million tonnes) from these two 

processes? 

A 440 B 527 C 660 D 880 

 

 

15  Use of the Data Booklet is relevant to this question. 

 

A 5.00 g sample of an anhydrous Group II metal nitrate loses 3.29 g in mass when heated 

strongly. 

 

Which metal is present? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

16  Aqueous sodium chloride (brine) is electrolysed by using inert electrodes in a cell which is stirred 

so that products of electrolysis react with each other. The cell is kept cold. 

 

Which pair of substances is among the major products? 

A hydrogen and chlorine 

B hydrogen and sodium chlorate(I) 

C hydrogen and sodium chlorate(V) 

D sodium hydroxide and chlorine 
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14 The highest oxides of the elements sodium to chlorine are separately added to water. 

 

Which diagram best represents the pH of the resulting mixtures? 

 

A 

Na2OMgO
Al 2O3

SiO2

P4O10
SO3

Cl 2O7 Na2OMgO
Al 2O3

SiO2

P4O10
SO3

Cl 2O7

Na2OMgO
Al 2O3

SiO2

P4O10
SO3

Cl 2O7 Na2OMgO
Al 2O3

SiO2

P4O10
SO3

Cl 2O7

B 

C D

pH

pH pH 

pH
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18 Elements X and Y are both in period three. 

 

When the chloride of X is added to water, it reacts and a solution of pH 2 is produced. 

 

When the chloride of Y is added to water, it dissolves and a solution of pH 7 is produced. 

 

Which statement explains these observations? 

A Both chlorides hydrolyse in water. 

B X is phosphorus and Y is aluminium. 

C X is silicon and Y is sodium. 

D X is sodium and Y is phosphorus. 

 

 

19 Which diagram shows the variation of the metallic radius r of the Group I elements, Li, Na, K and 

Rb, with increasing proton (atomic) number? 

 

r 

proton number 

A 

r 

proton number 

B 

r 

proton number 

C 

r 

proton number 

D 

 

 

 

20 Carvone is found in spearmint. 

 

C 

C 
C 

C 

CH2 

H3C 

H2C 

CH2 

CH3 

C 

H 

HO 

carvone
 

 

How many σ and π bonds are present in this molecule? 

 

 σ π 

A 13 3 

B 22 3 

C 22 6 

D 25 3 

 

 

6  

© UCLES 2012 9701/13/O/N/12  

14  Use of the Data Booklet is relevant to this question. 

 

When 3.00 g of an anhydrous nitrate of a Group II metal is decomposed, 1.53 g of gas is 

produced. 

 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

15  The reaction between KI and concentrated H
2
SO

4
 is a redox reaction. 

 

5H
2
SO

4
  +  8KI  →  4K

2
SO

4
  +  4I

2
  +  H

2
S  +  4H

2
O 

 

What is the change in oxidation state of the element that is reduced? 

A 1 B 4 C 6 D 8 

 

 

16  Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

17 In the Haber process, the reaction between the two gaseous reactants requires the use of a 

catalyst that contains a transition element. 

 

What is the metal and in what mole ratio do the gases react? 

 

 metal mole ratio 

A Fe 1 : 2 

B Fe 1 : 3 

C V 1 : 2 

D V 1 : 3 

 

 

18  Which oxide, when mixed with water, will produce the solution with the lowest pH? 

A CO
2
 B Na

2
O C P

4
O

10
 D SiO

2
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11 Which process could be used to calculate the bond energy for the covalent bond X-Y by dividing 

its ∆H by n? 

A XYn(g) → X(g) + nY(g) 

B 2XYn (g) → 2XYn-1 (g) + Y2 (g) 

C Y(g) + XYn-1 (g) → XYn(g) 

D nXY(g) → nX(g) + 
2

n

Y2 (g) 

 

 

12 In which pair do the molecules have the same shape as each other? 

A H2 O and CO2  

B H2 O and SCl 2  

C NH3  and BH3  

D SCl 2  and BeCl 2  
 

 

13 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

14 What are the trends in the stated properties as Group II is descended from magnesium to 

barium? 

 

 

decomposition 

temperature of the 

carbonate 

first ionisation energy 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
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10 The enthalpy change of the neutralisation given below is –114 kJ mol
–1

. 

 

2NaOH(aq) + H
2
SO

4
(aq) → Na

2
SO

4
(aq) + 2H

2
O(l) 

 

By using this information, what is the most likely value for the enthalpy change of the following 

neutralisation? 

 

Ba(OH)
2
(aq) + 2HCl(aq) → BaCl

2
(aq) + 2H

2
O(l) 

A –57 kJ mol
–1

 B –76 kJ mol
–1

 C –114 kJ mol
–1

 D –228 kJ mol
–1

 

 

 

11 Which molecule is planar? 

A C
2
Cl 

4
 B C

3
H

6
 C C

3
H

8
 D NF

3
 

 

 

12 Use of the Data Booklet is relevant to this question. 

 Why is the ionic radius of a sulfide ion larger than the ionic radius of a potassium ion? 

A Ionic radius always decreases with increasing atomic number. 

B Positive ions have smaller radii than negative ions. 

C The potassium ion has more protons in its nucleus than the sulfide ion. 

D The sulfide ion is doubly charged; the potassium ion is singly charged. 

 

 

13 Mohr’s salt is a pale green crystalline solid which is soluble in water. It contains two cations, one 

of which is Fe
2+

 and one anion which is SO
4

2–

. 

 

The identity of the second cation was determined by heating solid Mohr’s salt with solid sodium 

hydroxide and a colourless gas was evolved. The gas readily dissolved in water giving an alkaline 

solution.  

 

A grey-green solid residue was also formed which was insoluble in water. 

 

What are the identities of the gas and the solid residue? 

 

 gas residue 

A NH
3
 Fe(OH)

2
 

B NH
3
 Na

2
SO

4
 

C SO
2
 Fe(OH)

2
 

D SO
2
 Na

2
SO

4
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10 Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe how sulfur dioxide dissolves. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

11 Butanedioate ions can be dehydrogenated to form trans-butenedioate ions. The enzyme 

fumarase speeds up this reaction. 

 

Why does fumarase speed up this reaction? 

A Fumarase is a protein. 

B Fumarase is effective at body temperature. 

C Fumarase lowers the activation energy of the dehydrogenation reaction. 

D The enzyme fumarase is specific for this dehydrogenation reaction. 

 

 

12 An aqueous solution was prepared containing 1.0 mol of AgNO3 and 1.0 mol of FeSO4 in 1.00 dm
3

 

of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in the mixture. 

 

Ag
+

(aq) + Fe
2+

(aq)  Ag(s) + Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.35 B 0.62 C 1.62 D 2.89 

 

 

13 Which element shows the greatest tendency to form some covalent compounds? 

A aluminium 

B magnesium 

C neon 

D potassium 
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18 Elements X and Y are both in period three. 

 

When the chloride of X is added to water, it reacts and a solution of pH 2 is produced. 

 

When the chloride of Y is added to water, it dissolves and a solution of pH 7 is produced. 

 

Which statement explains these observations? 

A Both chlorides hydrolyse in water. 

B X is phosphorus and Y is aluminium. 

C X is silicon and Y is sodium. 

D X is sodium and Y is phosphorus. 

 

 

19 Which diagram shows the variation of the metallic radius r of the Group I elements, Li, Na, K and 

Rb, with increasing proton (atomic) number? 

 

r 

proton number 

A 

r 

proton number 

B 

r 

proton number 

C 

r 

proton number 

D 

 

 

 

20 Carvone is found in spearmint. 

 

C 

C 
C 

C 

CH2 

H3C 

H2C 

CH2 

CH3 

C 

H 

HO 

carvone
 

 

How many σ and π bonds are present in this molecule? 

 

 σ π 

A 13 3 

B 22 3 

C 22 6 

D 25 3 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 In the redox reaction shown, how do the oxidation states of vanadium and sulfur change? 

 

VO2

+

  +  SO2  →  V
3+

  +  SO4

2–

 

 

vanadium sulfur 

 

from to from to 

A +1 +3 0 –2 

B +1 +3 +4 +6 

C +5 +3 0 –2 

D +5 +3 +4 +6 

 

 

2 Use of the Data Booklet is relevant to this question. 

 

 In which species are the numbers of protons, neutrons and electrons all different?  

A 
−

F

19

9
 B 

+

Na

23

11
 C P

31

15
 D 

−232

16
S  

 

 

3 The first six ionisation energies of four elements are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation energy / kJ mol
−1

  

1st 2nd 3rd 4th 5th 6th 

A 494 4 560 6 940 9 540 13 400 16 600 

B 736 1 450 7 740 10 500 13 600 18 000 

C 1 090 2 350 4 610 6 220 37 800 47 000 

D 1 400 2 860 4 590 7 480 9 400 53 200 
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16  The trends in three physical properties of the elements Na, Mg, Al, Si, P and S are shown in the 

graphs. 

 

Na Mg Si P SAl
0

Na Mg Si P SAl
0

Na Mg Si P SAl
0

 

 

Which physical property is not illustrated? 

A atomic radius 

B electrical conductivity 

C first ionisation energy 

D melting point 

 

 

17  Which statement about ammonia is completely correct? 

A Ammonia acts as a nucleophile by accepting a pair of electrons when it reacts with 

bromoethane. 

B Ammonia can form a co-ordinate bond with a hydrogen ion to form an ammonium ion. 

C Ammonia is a base and accepts hydroxide ions. 

D The shape of the ammonia molecule is pyramidal with bond angles of 109.5°. 

 

 

18  What happens when bromine solution is added to a solution of sodium iodide? 

A A reaction occurs without changes in oxidation state. 

B Bromine atoms are oxidised, iodide ions are reduced. 

C Bromine atoms are reduced, iodide ions are oxidised. 

D No reaction occurs. 
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19 Deposits of ammonium sulfate have been discovered in areas of high atmospheric pollution. 

 

They are believed to arise from the following reaction. 

 

SO
3
 + H

2
O + 2NH

3
 → (NH

4
)
2
SO

4
 

 

What does not occur in this reaction? 

A acid / base neutralisation 

B dative bond formation 

C ionic bond formation 

D oxidation / reduction 

 

 

20 An organic compound X 

 

● is unaffected by hot acidified potassium manganate(VII), 

● reacts with ethanoic acid in the presence of concentrated sulfuric acid. 

 

What is compound X? 

A CH
3
CO

2
C

2
H

5
 

B CH
3
CH

2
COCH

3
 

C (CH
3
)
3
COH 

D CH
3
CH

2
CHOHCH

3
 

 

 

21 The diagram shows a molecule that has σ bonds and π bonds. 

 

C

O

OCH2CH2 CH2 CH2CHCH
 

 

How many σ bonds are present in this molecule? 

 A 15 B 17  C 18  D 21 
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15  Ammonia exists as simple covalent molecules, NH3. Ammonia can react with suitable reagents to 

form products containing ammonium ions, NH4

+

. Ammonia can also react with suitable reagents 

to form products containing amide ions, NH2

–

. 

 

Which of these nitrogen-containing species are present in an aqueous solution of ammonia? 

A ammonia molecules, ammonium ions and amide ions 

B ammonia molecules and ammonium ions only 

C ammonia molecules only 

D ammonium ions only 

 

 

16  Carbon, nitrogen and sulfur are non-metals. 

 

Which statement about their oxides, XO2, is correct? (Where X represents carbon, nitrogen or 

sulfur.) 

A All of the XO2 molecules are linear. 

B In XO2, each element has its highest oxidation number. 

C All XO2 molecules dissolve in water to form dibasic acids. 

D All XO2 molecules are formed as a result of burning petrol in a car engine. 

 

 

17 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process 

for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al 2O3, and 

cryolite, Na3Al F6. 

 

What is the main purpose of the cryolite? 

A Al 2O3 is covalent, and Al F6

3–

 ions interact with it to produce Al 3+

 ions which can be 

discharged at the cathode. 

B Cryolite is a base, forming NaAl O2 with bauxite, enabling aluminium to be discharged at the 

anode. 

C Cryolite minimises the release of O
2–

 ions at the graphite anodes, which are otherwise burnt 

away to CO. 

D Cryolite reduces the melting point of the bauxite. 

 

 

2 In which reaction does a single nitrogen atom have the greatest change in oxidation number? 

A 4NH3  +  5O2  →  4NO  +  6H2O 

B 3NO2  +  H2O  →  2HNO3  +  NO 

C 2NO  +  O2  →  2NO2 

D 4NH3  +  6NO  →  5N2  +  6H2O 

 

 

3 The following half reactions occur when potassium iodate(V), KIO3, in hydrochloric acid solution 

oxidises iodine to ICl 2–

. 

 

IO3

–

  +  2Cl –  +  6H
+

  +  4e
–

  →  ICl 2–

  +  3H2O 

I2  +  4Cl –  →  2ICl 2–

  +  2e
–

 

 

What is the ratio of IO3

–

 to I2 in the balanced chemical equation for the overall reaction? 

A 1 : 1 B 1 : 2 C 1 : 4 D 2 : 1 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

In which set do all species contain the same number of electrons? 

A Co
2+

, Co
3+

, Co
4+

 

B F
–

, Br –, Cl
 –

 

C Na
+

, Mg
2+

, Al 3+

 

D K2SO4, K2SeO4, K2TeO4 
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12 Use of the Data Booklet is relevant to this question. 

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The reaction produces the metal oxides and nitrogen. 

 

10Al  +  3Ba(NO3)2  →  5Al 2O3  +  3BaO  +  3N2 

 

Which mass of barium oxide is produced when 5.40 g of aluminium powder reacts with an excess 

of anhydrous barium nitrate? 

A 1.62 g B 3.06 g C 9.18  g D 10.2 g 

 

 

13 The diagram shows some applications of compounds of Group II elements. 

 

calcium
carbonate

magnesium
oxide

used as a refractory lining
in furnaces or kilns

used as a
building material

used to manufacture an
agricultural chemical to

adjust soil pH

1

2

3

4

5

6

 

 

Which numbered links are correct? 

 

 calcium carbonate magnesium oxide 

A 1, 2 and 3 4 and 5 only 

B 1, 2 and 3 5 and 6 only 

C 2 and 3 only 4 only 

D 2 and 3 only 6 only 

 

 

14 River water in a chalky agricultural area may contain Ca
2+

, Mg
2+

, CO3

2–

, HCO3

–

, Cl − and NO3

–

 

ions. In a water treatment plant, such water is treated by adding a calculated quantity of calcium 

hydroxide. 

 

What will be precipitated from the river water following the addition of calcium hydroxide? 

A CaCl 2 B CaCO3 C Ca(NO3)2 D Mg(NO3)2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Ammonium nitrate, NH4NO3, can decompose explosively when heated. 

 

NH4NO3  →  N2O  +  2H2O 

 

What are the changes in the oxidation numbers of the two nitrogen atoms in NH4NO3 when this 

reaction proceeds? 

A –2, –4 B +2, +6 C +4, –6 D +4, –4 

 

 

2 In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in 

molten cryolite? 

A to reduce the very high melting point of the electrolyte 

B cryolite is a base; aluminium oxide is amphoteric 

C cryolite reacts with the aluminium oxide to form ions 

D molten aluminium oxide alone would not conduct electricity 

 

 

3 A 10 cm
3

 sample of 0.30 mol dm
–3

 Tl +NO3

–

 required 20 cm
3

 of 0.10 mol dm
–3

 acidified NH4VO3 to 

oxidise it to Tl 3+

 in solution. Vanadium is the only element reduced in this reaction. 

 

What is the oxidation number of the vanadium in the reduced form? 

A +1 B +2 C +3 D +4 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Element X forms X
–

 ions that can be oxidised to element X by acidified potassium 

manganate(VII). 

 

What could be the values of the first four ionisation energies of X? 

 

 1st 2nd 3rd 4th 

A 418 3070 4600 5860 

B 577 1820 2740 11 600 

C 590 1150 4940 6480 

D 1010 1840 2040 4030 
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18 The graph below shows the variation of the first ionisation energy with the number of protons for 

some elements. 

 

first ionisation
energy / kJ mol–1

proton number

Q

R

S

T

U

V
W

X

Y

 

 

Which statement is correct? 

A Elements Q and Y are in the same period in the Periodic Table. 

B The general increase from elements R to Y is due to increasing atomic radius. 

C The small decrease between elements S and T is due to decreased shielding. 

D The small decrease between elements V and W is due to repulsion between paired 

electrons. 

 

 

19 Use of the Data Booklet is relevant to this question. 

 

Elements J and K react together to form compound L. Elements J and K are both in Period 3. 

Element J has the smallest atomic radius in Period 3. There are only two elements in Period 3 

which have a lower melting point than element K. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

20 Which diagram gives the skeletal formula of 2-bromopentan-4-ol? 

 

A

Br

OH

BrOH Br

OH

B C D

Br OH
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18  Transition metals and their compounds are used as catalysts. 

 

Which row is correct? 

 

 

transition metal present 

in the catalyst used in 

the Contact process 

transition metal present 

in the catalyst used in 

the Haber process 

A iron iron 

B iron vanadium 

C vanadium iron 

D vanadium vanadium 

 

 

19  Consecutive elements X, Y and Z are in the third period of the Periodic Table. Element Y has the 

highest first ionisation energy and the lowest melting point of these three elements. 

 

What could be the identities of X, Y and Z? 

A sodium, magnesium, aluminium 

B magnesium, aluminium, silicon 

C aluminium, silicon, phosphorus 

D silicon, phosphorus, sulfur 

 

 

20  A new industrial preparation of ethyl ethanoate has been developed using cheap sources of 

ethanol. 

 

CH3CH2OH CH3CH(OH)OCH2CH3

CH3CO2CH2CH3

CH3CHO
Cu catalyst

–2[H]
Cu catalyst

–2[H]

Cu catalyst

+ CH3CH2OH

 

 

Which process is involved at some stage in this reaction sequence? 

A electrophilic addition 

B nucleophilic addition 

C nucleophilic substitution 

D reduction 
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7  The Contact process is used in the manufacture of sulfuric acid. The equation for the main 

reaction is shown below. 

 

 2SO
2
(g)  +  O

2
(g)    2SO

3
(g) ∆H = –196 kJ mol

–1

 

 

Which statement about this reaction is incorrect? 

A Increased pressure gives a higher yield of SO
3
. 

B Increased temperature gives a higher yield of SO
3
. 

C In the forward reaction the oxidation state of sulfur changes from +4 to +6. 

D Vanadium(V) oxide is used as a catalyst. 

 

 

8  When making sparkler fireworks, a mixture of barium nitrate powder with aluminium powder, 

water and glue is coated onto wires and allowed to dry. At this stage, the following exothermic 

reaction may occur. 

 

16Al  +  3Ba(NO
3
)
2
  +  36H

2
O  →  3Ba(OH)

2
  +  16Al (OH)

3
  +  6NH

3
 

 

Which conditions would be best to reduce the rate of this reaction during the drying process, and 

would also keep the aluminium and barium nitrate unchanged? 

 

 temperature / K pH 

A 298 7 

B 298 14 

C 398 7 

D 398 14 

 

 

9  Which molecular structure will have the smallest overall dipole? 

 

C C 

H

A

C C 

B

C C 

C

C C 

D
H3 C H3 C CH3

CH3

Cl Cl ClCl Cl

ClH3 C H3 C H3 CClCl H2 C
 

 

 

10  The equilibrium constant, K
c
, for the reaction H

2
(g)  +  I

2
(g)    2HI(g), is 60 at 450 °C. 

 

What is the number of moles of hydrogen iodide in equilibrium with 2 mol of hydrogen and 0.3 mol 

of iodine at 450 °C? 

A 

100

1

 B 

10

1

 C 6 D 36 
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4 The table shows the physical properties of four substances. 

 

Which substance has a giant covalent structure? 

 

 

melting point 

/ °C 

boiling point 

/ °C 

electrical 

conductivity 

of solid 

electrical 

conductivity 

of liquid 

electrical 

conductivity 

of aqueous 

solution 

A –119 39 poor poor insoluble 

B –115 –85 poor poor good 

C 993 1695 poor good good 

D 1610 2230 poor poor insoluble 

 

 

5 A student mixed 25.0 cm
3

 of 0.350 mol dm
–3

 sodium hydroxide solution with 25.0 cm
3

 of 

0.350 mol dm
–3

 hydrochloric acid. The temperature rose by 2.50 °C. Assume that no heat was lost 

to the surroundings. 

 

The final mixture had a specific heat capacity of 4.20 J cm –3 K–1

. 

 

What is the molar enthalpy change for the reaction? 

A –150 kJ mol
–1

 

B –60.0 kJ mol
–1

 

C –30.0 kJ mol
–1

 

D –0.150 kJ mol
–1

 

 

 

6 Al Cl 
3
 vapour forms molecules with formula Al 

2
Cl 

6
 as it is cooled. 

 

What happens to the bond angles during the change from Al Cl 
3
 to Al 

2
Cl 

6
? 

A Some decrease, some remain the same. 

B Some increase, some remain the same. 

C They all decrease. 

D They all increase. 
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18 The graph below shows the variation of the first ionisation energy with the number of protons for 

some elements. 

 

first ionisation
energy / kJ mol–1

proton number

Q

R

S

T

U

V
W

X

Y

 

 

Which statement is correct? 

A Elements Q and Y are in the same period in the Periodic Table. 

B The general increase from elements R to Y is due to increasing atomic radius. 

C The small decrease between elements S and T is due to decreased shielding. 

D The small decrease between elements V and W is due to repulsion between paired 

electrons. 

 

 

19 Use of the Data Booklet is relevant to this question. 

 

Elements J and K react together to form compound L. Elements J and K are both in Period 3. 

Element J has the smallest atomic radius in Period 3. There are only two elements in Period 3 

which have a lower melting point than element K. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

20 Which diagram gives the skeletal formula of 2-bromopentan-4-ol? 

 

A

Br

OH

BrOH Br

OH

B C D

Br OH
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10 Shown on the graph are the relative values of the first ionisation energies of four elements that 

have consecutive atomic numbers. 

 

One of the elements reacts with hydrogen to form a covalent compound with formula HX. 

 

Which element could be X? 

 

first
ionisation
energy
/ kJ mol–1

atomic number

A

B

C
D

 

 

 

11 The diagram shows the skeletal formula of cyclopropane. 

 

 

 

The enthalpy change of formation of cyclopropane is +53.3 kJ mol
–1

 and the enthalpy change of 

atomisation of graphite is +717 kJ mol
–1

. 

 

The bond enthalpy of H –  H is 436 kJ mol
–1

 and of C –  H is 410 kJ mol
–1

. 

 

What value for the average bond enthalpy of the C –  C bond in cyclopropane can be calculated 

from this data? 

A 187 kJ mol
–1

 B 315 kJ mol
–1

 C 351 kJ mol
–1

 D 946 kJ mol
–1

 

 

 

12 When barium is burnt in oxygen, what colour is the flame? 

A green 

B orange 

C red 

D white 
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6 In which reaction is the species in bold acting as an oxidising agent? 

A 2Ca  +  O2  →  2CaO 

B Cr2O7

2–

  +  8H
+

  +  3SO
3

2–

  →  2Cr
3+

  +  4H2O  +  3SO4

2–

 

C Mg  +  Fe
2+

  →  Mg
2+

  +  Fe 

D SO
2
  +  2H2O  +  2Cu

2+

  +  2Cl –  →  H2SO4  +  2H
+

  +  2CuCl 

 

 

7  The formation of hydrogen and ethyne, C2H2, from methane reaches dynamic equilibrium. 

 

2CH4(g)    3H2(g)  +  C2H2(g) 

 

What are the units of Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
3 dm

–9

 D mol
4 dm

–12

 

 

 

8  Which equation represents the standard enthalpy change of formation of ethanol, C2H5OH? 

A 2C(g)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

B 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(g) 

D 2C(g)  +  6H(g)  +  O(g)  →  C2H5OH(l) 

 

 

9 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 12.0 dm
3

 of oxygen, measured under room conditions, is used to burn 

completely 0.10 mol of propan-1-ol. 

 

What is the final volume of gas, measured under room conditions? 

A 7.20 dm
3

 B 8.40 dm
3

 C 16.8 dm
3

 D 18.00 dm
3
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13 When equal volumes of saturated solutions of barium hydroxide and calcium hydroxide are 

mixed, a white precipitate, Y, forms. The mixture is filtered and carbon dioxide is bubbled through 

the filtrate, producing a second white precipitate, Z. 

 

What are Y and Z? 

 

 Y Z 

A Ba(OH)
2
 Ca(OH)

2
 

B Ba(OH)
2
 CaCO

3
 

C Ca(OH)
2
 BaCO

3
 

D Ca(OH)
2
 Ba(OH)

2
 

 

 

14 What is the order of increasing melting point of the four chlorides shown? 

 

CCl 
4
          HCl          MgCl 

2
          PCl 

5
 

 

 
lowest 

melting point 
 

highest 

melting point 

A CCl 
4
 HCl PCl 

5
 MgCl 

2
 

B HCl CCl 
4
 PCl 

5
 MgCl 

2
 

C HCl PCl 
5
 CCl 

4
 MgCl 

2
 

D MgCl 
2
 PCl 

5
 CCl 

4
 HCl 

 

 

15 When calcium is burnt in oxygen, what colour is the flame? 

A green 

B red 

C white 

D yellow 

 

 

16 Which description of the bonding and acid / base nature of aluminium oxide is correct? 

 

 bonding acid / base nature 

A covalent amphoteric 

B covalent basic 

C ionic amphoteric 

D ionic basic 

 

 

 

6  

© UCLES 2014 9701/12/M/J/14  

13  X and Y are oxides of different Period 3 elements. 

 

If one mole of Y is added to water, the solution formed is neutralised by exactly one mole of X. 

 

What could be the identities of X and Y? 

 

 X Y 

A Al 2O3 P4O10 

B Al 2O3 SO3 

C Na2O P4O10 

D Na2O SO3 

 

 

14  Ammonium sulfate in the soil is slowly oxidised by air, producing sulfuric acid, nitric acid and 

water as the only products. 

 

How many moles of oxygen gas are needed for the complete oxidation of one mole of ammonium 

sulfate? 

A 1 B 2 C 3 D 4 

 

 

15  Which statement about the oxides and hydroxides of the Group II elements Mg, Ca, Sr and Ba is 

correct? 

A Each of the oxides reacts readily with water to form a solution of pH 12 or above. 

B Magnesium oxide is used as a furnace lining because it has a giant molecular structure and 

hence a high melting point. 

C The hydroxides are produced directly by the thermal decomposition of the corresponding 

nitrates. 

D The solubility of the hydroxides increases from Mg(OH)2 to Ba(OH)2. 
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15 Which substance will not be a product of the thermal decomposition of hydrated magnesium 

nitrate? 

A dinitrogen monoxide 

B magnesium oxide 

C oxygen 

D steam 

 

 

16 The species Ne, Na
+

 and Mg
2+

 are isoelectronic. This means that they have the same number of 

electrons. 

 

In which order do their radii increase? 

 

 smallest 
 

largest 

A Ne Na
+

 Mg
2+

 

B Ne Mg
2+

 Na
+

 

C Mg
2+

 Ne Na
+

 

D Mg
2+

 Na
+

 Ne 

 

 

17 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 0.6 mol of chlorine gas, Cl 2, is reacted with an excess of hot aqueous sodium 

hydroxide. One of the products is a compound of sodium, oxygen and chlorine. 

 

Which mass of this product is formed? 

A 21.3 g B 44.7 g C 63.9 g D 128 g 

 

 

18 Which properties do compounds of aluminium and silicon have in common? 

A Aqueous solutions of their chlorides contain aluminium or silicon cations. 

B Their chlorides have co-ordinate bonding. 

C Their oxides are amphoteric. 

D Their oxides are insoluble in water. 

 

 

19 When strontium is burnt in oxygen, what colour is the flame? 

A green 

B red 

C white 

D yellow 
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10 Which row correctly describes the electrodes used in the electrolysis cell for the production of 

aluminium? 

 

 anode cathode 

A carbon carbon 

B carbon steel 

C steel carbon 

D steel steel 

 

 

11 For which equation is the enthalpy change correctly described as an enthalpy change of 

formation? 

A C(g)  +  O2(g)  →  CO2(g) 

B C(s)  +  
2

1

O2(g)  →  CO(g) 

C 2N(g)  +  4O(g)  →  N2O4(g) 

D 2NO(g)  +  O2(g)  →  2NO2(g) 

 

 

12 Element X, in Period 3, has the following properties. 

 

● Its oxide has a giant structure. 

● It forms covalent bonds with chlorine. 

● Its oxide will neutralise HCl (aq). 

 

What is element X? 

A Mg B Al C Si D P 

 

 

13 Which property is not associated with the element sodium? 

A It can react with cold water to form hydrogen. 

B It forms a basic oxide. 

C It forms a neutral chloride. 

D It is an oxidising agent. 
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9 The enthalpy change of formation of Mn(NO3)2(s) is –696 kJ mol
–1

. 

The enthalpy change of formation of MnO2(s) is –520 kJ mol
–1

. 

The enthalpy change of formation of NO2(g) is +33 kJ mol
–1

. 

 

On heating, Mn(NO3)2 decomposes into MnO2 and NO2. 

 

Mn(NO3)2(s)  →  MnO2(s)  +  2NO2(g) 

 

What is the value of the standard enthalpy change of this reaction? 

A –242 kJ mol
–1

 

B –209 kJ mol
–1

 

C +209 kJ mol
–1

 

D +242 kJ mol
–1

 

 

 

10 X is an element in Period 2. 

In which fluoride is the F – X – F angle the largest? 

A BF3 B CF4 C NF3 D OF2 

 

 

11 Which reaction has an enthalpy change equal to the standard enthalpy change of formation of 

propane? 

A 3C(g)  +  4H2(g)  →  C3H8(g) 

B 3C(g)  +  8H(g)  →  C3H8(g) 

C 3C(s)  +  4H2(g)  →  C3H8(g) 

D 3C(s)  +  4H2(g)  →  C3H8(l) 

 

 

12 A student investigated the chloride of a Period 3 element. This is what he wrote down as his 

record of what he did and what he saw. 

 

The compound was a white crystalline solid. It dissolved easily in water to 

give a solution of pH 12. When placed in a test-tube and heated in a 

roaring Bunsen flame, the compound melted after several minutes heating. 

 

What can be deduced from this record? 

A At least one of the recorded observations is incorrect. 

B The compound was magnesium chloride, MgCl 2. 

C The compound was phosphorus pentachloride, PCl 5. 

D The compound was sodium chloride, NaCl. 

 

 

 

5 

© UCLES 2014 9701/11/O/N/14 [Turn over 

10 Which row correctly describes the electrodes used in the electrolysis cell for the production of 

aluminium? 

 

 anode cathode 

A carbon carbon 

B carbon steel 

C steel carbon 

D steel steel 

 

 

11 For which equation is the enthalpy change correctly described as an enthalpy change of 

formation? 

A C(g)  +  O2(g)  →  CO2(g) 

B C(s)  +  
2

1

O2(g)  →  CO(g) 

C 2N(g)  +  4O(g)  →  N2O4(g) 

D 2NO(g)  +  O2(g)  →  2NO2(g) 

 

 

12 Element X, in Period 3, has the following properties. 

 

● Its oxide has a giant structure. 

● It forms covalent bonds with chlorine. 

● Its oxide will neutralise HCl (aq). 

 

What is element X? 

A Mg B Al C Si D P 

 

 

13 Which property is not associated with the element sodium? 

A It can react with cold water to form hydrogen. 

B It forms a basic oxide. 

C It forms a neutral chloride. 

D It is an oxidising agent. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Which solid-line curve most accurately represents the distribution of molecular energies in a gas 

at 500 K if the dotted-line curve represents the corresponding distribution for the same gas at 

300 K? 

 

number of
molecules

molecular energy

A  

number of
molecules

molecular energy

B  

number of
molecules

molecular energy

C 

number of
molecules

molecular energy

D 

 

 

 

2 In which reaction does hydrogen behave as an oxidising agent? 

A H2  +  Cl 2  →  2HCl 

B C2H4  +  H2  →  C2H6 

C N2  +  3H2  →  2NH3 

D 2Na  +  H2  →  2NaH 

 

 

3 Ethanol is increasingly being used as a fuel for cars. 

 

The standard enthalpy change of formation of carbon dioxide is –393 kJ mol
–1

. 

The standard enthalpy change of formation of water is –286 kJ mol
–1

. 

The standard enthalpy change of formation of ethanol is –277 kJ mol
–1

. 

 

What is the standard enthalpy change of combustion of ethanol? 

A –1921 kJ mol
–1

 

B –1367 kJ mol
–1

 

C –956 kJ mol
–1

 

D – 402 kJ mol
–1
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 When ammonia, NH3, is produced in a school or college laboratory, it is usually dried before 

being collected. 

 

Which drying agents may be used to dry ammonia? 

1 calcium oxide, CaO 

2  phosphorus(V) oxide, P4O10 

3 concentrated sulfuric acid, H2SO4 

 

 

32  Zirconium, Zr, proton number 40, is a metal which is used in corrosion-resistant alloys. 

 

Zirconium metal is extracted from the oxide ZrO2 by the following sequence of reactions. 

 

reaction 1 ZrO2 + 2Cl 2 + 2C → ZrCl 4 + 2CO 

reaction 2 ZrCl 4 + 2Mg → Zr + 2MgCl 2 
 

Which statements about this extraction process are correct? 

1 Carbon in reaction 1 behaves as a reducing agent. 

2  Magnesium in reaction 2 behaves as a reducing agent. 

3 Chlorine in reaction 1 behaves as a reducing agent. 

 

 

33 Which statements about covalent bonds are correct? 

1 A triple bond consists of one π bond and two σ bonds. 

2  The electron density in a σ bond is highest along the axis between the two bonded atoms. 

3 A π bond restricts rotation about the σ bond axis. 
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).  

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 Which compounds have the empirical formula CH2O? 

1 methanal

2 ethanoic acid

3 methyl methanoate

32 Which of the following are features of the structure of metallic copper?

1 ionic bonds

2 delocalised electrons

3 lattice of ions

33 Which statements about the commercial extraction of aluminium are correct?

1 The cathode reaction is Al3+ + 3e– → Al.

2 The lining of the electrolytic cell acts as the cathode.

3 The electrolyte is purified Al2O3 in Na3AlF6.

34 Which of the following magnesium compounds lose mass when heated by a bunsen flame?

1 magnesium carbonate

2 magnesium nitrate

3 magnesium oxide

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

!
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).

The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

31 It is suggested that the solid deposits of ammonium compounds on the leaves of trees found in
areas of high pollution are caused by the following reaction.

2NH3 + SO3 + H2O → (NH4 )2SO4

Which of these take place in this reaction?

1 an acid-base reaction

2 ionic bond formation

3 oxidation and reduction

32 One explanation of the explosion at the Chernobyl nuclear power plant in 1986 is that the graphite
reactor overheated and reacted with the cooling water according to the following equation.

C(s) + H2O(g)        H2(g) + CO(g) ∆H = + 131 kJ mol–1

What are possible reasons why the forward reaction is more likely to occur at high temperature?

1 Hydrogen and carbon monoxide do not react at high temperature.

2 At lower temperature, the position of equilibrium lies too far to the left.

3 The energy of activation is high.

A B C D

1, 2 and 3 1 and 2 2 and 3 1 only
are only are only are is

correct correct correct correct

!
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The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

33 The conversion of graphite into diamond is an endothermic reaction (∆H = +3 kJ mol–1).

C(graphite)  → C(diamond)

Which statements are correct?

1 The enthalpy change of atomisation of diamond is smaller than that of graphite.

2 The bond energy of the C–C bonds in graphite is greater than that in diamond.

3 The enthalpy change of combustion of diamond is greater than that of graphite.

34 Which of the following statements are correct for the sequence of compounds below considered
from left to right?

NaF          MgO          AlN          SiC

1 The electronegativity difference between the elements in each compound increases.

2 The formula-units of these compounds are isoelectronic (have the same number of
electrons).

3 The bonding becomes increasingly covalent.

35 Which statements are reasons why sulphur dioxide is used as a food preservative? 

1 It is a reducing agent and therefore an anti-oxidant.

2 It prevents alcohols forming sour-tasting acids.

3 It does not smell and therefore can be used in more than trace quantities.

36 Why is the addition of concentrated sulphuric acid to solid potassium iodide unsuitable for the
preparation of hydrogen iodide?

1 Hydrogen iodide is not displaced by sulphuric acid.

2 Iodide ions are oxidised to iodine.

3 The product is contaminated by sulphur compounds.

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct�
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
 
 

!
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34 Two bulbs R and S, connected by a mercury manometer, are held in a thermostat, as shown. The 

volume of R is twice that of S. R contains gas, X, at the same pressure as the nitrogen in S. 

 

nitrogenX

S
R

manometer

mercury

thermostat

 

 

When the temperature is increased, which gases in bulb R would cause the mercury level in the 

right-hand limb of the manometer to rise? 

1 an equilibrium mixture N2F4(g)  2NF2(g); ∆H positive 

2 an equilibrium mixture CH3NC(g)  CH3CN(g); ∆H negative 

3 nitrogen 

 

 

35 Which statements concerning the third period elements (sodium to argon) and their compounds 

are correct? 

1 The elements become more electronegative from sodium to chlorine. 

2 Aluminium oxide is the only oxide which is insoluble in water. 

3 The maximum oxidation state is shown by silicon. 

 

 

36 Use of the Data Booklet is relevant to this question. 

 

The element astatine lies below iodine in Group VII of the Periodic Table. 

 

What will be the properties of astatine? 

1 It forms diatomic molecules which dissociate more readily than chlorine molecules. 

2 It reacts explosively with hydrogen. 

3 It is a good reducing agent. 

 

 

37 Nitrogen and oxygen react in a hot car engine to form nitrogen monoxide which is a serious 

pollutant in our cities and in the countryside. However, nitrogen and oxygen do not react at room 

temperature. 

 

Which statements help to explain why nitrogen and oxygen do not react at room temperature? 

1 The reaction is endothermic. 

2 A high activation energy is required. 

3 Nitrogen has a high bond energy. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 Hydrazine, N2H4, is widely used as a rocket fuel because it reacts with oxygen as shown, 

producing ‘environmentally friendly’ gases. 

 

N2H4(l) + O2(g) → N2(g) + 2H2O(g)  ∆H = –534 kJ mol
–1

  
Despite its use as a rocket fuel, hydrazine does not spontaneously burn in oxygen. 

 

Why does hydrazine not burn spontaneously? 

 

1 The activation energy is too high. 

2 The N≡N bond is very strong. 

3 Hydrazine is a liquid. 

 

 

34 Compound X 

 

• does not conduct electricity when in a liquid state, 

 

• when added to water produces a solution that readily conducts electricity. 

 

What could X be? 

 

1 MgCl2 

 

2 SiCl4 

 

3 PCl3 

 

 

!
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Water is added to anhydrous aluminium chloride to make a 0.1 mol dm
-3

 solution. 

 

Which observations are correct?  

1 The reaction is endothermic. 

2 The solution is acidic. 

3 The solution contains the ion [Al(H2O)6]
3+

. 

 

 

35 The electronic structure of the outer shell of the element radium is 7s
2

. 

 

Which statements will be correct for radium within its group? 

1 The element will decompose water, liberating hydrogen. 

2 The element will show an oxidation number of +2 in all its compounds. 

3 Radium has the highest first ionisation energy. 

 

 

36 When the yellow liquid NCl3 is stirred into aqueous sodium hydroxide, the reaction that occurs 

can be represented by the following equation. 

 

2NCl3(l) + 6NaOH(aq) → N2(g) + 3NaCl (aq) + 3NaOCl (aq) + 3H2O(l) 

 

What will be the result of this reaction? 

1 The nitrogen is oxidised. 

2 A bleaching solution remains after the reaction. 

3 The final solution gives a precipitate with acidified silver nitrate. 

 

 

!
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Which statements are correct? 

1 Aluminium chloride dissolves in water to give an acidic solution. 

2 Magnesium chloride dissolves in water to give a slightly acidic solution. 

3 Sodium chloride dissolves in water to give an alkaline solution. 

 

 

35 Which oxides react with water to give a solution of pH 10 or higher? 

1 CaO 

2 Na2O 

3 SrO 

 

 

36  Use of the Data Booklet is relevant to this question. 

 

The element astatine lies below iodine in Group VII of the Periodic Table. 

 

What will be the properties of astatine? 

1 It forms diatomic molecules which dissociate more readily than chlorine molecules. 

2 It reacts explosively with hydrogen. 

3 It can oxidise iodide to iodine. 

 

 

37  Which descriptions of the ammonium ion are correct? 

1 It contains ten electrons. 

2 It has a bond angle of 109.5°. 

3 It has only three bonding pairs of electrons. 
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35 When a firework is lit a fuel and an oxidising agent react. 

 

In such a firework, magnesium is the fuel and barium nitrate is the oxidising agent. 

 

Which solid products are produced when the firework is lit? 

1 BaO 

2 MgO 

3 Mg(NO3)2 

 

 

36 Why is the addition of concentrated sulphuric acid to solid potassium iodide unsuitable for the 

preparation of hydrogen iodide? 

1 Hydrogen iodide is not displaced by sulphuric acid. 

2 Iodide ions are oxidised to iodine. 

3 The product is contaminated by sulphur compounds. 

 

 

37 Which mixtures, on heating, produce the gas ND3? 

[D = H
2

1
, an isotope of hydrogen] 

1 CaO(s) and ND4Cl(s) 

2 CH3CN and NaOD in D2O 

3 NDH3Cl and NaOD in D2O 

 

 

38 Which structures show a primary alcohol that cannot be dehydrated to form an alkene? 

1 CH3OH 

2 CH3CH2OH 

3 CH3CH(OH)CH3 

 

 

39 In the reaction between an aldehyde and HCN catalysed by NaCN, which statements about the 

reaction mechanism are true? 

1 A new carbon-carbon bond is formed. 

2 In the intermediate, the oxygen carries a negative charge. 

3 The last stage involves the formation of a hydrogen-oxygen bond. 

 

 

!
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The responses A to D should be selected on the basis of

A B C D

1, 2 and 3

are

correct

1 and 2

only are

correct

2 and 3

only are

correct

1 only

is

correct

No other combination of statements is used as a correct response.

34 Which pairs of compounds contain one that is giant ionic and one that is simple molecular?

1 Al 2O3 and Al 2Cl 6

2 SiO2 and SiCl 4

3 P4O10 and PCl 3

35 When coal is burnt, gaseous oxides of carbon and sulphur are formed which pollute the

atmosphere. One method of preventing such pollution involves adding calcium carbonate to the

burning coal. The temperature of the process causes the decomposition of the calcium carbonate

into calcium oxide.

Which reactions will be important in helping to reduce atmospheric pollution?

1 Calcium oxide reacts with sulphur dioxide to form calcium sulphite.

2 Calcium oxide reacts with sulphur dioxide and more air to form calcium sulphate.

3 Calcium oxide reacts with carbon monoxide to form calcium carbonate.

36 When a hot glass rod is placed in a gas jar of hydrogen iodide, there is an immediate reaction as

the hydrogen iodide decomposes.

Which statements about this reaction are correct?

1 Hydrogen iodide is purple coloured.

2 The hot rod provides the activation energy.

3 One of the products is a solid.
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The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

33 The diagram represents the Boltzmann distribution of molecular energies at a given temperature.

As temperature increases, which statements are correct?

1 The maximum of the curve is displaced to the right.

2 The proportion of molecules with energies aboveany given value increases.

3 The proportion of molecules with any given energy increases.

34 Which statements concerning the third period elements (sodium to argon) and their compounds
are correct?

1 The elements become more electronegative from sodium to chlorine.

2 Aluminium oxide is the only oxide which is insoluble in water.

3 The maximum oxidation state is shown by silicon.

35 A farmer spreads lime on land which has already been treated with a nitrogenous fertiliser.

Which reactions will occur over a period of time?

1 Ca(OH)2 + CO2 ⎯→ CaCO3 + H2O

2 Ca(OH)2 + 2H+(aq) ⎯→ Ca2+(aq) + 2H2O

3 Ca(OH)2 + 2NH+
4 (aq) ⎯→ Ca2+(aq) + 2NH3 + 2H2O

energy

proportion of
molecules

A B C D

1, 2 and 3 1 and 2 2 and 3 1 only
are only are only are is

correct correct correct correct
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  The element astatine, At, is below iodine in Group VII of the Periodic Table. 

 

Which statements concerning At will be correct? 

1 It is a dark-coloured solid at room temperature. 

2  It is a more powerful oxidising agent than iodine. 

3 Its hydride is thermally stable. 

 

 

35  Which equations represent stages in the Contact process for manufacturing sulfuric acid? 

1 SO2 + 
2

1

O2 → SO3  

2  SO2 + H2O → H2SO3  

3 H2SO3  + 
2

1

O2 → H2SO4  

 

 

36  When added to water, which oxides will not cause a change in pH? 

1 Al 2O3  

2  SiO2 

3 P4 O10  

 

 

37  Which reagents and conditions will convert propane into 1-chloropropane? 

1 Cl 2 and sunlight 

2  conc. HCl, reflux 

3 PCl 5  
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 When ammonia, NH3, is produced in a school or college laboratory, it is usually dried before 

being collected. 

 

Which drying agents may be used to dry ammonia? 

1 calcium oxide, CaO 

2  phosphorus(V) oxide, P4O10 

3 concentrated sulfuric acid, H2SO4 

 

 

32  Zirconium, Zr, proton number 40, is a metal which is used in corrosion-resistant alloys. 

 

Zirconium metal is extracted from the oxide ZrO2 by the following sequence of reactions. 

 

reaction 1 ZrO2 + 2Cl 2 + 2C → ZrCl 4 + 2CO 

reaction 2 ZrCl 4 + 2Mg → Zr + 2MgCl 2 
 

Which statements about this extraction process are correct? 

1 Carbon in reaction 1 behaves as a reducing agent. 

2  Magnesium in reaction 2 behaves as a reducing agent. 

3 Chlorine in reaction 1 behaves as a reducing agent. 

 

 

33 Which statements about covalent bonds are correct? 

1 A triple bond consists of one π bond and two σ bonds. 

2  The electron density in a σ bond is highest along the axis between the two bonded atoms. 

3 A π bond restricts rotation about the σ bond axis. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The definitions of many chemical terms can be illustrated by chemical equations. 

 

Which terms can be illustrated by an equation that shows the formation of a positive ion? 

1 first ionisation energy 

2 heterolytic fission 

3 enthalpy change of atomisation 

 

 

32 The three statements that follow are all true. 

 

Which of these can be explained, at least in part, by reference to hydrogen bonding? 

1 At 0 °C ice floats on water. 

2 The boiling point of propan-2-ol is 82 °C. The boiling point of propanone is 56 °C. 

3 At 20 °C propanone and propanal mix completely. 

 

 

33 Which of the halide ions, chloride, bromide or iodide, acts as a reducing agent when its sodium 

salt reacts with concentrated sulfuric acid? 

1 at least one of Cl –, Br – and I – 

2 at least two of Cl –, Br – and I – 

3 all three of Cl –, Br – and I – 
 

 

34 Why does aluminium chloride, Al2Cl6, sublime at the relatively low temperature of 180 °C? 

1 The intermolecular forces between the Al 2Cl 6 molecules are weak. 

2 The co-ordinate bonds between aluminium and chlorine are weak. 

3 The covalent bonds between aluminium and chlorine are weak. 

!
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Which statements are correct? 

1 Aluminium chloride dissolves in water to give an acidic solution. 

2 Magnesium chloride dissolves in water to give a slightly acidic solution. 

3 Sodium chloride dissolves in water to give an alkaline solution. 

 

 

35 Which oxides react with water to give a solution of pH 10 or higher? 

1 CaO 

2 Na2O 

3 SrO 

 

 

36  Use of the Data Booklet is relevant to this question. 

 

The element astatine lies below iodine in Group VII of the Periodic Table. 

 

What will be the properties of astatine? 

1 It forms diatomic molecules which dissociate more readily than chlorine molecules. 

2 It reacts explosively with hydrogen. 

3 It can oxidise iodide to iodine. 

 

 

37  Which descriptions of the ammonium ion are correct? 

1 It contains ten electrons. 

2 It has a bond angle of 109.5°. 

3 It has only three bonding pairs of electrons. 
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4 (a) The use of the Data Booklet is relevant to this question. Complete these sketches for
elements of the third period (sodium to argon) to show how each property changes
along the period.

[6]

(b) (i) In the boxes below, write the formulae of one of the oxides of each of these five
elements.

(ii) Write an equation for sodium oxide reacting with water.

...................................................................................................................................

(iii) Write an equation for your chosen oxide of sulphur reacting with an alkali.

...............................................................................................................................[3]

[Total : 9]

Na

melting
point

Mg Al Si P S Cl Ar

(i)

Na

electrical
conductivity

Mg Al Si P S Cl Ar

(ii)

Na

atomic
radius

Mg Al Si P S Cl Ar

(iii)

Na

ionic
radius

Mg Al Si P S Cl Ar

(iv)

For
Examiner’s

Use

sodium magnesium aluminium phosphorus sulphur
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(c) Write equations for the reaction of

(i) aluminium oxide and dilute hydrochloric acid,

...................................................................................................................................

(ii) sulphur dioxide and aqueous sodium hydroxide.

...................................................................................................................................
[2]

(d) Antimony, Sb, has been known for about 6000 years. It is present in many ancient forms
of bronze, but now its main use is to strengthen lead alloys.

Antimony is produced in a two-stage process from stibnite, a sulphide ore, Sb2S3.

The ore is first roasted in oxygen to form the oxide.

2Sb2S3 +  ..............  O2 → Sb4O6 +  ..............SO2

(i) Balance the above equation.

The oxide is then reduced with carbon.

Sb4O6 +  3C → 4Sb  +  3CO2

(ii) What is the oxidation number of antimony in Sb4O6?

..........................................................

(iii) Calculate the volume of carbon dioxide, measured at room temperature and
pressure, that would be produced by the processing of 10 moles of Sb2S3.

[4]

[Total : 12]

For
Examiner’s

Use
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(ii) Calculate the equilibrium constant, Kc, for the reaction.

(iii) Explain why Kc in this reaction has no units.

...............................................................................................................................[4]

[Total : 9]

3 The oxides of the third period include the following:

Na2O;      MgO;      Al2O3;      SO2;      SO3.

(a) Showing outer electrons only, draw a dot-and-cross electron diagram for magnesium
oxide, MgO.

[1]

(b) From the list above, identify one oxide (in each case) which fits the description given.

(i) An oxide that reacts with water forming a strongly alkaline solution.

..........................................................

(ii) An oxide that is insoluble in water.

..........................................................

(iii) An oxide that reacts vigorously with water forming a strongly acidic solution.

..........................................................

(iv) An oxide that has a simple molecular structure.

..........................................................

(v) An oxide that acts as a food preservative.

..........................................................
[5]

For
Examiner’s

Use
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Use
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3 This question refers to the elements shown in the Periodic Table below.

H He
Li Be B C N O F Ne
Na Mg Al Si P S Cl Ar
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

 (a) From the elements shown, identify in each case one element that has the property 
described. Give the name or formula of the element.

  (i) An element that has a molecule which contains only one atom.

 ...................................................

  (ii) An element that has a molecule which contains only four atoms.

 ...................................................

  (iii) The element that has the largest atomic radius.
 

 ...................................................

  (iv) The element that is a liquid at room temperature and pressure.

 ...................................................

   (v) The element in Period 3 (Na to Ar) that has the highest melting point.

 ...................................................

  (vi) The element in Period 3 (Na to Ar) that forms the largest anion.

 ...................................................

[6]

6
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For
Examiner’s

Use

© UCLES 2006

3 This question refers to the elements shown in the Periodic Table below.

H He
Li Be B C N O F Ne
Na Mg Al Si P S Cl Ar
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

 (a) From the elements shown, identify in each case one element that has the property 
described. Give the name or formula of the element.

  (i) An element that has a molecule which contains only one atom.

 ...................................................

  (ii) An element that has a molecule which contains only four atoms.

 ...................................................

  (iii) The element that has the largest atomic radius.
 

 ...................................................

  (iv) The element that is a liquid at room temperature and pressure.

 ...................................................

   (v) The element in Period 3 (Na to Ar) that has the highest melting point.

 ...................................................

  (vi) The element in Period 3 (Na to Ar) that forms the largest anion.

 ...................................................

[6]

CEDAR COLLEGE PERIOD 3 WS 4



 286

4

!

4

9701/02/O/N/04

2 The table below gives data on some oxides of elements in Period 3 of the Periodic Table.

(a) Write an equation for the reaction of aluminium with oxygen to form aluminium oxide.

......................................................................................................................................[1]

(b) Drawing diagrams where appropriate, suggest in terms of structure and bonding,
explanations for the following.

(i) the high melting point and boiling point of Al2O3

(ii) the low boiling point of SO3

(iii) the melting point of SiO2 is much higher than that of P4O10

[7]
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oxide Na2O MgO Al2O3 SiO2 P4O10 SO3

melting point / K 1193 3125 2345 1883 853 290

boiling point / K 1548 3873 3253 2503 – 318

!
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 (b) Use the elements shown opposite to answer the following questions.

   (i) Give the formulae of two acidic oxides formed by the same element.

    ............................. and  ...............................

  (ii) Give the name or formula of an oxide that is amphoteric.

 ...................................................

  (iii) Identify an element whose oxide dissolves readily in water to give a strongly alkaline 
solution.

 ...................................................

  (iv) Identify an element in Period 3 (Na to Ar) whose chloride dissolves in water to give 
a neutral solution.

 ...................................................

  (v) Identify an element that reacts with water to give a solution that can behave as an 
oxidising agent.

 ...................................................

[6]

[Total: 12]
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(c) Water was added to each of the oxides in the table.

Choosing a suitable oxide in each case, write an equation for the formation of

(i) an alkaline solution, ..................................................................................................

(ii) an acidic solution. .................................................................................................[2]

[Total : 10]
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2 Magnesium will react on heating with chlorine, or oxygen, or nitrogen to give the chloride, or 
oxide, or nitride respectively.  Each of these compounds is ionic and in them magnesium has 
the same +2 oxidation state.

 
 (a) (i) Write an equation, with state symbols, for the second ionisation energy of 

magnesium.

 ..................................................................................................................................

  (ii) Use the Data Booklet to calculate the enthalpy change that occurs when one mole 
of gaseous magnesium ions, Mg2+, is formed from one mole of gaseous magnesium 
atoms.

   Include a sign in your answer.

 enthalpy change = ……………… kJ mol–1

 [3]

 (b) Separate samples of magnesium chloride and magnesium oxide are shaken with water.  
In each case, describe what you would see when this is done, and state the approximate 
pH of the water after the solid has been shaken with it.  

  (i) magnesium chloride 

observation  ...............................................................................................................

   approximate pH of the water …………………

  (ii) magnesium oxide 

observation  ...............................................................................................................

   approximate pH of the water ………………… 
 [4]
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 (c) Magnesium burns in nitrogen to give magnesium nitride, a yellow solid which has the 
formula Mg3N2.

  Magnesium nitride reacts with water to give ammonia and magnesium hydroxide.

  (i) Construct an equation for the reaction of magnesium nitride with water.

 .................................................................................................................................. 

  (ii) Does a redox reaction occur when magnesium nitride reacts with water?

   Use the oxidation numbers of nitrogen to explain your answer.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................
[4]

[Total: 11]
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2 Phosphorus is a very reactive non-metallic element which readily forms ionic compounds 
with metals such as calcium and covalent compounds with non-metals such as chlorine and 
oxygen.

 (a) (i) Write an equation, with state symbols, for the second ionisation energy of 
calcium.

 ..................................................................................................................................

  (ii) Use the Data Booklet to calculate the enthalpy change that occurs when one 
mole of gaseous calcium ions, Ca2+, is formed from one mole of gaseous calcium 
atoms.

   Include a sign in your answer.

 enthalpy change =  ..................... kJ mol–1 [3]

 (b) Separate small samples of phosphorus(V) chloride and phosphorus(V) oxide are 
shaken with water. In each case, describe what you would see when this is done, and 
state the approximate pH of the water after the solid has been shaken with it.

  (i) phosphorus(V)  chloride

observation  ...............................................................................................................

   approximate pH of the water ..............

  (ii) phosphorus(V)  oxide

observation  ...............................................................................................................

   approximate pH of the water .............. [4]CEDAR COLLEGE PERIOD 3 WS 4
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 (c) When phosphorus is heated with an excess of sulfur in an inert atmosphere, a pale 
yellow solid, with formula P4S10 is formed.

  P4S10 reacts with water to give phosphoric acid, H3PO4, and hydrogen sulfide, H2S.

  (i) Complete the equation for the reaction of P4S10 with water.

   P4S10  +  16H2O  

  (ii) Does a redox reaction occur when P4S10 reacts with water?
   Use the oxidation numbers of phosphorus to explain your answer.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................

 .............................................................................................................................  [4]

 [Total: 11]
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2 Phosphorus is a very reactive non-metallic element which readily forms ionic compounds 
with metals such as calcium and covalent compounds with non-metals such as chlorine and 
oxygen.

 (a) (i) Write an equation, with state symbols, for the second ionisation energy of 
calcium.

 ..................................................................................................................................

  (ii) Use the Data Booklet to calculate the enthalpy change that occurs when one 
mole of gaseous calcium ions, Ca2+, is formed from one mole of gaseous calcium 
atoms.

   Include a sign in your answer.

 enthalpy change =  ..................... kJ mol–1 [3]

 (b) Separate small samples of phosphorus(V) chloride and phosphorus(V) oxide are 
shaken with water. In each case, describe what you would see when this is done, and 
state the approximate pH of the water after the solid has been shaken with it.

  (i) phosphorus(V)  chloride

observation  ...............................................................................................................

   approximate pH of the water ..............

  (ii) phosphorus(V)  oxide

observation  ...............................................................................................................

   approximate pH of the water .............. [4]
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3 Elements in the same period of the Periodic Table show trends in physical and chemical 
properties. The grids on this page and on the opposite page refer to the elements of the third 
period, Na to Cl.

 On each of these grids, draw a clear sketch to show the variation of the stated property. 
 Below each grid, briefly explain the variation you have described in your sketch. 
 For each explanation you should refer to the important factors that cause the differences in 

the property you are describing. 

 (a)

 
Na Mg Al Si P S Cl

atomic
radius of
element

explanation  ......................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................
[3]

 (b)

 
Na Mg Al Si P S Cl

melting
point of
element

explanation  ......................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................
[4]
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 (c)

 
Na Mg Al Si P S Cl

electrical
conductivity
of element

explanation  ......................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................
[4]

 (d) The melting points of some of the oxides of the elements sodium to sulfur are given in 
the table below.

compound Na2O MgO Al 2O3 SiO2 P4O6 SO2

mp / K 1193 3173 2313 1883 297 198

  (i) What type of bond is broken when each of the following compounds is melted?

Na2O  ........................................................................................................................

SiO2  ..........................................................................................................................

P4O6  .........................................................................................................................

  (ii) Identify one of these six oxides that has no reaction at all with water. 

 ..........................................................
[4]

[Total: 15]
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3 The table below gives data for some of the oxides of Period 3 elements.

oxide Na2O MgO Al 2O3 SiO2 P4O6 SO2

melting point /°C 1275 2827 2017 1607 24 –75

bonding

structure

 (a) Complete the table by filling in

  (i) the ‘bonding’ row by using only the words ‘ionic’ or ‘covalent’,

  (ii) the ‘structure’ row by using only the words ‘simple’ or ‘giant’.
 [2]

 (b) From the table of oxides above, suggest the formula of one oxide that is completely 
insoluble in water.

  ................... [1]

 (c) Separate samples of Na2O and SO2 were added to water.

  (i) For each oxide, write a balanced equation for its reaction with water and suggest a 
numerical value for the pH of the resulting solution.

   Na2O

equation  ...................................................................................................................

   pH ............

   SO2

equation  ...................................................................................................................  

   pH ............

  (ii) Construct a balanced equation for the reaction that occurs when a solution of Na2O 
in water reacts with a solution of SO2 in water.

 ..................................................................................................................................
 [5]
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 (d) Separate samples of the oxides MgO and SiO2 are melted.
  Each molten sample is then tested to see whether or not it conducts electricity.

  Suggest what would be the results in each case. Explain your answers.

MgO  .................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

SiO2  .................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................
 [4]

 [Total: 12]
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3 This question refers to the elements shown in the portion of the Periodic Table given below.

H He
Li Be B C N O F Ne

 Na Mg Al Si P S Cl Ar
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

 (a) From this table, identify in each case one element that has the property described. Give 
the symbol of the element in each case.

  (i) The element that has a molecule which contains exactly eight atoms.

 ............................................................

  (ii) The element that forms the largest cation.

 ............................................................

  (iii) An element that floats on water and reacts with it.

 ............................................................

  (iv) An element that reacts with water to give a solution that can behave as an oxidising 
agent.

 ............................................................

  (v) An element whose nitrate gives a brown gas on thermal decomposition.

 ............................................................
[5]
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3 This question refers to the elements shown in the portion of the Periodic Table given below.

H He
Li Be B C N O F Ne

 Na Mg Al Si P S Cl Ar
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

 (a) From this table, identify in each case one element that has the property described. Give 
the symbol of the element in each case.

  (i) The element that has a molecule which contains exactly eight atoms.

 ............................................................

  (ii) The element that forms the largest cation.

 ............................................................

  (iii) An element that floats on water and reacts with it.

 ............................................................

  (iv) An element that reacts with water to give a solution that can behave as an oxidising 
agent.

 ............................................................

  (v) An element whose nitrate gives a brown gas on thermal decomposition.

 ............................................................
[5]
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 (b) (i) Give the formula of the oxide of the most electronegative element.

 ............................................................

  (ii) Several of these elements form more than one acidic oxide.
   Give the formulae of two such oxides formed by the same element.

 .......................... and  .........................
[3]

 The formulae and melting points of the fluorides of the elements in Period 3, Na to Cl, are 
given in the table.

formula of fluoride NaF MgF2 Al F3 SiF4 PF5 SF6 Cl F5

m.p. / K 1268 990 1017 183 189 223 170

 (c) (i) Suggest the formulae of two fluorides that could possibly be ionic.

 ..................................................................................................................................

  (ii) What is the shape of the SF6 molecule?

 ............................................................

  (iii) In the sequence of fluorides above, the oxidation number of the elements increases 
from NaF to SF6 and then falls at Cl F5.

   Attempts to make Cl F7 have failed but IF7 has been prepared.
   Suggest an explanation for the existence of IF7 and for the non-existence of Cl F7.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................
[4]

[Total: 12]

CEDAR COLLEGE PERIOD 3 WS 4



 295

10

!

5

9701/02/O/N/07 [Turn over

For
Examiner’s

Use

© UCLES 2007

 (c) Write an equation for the reaction of silicon tetrachloride with water.

 ......................................................................................................................................[1]

 (d) What is the pH of the solution formed when each of the following compounds is dissolved 
in water?

  NaCl ........................................

  PCl5 ......................................... [2]

 (e) When solid aluminium chloride is heated above 451 K, a vapour is formed which has 
Mr = 267.

  When this vapour is heated above 1100 K, the vapour has Mr = 133.5. 

  (i) What are the molecular formulae of these two forms of aluminium chloride?

   at 460 K ........................................ at 1150 K ........................................

  (ii) Draw a ‘dot-and-cross’ diagram of the form of aluminium chloride that exists at the 
higher temperature.

  (iii) Draw a displayed formula of the form of aluminium chloride that exists at the lower 
temperature. Indicate clearly the different types of bonds present.

    [5]

   [Total: 14]
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3 This question refers to the elements shown in the section of the Periodic Table below.

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn  Ga Ge As Se Br Kr

 (a) From this list of elements, identify in each case one element that has the property 
described. Give the symbol of the element.

  (i) an element that sinks in cold water and reacts readily with it

   .............

  (ii) an element that forms an oxide that is a reducing agent

   ............. 

  (iii)  the element that has the largest first ionisation energy

   .............

  (iv) the metal in Period 3 (Na to Ar) that has the smallest cation

   .............

  (v) the element which has a giant molecular structure and forms an oxide which also 
has a giant molecular structure

    .............

  (vi) the element in Period 3 (Na to Ar) with the greatest electrical conductivity 

   .............
 [6]

 (b) From the section of the Periodic Table above, identify two elements whose hydrides 
form hydrogen bonds between their molecules.

  ............. and ............. [1] 
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3 Chlorine gas is manufactured by the electrolysis of brine using a diaphragm cell. 

 (a) Write half-equations, including state symbols, for the reactions occurring at each of the 
electrodes of a diaphragm cell.

anode  ...............................................................................................................................

cathode  ....................................................................................................................... [2]

 (b) In the diaphragm cell, the anode is made of titanium and the cathode is made of steel.

  Suggest why steel is never used for the anode.

 ..........................................................................................................................................

 ..................................................................................................................................... [1]

 (c) One important product made in the diaphragm cell is formed in aqueous solution.

  (i) What substance is produced in aqueous solution in the diaphragm cell?
 

 ..................................................................................................................................

  (ii) Explain, with the aid of appropriate half-equation(s), how this compound is formed 
by electrolysis.

 ..................................................................................................................................

 ..................................................................................................................................

 ............................................................................................................................. [3]

 (d) Chlorine is very reactive and will form compounds by direct combination with many 
elements.

  Describe what you would see when chlorine is passed over separate heated samples of 
sodium and phosphorus. In each case write an equation for the reaction.

sodium  .............................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

phosphorus  ...................................................................................................................... 

 ..........................................................................................................................................

 ..................................................................................................................................... [4]
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 (c) Use the elements in Period 3 (Na to Ar) in the section of the Periodic Table opposite to 
identify the oxide(s) referred to below. 

  In each case, give the formula of the oxide(s).

  (i) an oxide which has no reaction with water

   .............

.   (ii) two acidic oxides formed by the same element

   ............. and .............

  (iii) an oxide which dissolves readily in water to give a strongly alkaline solution

   .............

  (iv)   an oxide which is amphoteric 

   .............
 [5]

 [Total: 12]
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 (e) Magnesium chloride, MgCl2, and silicon tetrachloride, SiCl4, each dissolve in or react 
with water.

  Suggest the approximate pH of the solution formed in each case.

  MgCl2 ………………………………… SiCl4 …………………………………

  Explain, with the aid of an equation, the difference between the two values.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..................................................................................................................................... [5]

 [Total: 15]
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2 The elements of the third period of the Periodic Table form chlorides of general formula ECl x 
where E represents the element. These chlorides show a variation in oxidation number from 
sodium to sulfur.

 (a) (i) Use the information given to complete the table below.

formula of chloride NaCl MgCl 2 Al Cl 3 SiCl 4 PCl 3 SCl 2

oxidation number of element in 
the chloride 

  (ii) By considering the electron configurations of the elements, explain the variation in 
oxidation number in the chlorides from Na to Al and from Si to S.

Na to Al  ....................................................................................................................

 ..................................................................................................................................

Si to S  .......................................................................................................................

 ..................................................................................................................................
[5]

 Sodium hydride, NaH, is a colourless crystalline solid which melts at 800 °C and has the 
same crystal structure as sodium chloride which has a melting point of 808 °C. When molten 
sodium chloride is electrolysed using graphite electrodes, a shiny deposit, D, forms on the 
cathode and a greenish-yellow gas is evolved from the anode. When molten sodium hydride 
is electrolysed, under suitable conditions using graphite electrodes, the same shiny deposit 
D is formed on the cathode and a colourless gas, G, is evolved from the anode.

 (b) (i) Describe with the aid of a diagram the bonding in a sodium chloride crystal.

  (ii) Suggest the type of bonding that is present in sodium hydride.

 ..................................................................................................................................

  (iii) What is the oxidation number of hydrogen in sodium hydride?

 .......................
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  (iv) Draw a ‘dot-and-cross’ diagram for sodium hydride. Show outer electrons only.

  (v) The metals magnesium and aluminium form hydrides with formulae MgH2 and 
Al H3. The non-metals phosphorus and sulfur form hydrides with formulae PH3 and 
H2S.

   By considering their positions in the Periodic Table, suggest oxidation numbers for 
these four elements in their hydrides.

compound MgH2 Al H3 PH3 H2S

oxidation number of element in 
the hydride

[8]

 At room temperature, the chlorides of sodium, magnesium and aluminium are all solids which 
dissolve in water.

 The hydrides of sodium, magnesium and aluminium are also solids which react with water 
with the rapid evolution of the same colourless gas G in each case.

 (c) (i) What is the pH of the solutions formed when separate samples of sodium chloride, 
magnesium chloride, and aluminium chloride are dissolved in water?

chloride sodium magnesium aluminium

pH

  (ii) Suggest an equation for the reaction between sodium hydride and water.

 ..................................................................................................................................

  (iii) Suggest a value for the pH of the solution formed in (ii).

 .......................
[4]

 At room temperature, the chlorides of silicon, phosphorus and sulfur are all low melting point 
solids or low boiling point liquids that can be seen to react with water.

 (d) (i) Suggest what type of bonding is present in sulfur dichloride, SCl 2.

 ...................................................................

  (ii) Write a balanced equation for the reaction between the chloride of silicon, SiCl 4, 
and water.

 ............................................................................................................................  [2]

[Total: 19]
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 (c) (i) The first ionisation energies of the elements Na to Ar show a variation. Some 
physical properties show similar variations.

   The atomic radius of the elements decreases from Na to Cl. 

   Give a brief explanation of this variation.

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) The cations formed by the elements Na to Al are smaller than the corresponding 
atoms.

   Give a brief explanation of this change. 

 ..................................................................................................................................

 ..................................................................................................................................
[3]

 (d) The oxides of the elements of the third Period behave differently with NaOH(aq) and 
HCl (aq). In some cases, no reaction occurs.

  Complete the table below by writing a balanced equation for any reaction that occurs, 
with heating if necessary. If you think no reaction takes place write ‘no reaction’.

  You do not need to include state symbols in your answers.

.....MgO(s) +  ..... NaOH (aq) 

.....MgO(s) +  ..... HCl (aq) 

.....Al2O3(s) +  ..... NaOH (aq) +  .....H2O (l) 

.....Al2O3(s) +  ..... HCl (aq) 

.....SO2(g) +  ..... NaOH (aq) 

.....SO2(g) +  ..... HCl (aq) 

 [6]

 [Total: 19]
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 (c) (i) The first ionisation energies of the elements Na to Ar show a variation. Some 
physical properties show similar variations.

   The atomic radius of the elements decreases from Na to Cl. 

   Give a brief explanation of this variation.

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) The cations formed by the elements Na to Al are smaller than the corresponding 
atoms.

   Give a brief explanation of this change. 

 ..................................................................................................................................

 ..................................................................................................................................
[3]

 (d) The oxides of the elements of the third Period behave differently with NaOH(aq) and 
HCl (aq). In some cases, no reaction occurs.

  Complete the table below by writing a balanced equation for any reaction that occurs, 
with heating if necessary. If you think no reaction takes place write ‘no reaction’.

  You do not need to include state symbols in your answers.

.....MgO(s) +  ..... NaOH (aq) 

.....MgO(s) +  ..... HCl (aq) 

.....Al2O3(s) +  ..... NaOH (aq) +  .....H2O (l) 

.....Al2O3(s) +  ..... HCl (aq) 

.....SO2(g) +  ..... NaOH (aq) 

.....SO2(g) +  ..... HCl (aq) 

 [6]

 [Total: 19]
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Answer all the questions in the spaces provided.

1  Oxides are compounds which usually contain oxygen combined with one other element.

  Oxides are classifi ed as follows.

 acidic alkaline amphoteric basic

 (a)  Using these terms only, complete the table to describe the oxides of the elements of 
the third period of the Periodic Table sodium to sulfur.

Na2O MgO Al 2O3 SiO2 P4O10 SO2 Cl 2O7

acidic

[4]

 (b)  Give the names of two elements from sodium to chlorine which form more than one 
oxide.

 ...................................  and  ................................... [1]

 (c)  Sodium reacts with water.

 (i)  Describe, as fully as you can, what you would see when a piece of sodium is reacted 
with water.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  Write an equation for the reaction of sodium with water.

  ....................................................................................................................................
[4]
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Answer all the questions in the spaces provided.

1  Oxides are compounds which usually contain oxygen combined with one other element.

  Oxides are classifi ed as follows.

 acidic alkaline amphoteric basic

 (a)  Using these terms only, complete the table to describe the oxides of the elements of 
the third period of the Periodic Table sodium to sulfur.

Na2O MgO Al 2O3 SiO2 P4O10 SO2 Cl 2O7

acidic

[4]

 (b)  Give the names of two elements from sodium to chlorine which form more than one 
oxide.

 ...................................  and  ................................... [1]

 (c)  Sodium reacts with water.

 (i)  Describe, as fully as you can, what you would see when a piece of sodium is reacted 
with water.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  Write an equation for the reaction of sodium with water.

  ....................................................................................................................................
[4]
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Answer all the questions in the spaces provided.

1  Oxides are compounds which usually contain oxygen combined with one other element.

  Oxides are classifi ed as follows.

 acidic alkaline amphoteric basic

 (a)  Using these terms only, complete the table to describe the oxides of the elements of 
the third period of the Periodic Table sodium to sulfur.

Na2O MgO Al 2O3 SiO2 P4O10 SO2 Cl 2O7

acidic

[4]

 (b)  Give the names of two elements from sodium to chlorine which form more than one 
oxide.

 ...................................  and  ................................... [1]

 (c)  Sodium reacts with water.

 (i)  Describe, as fully as you can, what you would see when a piece of sodium is reacted 
with water.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  Write an equation for the reaction of sodium with water.

  ....................................................................................................................................
[4]
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 (d)  Sulfur dioxide is present in small, but signifi cant, amounts in the Earth’s atmosphere.

 (i)  State one way by which sulfur dioxide enters the atmosphere.

  ....................................................................................................................................

 (ii)  Give the formula of another sulfur compound which is formed in the atmosphere 
from sulfur dioxide.

 ...................................

 (iii)  What are the environmental consequences of the compound you have identifi ed
in (ii)?

  ....................................................................................................................................
[3]

 (e)  Sulfur dioxide is used as a food preservative.
 What property of sulfur dioxide enables it to act in this way?

  .....................................................................................................................................  [1]

 (f)  Another sulfur compound which is present in the Earth’s atmosphere is carbonyl sulfi de, 
OCS. The sequence of atoms in the molecule is oxygen-carbon-sulfur and the molecule 
is not cyclic.

 (i)  Draw a ‘dot-and-cross’ diagram of the OCS molecule.
  Show outer electrons only.

 (ii)  Suggest a value for the O – C – S bond angle.

 ...................................
[2]

[Total: 15]
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 (b)  When chlorides of the elements of the third period are added to water, some simply 
dissolve while others can be seen to react with the water.

 (i)  Complete the table below, stating how the chlorides of Na, Al, and Si behave when 
mixed with water. In the fi rst column use only the terms ‘dissolve’ or ‘react’.

element Does the chloride
dissolve or react?

approximate pH of
the resulting solution

Na

Al

Si

 (ii)  What type of reaction takes place between a chloride and water?

 ...................................................
[7]

 (c)  Sulfur forms the compound S4N4 with nitrogen. The structure of S4N4 is shown below. 
Assume all bonds shown are single bonds.

S

S

S

S

N

N

N

N
a

b

 (i)  Determine the number of lone pairs of electrons around a nitrogen atom and a sulfur 
atom in S4N4.

 nitrogen atom ................................

 sulfur atom ................................

 (ii)  Which bond angle, a or b, in the S4N4 molecule will be smaller? Explain your answer.

  ....................................................................................................................................

  ....................................................................................................................................
[2]

[Total: 16] 

!  

2

9701/22/M/J/12© UCLES 2012

For
Examiner’s

Use

Answer all the questions in the spaces provided.

1  The elements of the third period of the Periodic Table, sodium to sulfur, all form chlorides by 

direct combination.

 (a) (i)  Sulfur forms a number of chlorides which are liquid at room temperature.

  Which other element of the third period forms a chloride which is liquid at room 

temperature?

  ....................................................................................................................................

 (ii)  Name one element of the third period which burns in chlorine with a coloured fl ame.

 ........................

 (iii)  Aluminium chloride may be produced by passing a stream of chlorine over heated 

aluminium powder in a long hard-glass tube.

 State two observations you could make during this reaction.

 ............................................................ and ................................................................

 (iv)  Write a balanced equation, with state symbols, for this reaction of aluminium with 

chlorine.

  ....................................................................................................................................

 (v)  No chloride of argon has ever been produced.

 Suggest a reason for this.

  ....................................................................................................................................

  ....................................................................................................................................

[7]
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 (ii)  Explain the differences in size between the cations and the corresponding atoms.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (iii)  Explain the differences in size between the anions and the corresponding atoms.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................
[5]

 (c)  Each of the elements Na to Cl forms at least one oxide. Na2O is an ionic oxide, SO2 is a 
covalent oxide. Both oxides react with water.

 (i)  Write an equation for the reaction of each of these oxides with water.

 Na2O  ..........................................................................................................................

 SO2  ............................................................................................................................

 (ii)  What is the pH of the resulting solution in each case?

 Na2O ................ SO2 .....................

 (iii)  Write an equation for the reaction that occurs between the products of your reactions 
in (i).

  ....................................................................................................................................
[5]

[Total: 14]
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3  This question refers to the elements in the section of the Periodic Table shown below.

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca ................. transition elements ................. Ga Ge As Se Br Kr

 (a)  From this list of elements, identify in each case one element that has the property 

described. Give the symbol of the element.

 (i)  An element that fl oats on cold water and reacts readily with it.

 ......................

 (ii)  An element that forms an oxide that is a reducing agent.

 ......................

 (iii)  The element that has the smallest fi rst ionisation energy.

 ......................

 (iv)  The element which has a giant molecular structure and forms an oxide which has a 

simple molecular structure.

 ......................

 (v)  The element in Period 3 (Na to Ar) that has the smallest anion.

 ......................

 (vi)  The element in Period 3 (Na to Ar) which forms a chloride with a low melting point 

and an oxide with a very high melting point.

 ......................

[6]
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 (b)  Use the elements in Period 3 (Na to Ar) in the section of the Periodic Table opposite to 
identify the oxide(s) referred to below.

  In each case, give the formula of the oxide(s).

 (i)  An oxide which when placed in water for a long time has no reaction with it.

 ......................

 (ii)  An oxide which dissolves readily in water to give a strongly alkaline solution.

 ......................

 (iii)  Two acidic oxides formed by the same element.

 ...................... and ......................

 (iv)  An oxide which is amphoteric.

 ......................
[5]

 (c)  Fluorine reacts with other elements in Group VII to form a number of different compounds.
  Two such compounds and their boiling points are given in the table.

compound Cl F3 BrF3

boiling point / qC 12 127

 (i)  The two molecules have similar electronic confi gurations.
  Showing outer electrons only, draw a 'dot-and-cross' diagram of the bonding in Cl F3.

 (ii)  The two molecules have the same shape.
  Suggest why the boiling points are signifi cantly different.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................
[4]

[Total: 15]
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3  This question refers to the elements in the section of the Periodic Table shown below. 

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca ................. transition elements ................. Ga Ge As Se Br Kr

 (a)  From this list of elements, identify in each case one element that has the property 

described. Give the symbol of the element.

 (i)  An element that when placed in cold water sinks and reacts readily.

 ...........

 (ii)  An element whose molecules contain S bonding.

 ...........

 (iii)  An element that forms a gaseous toxic oxide.

 ...........

 (iv)  The element which has a giant molecular structure and forms an oxide which also 

has a giant molecular structure.

 ...........

 (v)  An element that forms a covalent chloride which dissolves in water to give a 

conducting solution.

 ...........

 (vi)  The element in Period 3 (Na to Ar) with the greatest electrical conductivity.

 ...........

[6]
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 (b)  Some of the elements in Period 3 (Na to Ar) burn with a coloured fl ame when heated in 
oxygen or chlorine.

 (i)  Give the symbol of one such element, the formula of the oxide formed, and state the 
fl ame colour that would be seen.

  symbol of element ....................................

 formula of oxide ....................................

 fl ame colour ....................................

 (ii)  For the element you have used in (i), give the formula of the chloride formed, and 
state the pH of the solution produced when this chloride is shaken with water.

 formula of chloride ....................................

 pH of solution ....................................
[4]

 (c)  Chlorine reacts with both bromine and iodine to form BrCl and ICl respectively.
 The melting points of chlorine and the two chlorides are shown in the table.

substance Cl 2 BrCl ICl

m.p. / qC –101 –66 24

 (i)  Showing outer electrons only draw a 'dot-and-cross' diagram of the bonding in ICl .

 (ii)  Suggest why the melting points increase from Cl 2 to ICl .

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (iii)  Suggest which of these three molecules has the largest permanent dipole.
  Explain your answer.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................
[5]

[Total: 15]
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3  This question refers to the elements in the section of the Periodic Table shown below.

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca ................. transition elements ................. Ga Ge As Se Br Kr

 (a)  From this list of elements, identify in each case one element that has the property 

described. Give the symbol of the element.

 (i)  An element that has molecules which consist of single atoms.

 ...............................................

 (ii)  An element that has a molecule which contains exactly four atoms.

 ...............................................

 (iii)  The element that is a liquid at room temperature and pressure.

 ...............................................

 (iv)  The element in Period 3 (Na to Ar) that has the largest atomic radius.

 ...............................................

 (v)  The element in Period 3 (Na to Ar) that has the highest melting point.

 ...............................................

 (vi)  The element in Period 3 (Na to Ar) that forms the largest anion.

 ...............................................

 (vii)  An element that reacts with water to give a solution that can behave as an oxidising 

agent.

 ...............................................

[7]
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 (b)  The formulae and melting points of some of the oxides of the elements in Period 3, Na to 

Cl, are given in the table.

formula of oxide Na
2
O MgO Al 

2
O

3
SiO

2
P

4
O

6
SO

2
Cl 

2
O

7

m.p. / qC 1132 2830 2054 1710 24 –73 –92

 (i)  Give the formulae of two of these oxides that have simple molecular structures.

 ......................  and  ......................

 (ii)  Give the formula of one of these oxides that will give no reaction with water when 

placed in it for a long time.

 ........................................

 (iii)  Give the formula of the product formed when MgO is reacted with SO
2
.

 ........................................

[4]

 (c) The melting points of the elements Si to Cl are given in the table.

element Si P S Cl

m.p. / qC 1414 44 115 –102

 (i)  Explain why the melting point of Si is very much greater than those of the other three 

elements.

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  Suggest why the melting points of the other three elements are in the

order S > P > Cl.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

[4]

[Total: 15]
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3  Chlorine gas is manufactured by the electrolysis of brine using a diaphragm cell.

 (a) (i)  Write half-equations, including state symbols, for the reactions occurring at each of 

the electrodes of a diaphragm cell.

 anode  .........................................................................................................................

 cathode  ......................................................................................................................

 (ii)  In the diaphragm cell, the anode is made of titanium and the cathode is made of 

steel.

  Suggest why steel is never used for the anode.

  ....................................................................................................................................

  ....................................................................................................................................

[3]

 (b)  Chlorine is very reactive and will form compounds by direct combination with many 

elements.

  Describe what you would see when chlorine is passed over separate heated samples of 

sodium and phosphorus.

  In each case write an equation for the reaction.

 sodium

  ...........................................................................................................................................

  ...........................................................................................................................................

  ...........................................................................................................................................

 phosphorus

  ...........................................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [4]
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 (c)  Chlorine reacts with aqueous sodium hydroxide in two different ways, depending on the 
conditions used. In each case, water, sodium chloride and one other chlorine-containing 
compound are formed.

  For each condition below, give the formula of the other chlorine-containing compound 
and state the oxidation number of chlorine in it.

condition formula of other
chlorine-containing compound

oxidation number of
chlorine in this compound

cold dilute NaOH(aq)

hot concentrated NaOH(aq)

[4]

 (d)  Magnesium chloride, MgCl 2, and silicon tetrachloride, SiCl 4, each dissolve in or react 
with water.

  Suggest the approximate pH of the solution formed in each case.

 MgCl 2 ................................. SiCl 4 .................................

  Explain, with the aid of an equation, the difference between the two values.

  ...........................................................................................................................................

  ...........................................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [5]

[Total: 16]
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2  The commonest form of iron(II) sulfate is the heptahydrate, FeSO
4
.7H

2
O. On heating at 90 qC 

this loses some of its water of crystallisation to form a different hydrated form of iron(II) sulfate, 

FeSO
4
.xH

2
O.

  3.40 g of FeSO
4
.xH

2
O was dissolved in water to form 250 cm3 of solution.

  A 25.0 cm3 sample of this solution was acidifi ed and titrated with 0.0200 mol dm–3 potassium 

manganate(VII).

  In this titration 20.0 cm3 of this potassium manganate(VII) solution was required to react fully with 

the Fe2+ ions present in the sample.

 (a)  The MnO
4

– ions in the potassium manganate(VII) oxidise the Fe2+ ions in the acidifi ed solution.

 (i)  Explain, in terms of electron transfer, the meaning of the term oxidise in the sentence 

above.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (ii)  Complete and balance the ionic equation for the reaction between the manganate(VII) 
ions and the iron(II) ions. 

  MnO
4

–(aq)  +  5Fe2+(aq)  +  .........H+(aq)  o  .........(aq)  +  5Fe3+(aq)  +  .........H
2
O(l)

[3]

 (b) (i)  Calculate the number of moles of manganate(VII) used in the titration.

[1]

 (ii)  Use the equation in (a)(ii) and your answer to (b)(i) to calculate the number of moles of 

Fe2+ present in the 25.0 cm3 sample of solution used.

[1]

 (iii)  Calculate the number of moles of FeSO
4
.xH

2
O in 3.40 g of the compound.

[1]

 (iv)  Calculate the relative formula mass of FeSO
4
.xH

2
O.

[1]

 (v)  The relative formula mass of anhydrous iron(II) sulfate, FeSO
4
, is 151.8.

 Calculate the value of x in FeSO
4
.xH

2
O.

[1]

[Total: 9]
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 (d)  The chlorides of elements in Period 3 of the Periodic Table show different behaviours on 
addition to water, depending on their structure and bonding.

 (i)  Write equations to show the behaviour of sodium chloride, NaCl , and silicon chloride, 
SiCl 4 , when separately added to an excess of water.

 NaCl  ...................................................................................................................................

 SiCl 4  ...................................................................................................................................
[2]

 (ii)  State and explain the differences in behaviour of these two chlorides when added to water, 
in terms of their structure and the bonding found in the compounds.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

 (e)  Sulfur reacts with fl uorine to form SF6. State the shape and bond angle of SF6.

 shape of SF6  ..............................................................................................................................

 bond angle of SF6  ......................................................................................................................
[2]

[Total: 18]
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 (d)  The elements in Period 3 of the Periodic Table show different behaviours in their reactions with 
oxygen.

 (i)  Describe what you would see when separate samples of magnesium and sulfur are 
reacted with oxygen.

 Write an equation for each reaction.

 magnesium

  .............................................................................................................................................

  .............................................................................................................................................

 sulfur

  .............................................................................................................................................

  .............................................................................................................................................
[4]

 (ii)  Write equations for the reactions of aluminium oxide, Al 2O3, with

 sodium hydroxide,

  .............................................................................................................................................

 hydrochloric acid.

  .............................................................................................................................................
[2]

 (e)  Phosphorus reacts with chlorine to form PCl 5.

  State the shape of and two different bond angles in a molecule of PCl 5.

  shape of PCl 5  ............................................................................................................................

  bond angles in PCl 5 ............................                  ............................
[2]

[Total: 17]
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2  A 6.30 g sample of hydrated ethanedioic acid, H2C2O4.xH2O, was dissolved in water and the
solution made up to 250 cm3.

  A 25.0 cm3 sample of this solution was acidifi ed and titrated with 0.100 mol dm–3 potassium 
manganate(VII) solution. 20.0 cm3 of this potassium manganate(VII) solution was required to 
react fully with the ethanedioate ions, C2O4

2–, present in the sample.

 (a)  The MnO4
– ions in the potassium manganate(VII) oxidise the ethanedioate ions.

 (i)  Explain, in terms of electron transfer, the meaning of the term oxidise in the sentence 
above.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (ii)  Complete and balance the ionic equation for the reaction between the manganate(VII)  
ions and the ethanedioate ions.

 2MnO4
–(aq)  +  5C2O4

2–(aq)  +  .........H+(aq)  o  .........(aq)  +  10CO2(aq)  +  .........H2O(l)
[3]

 (b) (i) Calculate the number of moles of manganate(VII) used in the titration.

[1]

 (ii)  Use the equation in (a)(ii) and your answer to (b)(i) to calculate the number of moles of 
C2O4

2– present in the 25.0 cm3 sample of solution used.

[1]

 (iii)  Calculate the number of moles of H2C2O4.xH2O in 6.30 g of the compound.

[1]

 (iv)  Calculate the relative formula mass of H2C2O4.xH2O.

[1]

 (v)  The relative formula mass of anhydrous ethanedioic acid, H2C2O4, is 90.

 Calculate the value of x in H2C2O4.xH2O.

[1]

[Total: 9]
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 (d)  Sodium and silicon also react directly with chlorine to produce the chlorides shown.

chloride melting
point / °C

difference between the 
electronegativities of the elements

NaCl 801 2.2

SiCl 4 –69 1.3

 (i)  Describe what you would see during the reaction between sodium and chlorine.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (ii)  Explain the differences between the melting points of these two chlorides in terms of their 
structure and bonding. You should refer to the difference between the electronegativities 
of the elements in your answer.

 NaCl structure and bonding  ...............................................................................................

  .............................................................................................................................................

 SiCl 4 structure and bonding ................................................................................................

  .............................................................................................................................................

 explanation  .........................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

[Total: 20]
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Nitrogen & Sulphur

This topic introduces some of the chemistry associated with nitrogen and sulfur.

a explain the lack of reactivity of nitrogen

b describe and explain:

(i) the basicity of ammonia

(ii) he structure of the ammonium ion and its formation by an acid-base reaction

(iii) the displacement of ammonia from its salts

c state the industrial importance of ammonia and nitrogen compounds derived from 
ammonia

d state and explain the environmental consequences of the uncontrolled use of nitrate 
fertilisers

e state and explain the natural and man-made occurrences of oxides of nitrogen and 
their catalytic removal from the exhaust gases of internal combustion engines

f explain why atmospheric oxides of nitrogen are pollutants, including their catalytic 
role in the oxidation of atmospheric sulfur dioxide

g describe the formation of atmospheric sulfur dioxide from the combustion of sulfur-
contaminated fossil fuels

h state the role of sulfur dioxide in the formation of acid rain and describe the main 
environmental consequences of acid rain
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13 Nitrogen and sulfur

This topic introduces some of the chemistry associated with nitrogen and sulfur. 

Learning outcomes 
Candidates should be able to: 

13.1  Nitrogen a) explain the lack of reactivity of nitrogen
b) describe and explain:

(i) the basicity of ammonia (see also Section 7.2)
(ii)  the structure of the ammonium ion and its formation by an acid-base 

reaction
(iii) the displacement of ammonia from its salts

c) state the industrial importance of ammonia and nitrogen compounds 
derived from ammonia

d) state and explain the environmental consequences of the uncontrolled 
use of nitrate fertilisers

e) state and explain the natural and man-made occurrences of oxides of 
nitrogen and their catalytic removal from the exhaust gases of internal 
combustion engines

f) explain why atmospheric oxides of nitrogen are pollutants, including 
their catalytic role in the oxidation of atmospheric sulfur dioxide (see also 
Section 8.3(e)(iii)) 

13.2  Sulfur: the 
formation of 
atmospheric sulfur 
dioxide, its role in 
acid rain

a) describe the formation of atmospheric sulfur dioxide from the 
combustion of sulfur-contaminated fossil fuels

b) state the role of sulfur dioxide in the formation of acid rain and describe 
the main environmental consequences of acid rain

Syllabus content
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NITROGEN

Although 78% of air is Nitrogen, only a small portion is involved in 

the nitrogen cycle. 

Biological fixation and lightening remove nitrogen from the 

atmosphere. 

Nitrogen is then returned to the atmosphere by bacterial action. 

Commercially, it is obtained by fractional distillation of liquified air. 

Nitrogen exists as a diatomic gas, with a triple bonding between 

nitrogen atoms giving a bond energy of 994 kJ/mol.

 2
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This results in Nitrogen being inert as a lot of heat is required for 

the bond to break. 

Hence, most reactions involving Nitrogen are endothermic, owing to 

the high bond energy. 

Nitrogen is used to provide an inert atmosphere for food storage. 

Nitrogen is also used to manufacture Ammonia. 

This is done by reacting it with Hydrogen at 500oC and 100 atm. 

Iron catalyst is used to speed up the reaction.

 3

AMMONIA

Ammonia is a colourless gas with a pungent odour. 

Trigonal pyramidal, ammonia is a polar molecule, facilitating 

hydrogen bonds. 

Ammonia is highly soluble in water, and produces ammonium ions, 

releasing hydroxide ions in the process. 

NH3   +   H2O   ⇌   NH4+   +   OH— 

A weak base, ammonia precipitates all insoluble metallic hydroxides 

from aqueous solutions of their salts.

 4
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AMMONIA

Ammonia, due to the presence of a lone pair is able to accept protons. 

This is done by forming dative bonds. 

The ammonium ion formed is tetrahedral in shape, with a positive charge. 

Ammonium salts are all soluble in water, as they can form hydrogen bonds with 

water. 

Ammonia forms the basis of nitrogen industry. This industry covers a large array 

of products. 

Such as to manufacture nitric acid, as well as nitrate and sulfate based fertilizers. 

Also, Ammonia is used in window cleaning as well as in the manufacture of 

nylon.

 5

EUTROPHICATION

To be absorbed by plants, fertilizers have to be soluble in water. 

Excess fertilizers often get leached into the soil. 

This leads to high concentrations of nitrates in reservoirs, facilitating 

a rapid growth of algae. 

The algae soon block off sunlight from reaching the submerged 

aquatic plants, which soon die due to lack of photosynthesis. 

Bacteria feed on the dead organisms, and further lowers oxygen 

concentrations, resulting in death of almost all aquatic life.

 6
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SULFUR

Sulfur is a yellow, non metal solid. 

Found as S8 molecules, Sulfur has a melting point of 119oC with a 

boiling point of 444oC. 

Sulfur burns in air with a blue flame to form sulfur dioxide and trace 

amounts of sulfur trioxide.

 7

SULFUR DIOXIDE

Sulfur dioxide is an acidic oxide, that forms sulfurous acid when dissolved in 

water. 

It is obtained by burning sulfur compounds in air. 

Sulfur dioxide is released into the atmosphere by combustion of sulfur 

contaminated fuels and smelting of sulfide ores. 

Dissolving in water to give sulfurous acid, it rapidly gets oxidised to sulfuric 

acid. 

Nitrogen oxides from exhaust fumes catalyse this oxidation. 

This causes acid rain, which is harmful to marine life, humans, plants and 

buildings alike.

 8

CEDAR COLLEGE NITROGEN & SULPHUR



 325

NITROGEN AND SULFUR WS 1
SECTION A

1

2

3

4

5

 

7 

© UCLES 2015 9701/11/O/N/15 [Turn over 

19 Element X forms a pollutant oxide Y. Y can be further oxidised to Z. Two students made the 

following statements. 

 

Student P ‘The molecule of Y contains lone pairs of electrons.’ 

Student Q ‘The oxidation number of X increases by 1 from Y to Z.’ 

 

X could be carbon or nitrogen or sulfur. 

 

Which student(s) made a correct statement? 

A P only 

B Q only 

C both P and Q 

D neither P nor Q 

 

 

20 How many isomeric esters have the molecular formula C4H8O2? 

A 2 B 3 C 4 D 5 

 

 

21 A new jet fuel has been produced that is a mixture of different structural isomers of compound Q. 

 

Q
 

 

Which skeletal formula represents a structural isomer of Q? 

 

A B

C D

 

 

 

 

6  

© UCLES 2014 9701/12/M/J/14  

13  X and Y are oxides of different Period 3 elements. 

 

If one mole of Y is added to water, the solution formed is neutralised by exactly one mole of X. 

 

What could be the identities of X and Y? 

 

 X Y 

A Al 2O3 P4O10 

B Al 2O3 SO3 

C Na2O P4O10 

D Na2O SO3 

 

 

14  Ammonium sulfate in the soil is slowly oxidised by air, producing sulfuric acid, nitric acid and 

water as the only products. 

 

How many moles of oxygen gas are needed for the complete oxidation of one mole of ammonium 

sulfate? 

A 1 B 2 C 3 D 4 

 

 

15  Which statement about the oxides and hydroxides of the Group II elements Mg, Ca, Sr and Ba is 

correct? 

A Each of the oxides reacts readily with water to form a solution of pH 12 or above. 

B Magnesium oxide is used as a furnace lining because it has a giant molecular structure and 

hence a high melting point. 

C The hydroxides are produced directly by the thermal decomposition of the corresponding 

nitrates. 

D The solubility of the hydroxides increases from Mg(OH)2 to Ba(OH)2. 

 

 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The table gives the successive ionisation energies for an element X. 

 

 1st 2nd 3rd 4th 5th 6th 

ionisation energy / kJ mol
–1

 950 1800 2700 4800 6000 12 300 

 

What could be the formula of a chloride of X? 

A XCl B XCl 2  C XCl 3  D XCl 4  
 

 

2 Which set of conditions gives the highest yield of ammonia at equilibrium? 

 

N2 (g)  +  3H2 (g)    2NH3 (g) ∆H o  = –92 kJ mol
–1

 

 

 catalyst pressure temperature 

A absent high low 

B absent low high 

C present high high 

D present low low 

 

 

3 Use of the Data Booklet is relevant to this question. 

 

The compound S2 O7  is hydrolysed by water to produce sulfuric acid and oxygen only. 

 

Which volume of oxygen, measured at room temperature and pressure, is evolved when 0.352 g 

of S2 O7  is hydrolysed? 

A 12 cm
3

 B 24 cm
3

 C 48 cm
3

 D 96 cm
3

 

 

 

4 Nitrogen, N2 , and carbon monoxide, CO, both have Mr = 28. 

 

The boiling point of N2  is 77 K. 

 

The boiling point of CO is 82 K. 

 

What could be responsible for this difference in boiling points?  

A CO molecules have a permanent dipole, the N2  molecules are not polar. 

B N2  has σ and π bonding, CO has σ bonding only. 

C N2  has a strong N≡N bond, CO has a C=O bond. 

D The CO molecule has more electrons than the N2  molecule. 
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16 The diagram shows a diaphragm cell used for the electrolysis of brine. Brine is concentrated 

aqueous sodium chloride. 

 

brine 

exit pipe 

P Q

R S 

diaphragmanode   + _   cathode
 

 

A solution of sodium chlorate(I), commonly used as bleach, can be made by mixing which two 

substances? 

A P and R B P and S C Q and R D Q and S 

 

 

17 Which statement about the ammonium ion, NH4

+

, is correct? 

A All bond angles are 107°. 

B Ammonium ions are formed when ammonia behaves as an acid. 

C Ammonium ions are unreactive when heated with NaOH(aq). 

D The bonds are all the same length. 

 

 

18 Carbon monoxide, CO, nitrogen dioxide, NO2, and sulfur dioxide, SO2, are all atmospheric 

pollutants. 

 

Which reaction concerning these compounds occurs in the atmosphere? 

A CO is spontaneously oxidised to CO2 

B NO2 is reduced to NO by CO 

C NO2 is reduced to NO by SO2 

D SO2 is oxidised to SO3 by CO2 
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18 Total removal of the pollutant sulfur dioxide, SO2, is difficult. The quantities emitted from furnace 

chimneys can be lowered by using desulfurisation plants. The gases are reacted with calcium 

hydroxide to remove the SO2. 

 

What is the main product formed initially? 

A Ca(HSO4 )2 B CaS C CaSO3 D CaSO4  

 

 

19 Which oxide does not react with cold dilute sodium hydroxide to produce a salt? 

A Al 2O3 B P4 O10 C SO2 D SiO2 

 

 

20 Which row correctly describes the reaction between propene and bromine, Br2(l)? 

 

 reaction mechanism organic product 

A electrophilic addition CH3CHBrCH2Br 

B electrophilic addition CH3CH2CH2Br 

C nucleophilic substitution CH3CH2CH2Br 

D nucleophilic substitution CH3CHBrCH2Br 

 

 

21 Use of the Data Booklet is relevant to this question. 

 

Which compound has an Mr of 84 and will react with HBr to give a product with an Mr of 164.9? 

 

A B C D

O

 

 

 

22 1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal. 

 

CH3 CH2 CHCl 2 CH3 CH2 CHO
NaOH(aq)

 

 

Which term describes the first step of this reaction? 

A addition 

B elimination 

C oxidation 

D substitution 
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15 The solids sodium chloride and sodium iodide both react with concentrated sulfuric acid at room 

temperature.  

 

With NaCl , the products are NaHSO4 and HCl . 
With NaI, the products are NaHSO4, HI, I2, SO2, H2O, S and H2S. 

 

What is the best explanation for this difference in products? 

A Chloride ions will displace iodine from solution. 

B Hydrogen chloride is more volatile than hydrogen iodide. 

C Iodide ions are better reducing agents than chloride ions. 

D Sulfuric acid is able to act as a dehydrating agent with NaI. 

 

 

16 In some areas lime, Ca(OH)2, is added to soil to improve crop growth. 

 

Which statement correctly describes a reason why lime improves crop growth? 

A Lime acts as a catalyst which speeds up the release of nitrates into the soil. 

B Lime is an effective pesticide and protects the plants from damage. 

C Lime is used to reduce the acidity of the soil. 

D Lime lowers the pH of the soil. 

 

 

17  A piece of rock has a mass of 2.00 g. It contains calcium carbonate, but no other basic 

substances. It neutralises exactly 36.0 cm
3

 of 0.500 mol dm
–3

 hydrochloric acid. 

 

What is the percentage of calcium carbonate in the 2.00 g piece of rock? 

A 22.5% B 45.0% C 72.0% D 90.1% 

 

 

18 Which statement about the ammonia molecule and/or the ammonium ion is correct? 

A Ammonia molecules are basic because they can donate H
+

 ions. 

B Ammonium ions are basic because they can accept H
+

 ions. 

C If ammonium ions are heated with NaOH(aq), ammonia molecules are formed. 

D The bond angle in NH4

+

 is 2.5° less than the bond angle in NH3. 

 

 

19  Which reaction does not contribute to the problem of acid rain? 

A the combustion of fossil fuels 

B the oxidation of sulfur dioxide to sulfur trioxide catalysed by nitrogen dioxide 

C the reaction between nitrogen monoxide and carbon monoxide in a catalytic converter 

D the reaction of sulfur trioxide with water 
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16 Hydrogen chloride gas and hydrogen iodide gas have different thermal stabilities. The difference 
is due to a difference in the energies of some of the covalent bonds that are involved in the 
decomposition. 

 
Which row identifies the more stable of the two compounds, and gives the correct explanation? 

 

 identity of the more 
thermally stable compound 

explanation for the 
difference in stability 

A hydrogen chloride the Cl–Cl bond is stronger than the I–I bond 

B hydrogen chloride the H–Cl bond is stronger than the H–I bond 

C hydrogen iodide the Cl –Cl bond is stronger than the I–I bond 

D hydrogen iodide the H–Cl bond is stronger than the H–I bond 
 
 
17 Ammonium sulfate, (NH4)2SO4, and ammonium nitrate, NH4NO3, are used as fertilisers. 
 

These salts have different percentages by mass of nitrogen. They have the same effect as each 
other on the pH of neutral soil. 

 
Which row is correct? 

 

 higher percentage 
of nitrogen by mass effect on pH of soil 

A ammonium nitrate decrease 

B ammonium nitrate increase 

C ammonium sulfate decrease 

D ammonium sulfate increase 
 
 
18 River water in a chalky agricultural area contains Ca2+, Mg2+, CO3

2–, HCO3
–, Cl 

− and NO3
– ions. In 

a water treatment plant, such water is treated by adding a calculated quantity of calcium 
hydroxide. 

 
What will be precipitated from the river water following the addition of calcium hydroxide? 

A CaCl 2 B CaCO3 C Ca(NO3)2 D Mg(NO3)2 
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19 Use of the Data Booklet is relevant to this question. 

 

4.70 g of an ammonium salt is heated with excess aqueous sodium hydroxide. The volume of 

ammonia gas given off, measured at room temperature and pressure, is 1.41 dm
3

. 

 

Which ammonium salt was used? 

A ammonium bromide (Mr = 97.9) 

B ammonium carbonate (Mr = 96) 

C ammonium nitrate (Mr = 80) 

D ammonium sulfate (Mr = 132.1) 

 

 

20  Which ester is formed when the alcohol CH3CH2OH is reacted with CH3CH2CH2CO2H? 

A butyl ethanoate 

B ethyl butanoate 

C ethyl propanoate 

D propyl ethanoate 

 

 

21 Which compound shows optical isomerism? 

A 2-chloropropane 

B 1,2-dichloropropane 

C 1,3-dichloropropane 

D 2,2-dichloropropane 

 

 

22 Methanoic acid, HCO2H, has acidic properties similar to those of other carboxylic acids. In 

addition it can be oxidised by the same oxidising agents that are capable of oxidising aldehydes. 

 

Which pair consists of two compounds that will give the same observations with Fehling’s 

reagent? 

A HCO2H and CH3CO2H 

B HCO2H and CH3CO2CH3 

C HCO2H and CH3CH2COCH3 

D HCO2H and CH3CH2CHO 
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15 The solids sodium chloride and sodium iodide both react with concentrated sulfuric acid at room 

temperature.  

 

With NaCl , the products are NaHSO4 and HCl . 
With NaI, the products are NaHSO4, HI, I2, SO2, H2O, S and H2S. 

 

What is the best explanation for this difference in products? 

A Chloride ions will displace iodine from solution. 

B Hydrogen chloride is more volatile than hydrogen iodide. 

C Iodide ions are better reducing agents than chloride ions. 

D Sulfuric acid is able to act as a dehydrating agent with NaI. 

 

 

16 In some areas lime, Ca(OH)2, is added to soil to improve crop growth. 

 

Which statement correctly describes a reason why lime improves crop growth? 

A Lime acts as a catalyst which speeds up the release of nitrates into the soil. 

B Lime is an effective pesticide and protects the plants from damage. 

C Lime is used to reduce the acidity of the soil. 

D Lime lowers the pH of the soil. 

 

 

17  A piece of rock has a mass of 2.00 g. It contains calcium carbonate, but no other basic 

substances. It neutralises exactly 36.0 cm
3

 of 0.500 mol dm
–3

 hydrochloric acid. 

 

What is the percentage of calcium carbonate in the 2.00 g piece of rock? 

A 22.5% B 45.0% C 72.0% D 90.1% 

 

 

18 Which statement about the ammonia molecule and/or the ammonium ion is correct? 

A Ammonia molecules are basic because they can donate H
+

 ions. 

B Ammonium ions are basic because they can accept H
+

 ions. 

C If ammonium ions are heated with NaOH(aq), ammonia molecules are formed. 

D The bond angle in NH4

+

 is 2.5° less than the bond angle in NH3. 

 

 

19  Which reaction does not contribute to the problem of acid rain? 

A the combustion of fossil fuels 

B the oxidation of sulfur dioxide to sulfur trioxide catalysed by nitrogen dioxide 

C the reaction between nitrogen monoxide and carbon monoxide in a catalytic converter 

D the reaction of sulfur trioxide with water 
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10 Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe the reactions that occur when sulfur dioxide dissolves in water. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

11 Catalysts are an important feature of many industrial processes and biochemical reactions. 

 

Which row correctly describes the effect of a catalyst on a reversible chemical reaction? 

 

 position of equilibrium effect on value of ∆H 

A moved to right decreased 

B unaffected decreased 

C unaffected increased 

D unaffected unaffected 

 

 

12 The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What could element X be? 

A Al B Ca C Na D P 

 

 

13 Each pair below consists of a sample of two separate elements. Each element is in its standard 

state at room temperature and pressure. 

 

Which pair of elements has chemical bonds of the same type between their atoms? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 
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17 Nitrogen(II) oxide, NO, nitrogen(IV) oxide, NO2, carbon monoxide, CO, and unburnt 

hydrocarbons are present in the exhaust gases of internal combustion engines. When catalytic 

converters are used to remove these compounds from the exhaust gases, redox reactions occur. 

 

What happens to each compound in the catalytic converter? 

 

 NO NO2 CO hydrocarbons 

A oxidised oxidised reduced oxidised 

B oxidised oxidised oxidised oxidised 

C reduced reduced oxidised oxidised 

D reduced reduced reduced reduced 

 

 

18 An excess of chlorine gas, Cl 2, is passed through 60 cm
3

 of cold aqueous 0.1 mol dm
–3

 sodium 

hydroxide. In a separate experiment an excess of chlorine gas is passed through 60 cm
3

 of hot 

aqueous 0.1 mol dm
–3

 sodium hydroxide until no further reaction takes place. 

 

How much more sodium chloride will be produced by the reaction with hot NaOH than with cold 

NaOH? 

A 0.002 moles 

B 0.003 moles 

C 0.005 moles 

D 0.006 moles 

 

 

19 Fluorine and iodine are Group 17 elements. Their melting points are different due to differing 

strengths of van der Waals’ forces between molecules. 

 

Which row is correct? 

 

 melting point 
strength of van der Waals’ 

forces between molecules 

A F2 > I2 F2 > I2 

B F2 > I2 F2 < I2 

C F2 < I2 F2 < I2 

D F2 < I2 F2 > I2 
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14 A 0.005 mol sample of anhydrous calcium carbonate was completely thermally decomposed to 

give 100 cm
3

 of gas measured at a certain temperature and pressure. 

 

In a separate experiment carried out at the same temperature and pressure, a 0.005 mol sample 

of anhydrous calcium nitrate was completely thermally decomposed. The volume of gaseous 

products was measured. 

 

What total volume of gaseous products was produced from the calcium nitrate? 

A 50 cm
3

 B 100 cm
3

 C 200 cm
3

 D 250 cm
3

 

 

 

15 Ammonia gas, NH3, and hydrogen sulfide gas, H2 S, react together to form the salt ammonium 

sulfide, (NH4)2 S. Ammonium sulfide dissolves in water to produce an orange alkaline solution. 

 

(NH4)2 S(aq)    NH3(aq)  +  NH4SH(aq) 

 

The addition of NaOH(aq) to this solution produces a gas, X. 

The addition of HCl (aq) to a separate portion of this solution produces a gas, Y. 

 

What are the identities of X and Y? 

 

 X Y 

A H2 S H2 S 

B H2 S NH3 

C NH3 H2 S 

D NH3 NH3 

 

 

16 A solid, T, was placed in an excess of the liquid U. 

 

A colourless gas was given off and a white precipitate was seen. The precipitate was not T. 

 

What could be the identities of T and U? 

 

 T U 

A BaCO3 H2 O 

B Ca dilute H2 SO4 

C Mg dilute H2 SO4 

D SrCO3 dilute HCl 
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17 Two students, P and Q, were asked to draw bar charts to represent how some properties of the 

halogens and their compounds differ in magnitude. Their diagrams are shown. The bar charts 

show trends only and not actual values. 

 

0

solubility
Cl

Br

I

student P

solubility of AgX(s) in NH3(aq)

0

∆H o
Cl Br I

student Q

∆H 
o for H2(g)  +  X2(g)  →  2HX(g)

 

 

Which of the students have drawn bar charts which show the trends correctly? 

A both P and Q 

B P only 

C Q only 

D neither P nor Q 

 

 

18 In a series of nine experiments to test the reactivity of the halogens, an aqueous solution of each 

halogen was added to an equal volume of an aqueous solution containing halide ions as shown 

in the table below. 

 

solution sodium chloride (aq) sodium bromide (aq) sodium iodide (aq) 

chlorine (aq) experiment 1 experiment 2 experiment 3 

bromine (aq) experiment 4 experiment 5 experiment 6 

iodine (aq) experiment 7 experiment 8 experiment 9 

 

The nine resulting mixtures were then shaken with hexane. The nine tubes were corked and left 

to stand so that the aqueous and organic solvents could separate into layers. 

 

How many test-tubes contained a purple upper layer? 

A 1 B 2 C 3 D 5 

 

 

19 Which statement does not describe an effect of acid rain on the environment? 

 

A Acid rain causes erosion of stone buildings. 

B Acid rain causes ozone depletion. 

C Acid rain increases the corrosion of some metals. 

D Acid rain increases the leaching away of essential nutrients and minerals from soils. 
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18 The reaction of nitrogen and oxygen to produce oxides of nitrogen happens at high temperatures 
in car engines or lightning strikes during thunderstorms. 

 
What is the main reason for these reactions requiring such high temperatures? 

A the lack of reactivity of nitrogen, due to the half-filled 2p subshell in the nitrogen atom 

B the lack of reactivity of nitrogen, due to the strength of the bond in N2 

C the lack of reactivity of oxygen, due to electron-electron repulsion in one of its 2p orbitals 

D the lack of reactivity of oxygen, due to the strength of the bond in O2 
 
 
19 X is a mixture of two compounds of Group 2 elements. 
 

X undergoes thermal decomposition to produce a white solid and only two gaseous products. 
One of the gaseous products relights a glowing splint. 

 
What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

C Mg(NO3)2 and Ca(NO3)2 

D MgO and CaO 
 
 
20 Which compound does not exhibit stereoisomerism? 

A CH3CHCl CH2CHO 

B CH3CHCHCH3 

C CH2Cl CH2CCl 2H 

D CHCl CHCl 
 
 
21 The diagram shows the skeletal formula of citric acid. 
 

O
OO

OH

OH
OHHO

citric acid  
 

What is the molecular formula of citric acid? 

A C6H8O7 B C6H4O7 C C8H8O7 D C10H8O7 
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17 When heated, magnesium nitrate decomposes. 

 

Which equation for the thermal decomposition of magnesium nitrate is correct? 

A Mg(NO3 )2  →  MgO  +  NO2  +  NO  +  O2 

B 2Mg(NO3 )2  →  2MgO  +  4NO  +  3O2 

C 2Mg(NO3 )2  →  2MgO  +  4NO2  +  O2 

D 3Mg(NO3 )2  →  Mg2N3   +  MgO  +  3NO  +  7O2 

 

 

18 Chlorine and bromine have different volatilities. 

 

Which row identifies the more volatile of the two elements, and gives the correct explanation? 

 

 
identity of the 

more volatile element 

explanation for the 

difference in volatility 

A 

 

bromine 

 

instantaneous dipole-induced dipole forces 

are greater in bromine than they are in chlorine 

B 

 

bromine 

 

instantaneous dipole-induced dipole forces 

are greater in chlorine than they are in bromine 

C 

 

chlorine 

 

instantaneous dipole-induced dipole forces 

are greater in bromine than they are in chlorine 

D 

 

chlorine 

 

instantaneous dipole-induced dipole forces 

are greater in chlorine than they are in bromine 

 

 

19 Water and ammonia take part in a reaction that produces the ammonium ion. 

 

Which statement about this reaction is correct? 

A Neither the ammonia molecule nor the ammonium ion has a dipole moment. 

B The bond angle changes from 109.5 ° in the ammonia molecule to 107° in the ammonium ion. 

C The reaction is a redox reaction. 

D The water is acting as an acid. 
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14 An excess of MgO is shaken with water. The resulting mixture is filtered into test-tube X. 
 

An excess of BaO is shaken with water. The resulting mixture is filtered into test-tube Y. 
 

Which oxide reacts more readily with water and which filtrate has the lower pH? 
 

 oxide reacts more 
readily with water 

test-tube with 
filtrate of lower pH 

A barium oxide X 

B barium oxide Y 

C magnesium oxide X 

D magnesium oxide Y 
 
 
15 Samples of magnesium carbonate, MgCO3, are placed in crucibles R and S. The sample in 

crucible R is heated until there is no further loss in mass, and then allowed to cool. The sample in 
crucible S is left unheated. 

 
Dilute hydrochloric acid is then added to both crucibles. 

 
On adding the dilute hydrochloric acid, which observations are correct? 

 
 R S 

A gas produced gas produced 

B gas produced no gas produced 

C no gas produced gas produced 

D no gas produced no gas produced 
 
 
16 Which statement about nitrogen or its compounds is correct? 

A In the Haber process the temperature is kept high to give a good equilibrium yield of 
ammonia. 

B Nitrogen gas is unreactive because of the strong nitrogen-nitrogen double bond. 

C Nitrogen monoxide will react with carbon monoxide under suitable conditions. 

D The formula of ammonium sulfate is NH4SO4. 
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7 The following data are needed for this question. 
 

 (P4O10(s)) = –3012 kJ mol–1 

 (H2O(l)) = –286 kJ mol–1 

 (H3PO4(s)) = –1279 kJ mol–1 
 

What is ∆H 
o for the reaction shown? 

 
P4O10(s)  +  6H2O(l)  →  4H3PO4(s) 

 
A –9844 kJ mol–1 

B –388 kJ mol–1 

C –97 kJ mol–1 

D +2019 kJ mol–1 
 
 
8 Which statement is always correct for an oxidation reaction? 

A It involves the gain of oxygen by an element. 

B For one reactant to be oxidised a different reactant must be reduced. 

C The element or ion being oxidised will gain electrons. 

D The oxidation number of the element being oxidised will increase. 
 
 
9 Nitrogen dioxide, NO2, is a brown gas. 
 

Dinitrogen tetroxide, N2O4, is a colourless gas. 
 
An equilibrium is established between NO2 and N2O4 in a closed vessel. 

 
 2NO2(g)    N2O4(g) ∆H = –57 kJ mol–1 
 brown colourless 
 

Which row describes the effects of changing conditions on the colour of an equilibrium mixture of 
NO2 and N2O4? 

 
 increasing the pressure increasing the temperature 

A colour becomes darker colour becomes darker 

B colour becomes darker colour becomes lighter 

C colour becomes lighter colour becomes darker 

D colour becomes lighter colour becomes lighter 
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16 Aqueous silver nitrate is added to a solution of potassium iodide. 
 

Aqueous ammonia is then added. 
 

What would be observed? 

A a cream precipitate that dissolves on addition of aqueous ammonia 

B a cream precipitate that does not dissolve on addition of aqueous ammonia 

C a yellow precipitate that dissolves on addition of aqueous ammonia 

D a yellow precipitate that does not dissolve on addition of aqueous ammonia 
 
 
17 Oxides of nitrogen are present in the environment due to natural and man-made sources. 
 

Which row is correct? 
 

 natural source of nitrogen oxides man-made source of nitrogen oxides 

A electrical discharges in the atmosphere internal combustion engines 

B electrical discharges in the atmosphere as a by-product of the Haber process 

C decomposition of dead plants in rivers internal combustion engines 

D decomposition of dead plants in rivers as a by-product of the Haber process 
 
 
18 When 3.00 g of an anhydrous nitrate of a Group 2 metal is decomposed, 1.53 g of gas is 

produced. 
 

What is the nitrate compound? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 
 
 
19 Which row correctly describes one property of barium and one property of barium oxide? 
 

 
observation when 
barium metal is 
added to water 

pH of solution obtained when 
a spatula measure of BaO is 

added to 100 cm3 of water 

A 
 

a few gas bubbles 
form on the metal surface 

8 
 

B 
 

a few gas bubbles 
form on the metal surface 

13 
 

C rapid effervescence is seen 8 

D rapid effervescence is seen 13 

�
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18 The product of the Contact process is Z. 
 

Which reaction or process leads to the formation of a gas that can neutralise an aqueous solution 
of Z? 

A atmospheric lightning 

B combustion of fuel in an internal combustion engine 

C the Haber process 

D thermal decomposition of Group 2 nitrates 
 
 
19 If ammonium cyanate is heated in the absence of air, the only product of the reaction is urea, 

CO(NH2)2. No other products are formed in the reaction. 
 

What is the formula of the cyanate ion present in ammonium cyanate? 

A CON2
– B CON2

2– C OCN– D OCN2– 
 
 
20 There are three structural isomers with the formula C5H12. 
 

Which formulae correctly represent these three structural isomers? 

A CH3CH2CH2CH2CH3 CH3CH(CH3)CH2CH3 C(CH3)4 

B CH3CH2CH2CH2CH3 CH3CH(CH3)CH2CH3 CH3CH2CH(CH3)CH3 
 

C

D
 

 
 
21 The diagram shows a molecule that has σ bonds and π bonds. 
 

OCH2CH2 CH2 CH2CHCH C

O

 
 

How many σ bonds are present in this molecule? 

A 15 B 17 C 18 D 21 
 
 

E
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18 The reaction of nitrogen and oxygen to produce oxides of nitrogen happens at high temperatures 
in car engines or lightning strikes during thunderstorms. 

 
What is the main reason for these reactions requiring such high temperatures? 

A the lack of reactivity of nitrogen, due to the half-filled 2p subshell in the nitrogen atom 

B the lack of reactivity of nitrogen, due to the strength of the bond in N2 

C the lack of reactivity of oxygen, due to electron-electron repulsion in one of its 2p orbitals 

D the lack of reactivity of oxygen, due to the strength of the bond in O2 
 
 
19 X is a mixture of two compounds of Group 2 elements. 
 

X undergoes thermal decomposition to produce a white solid and only two gaseous products. 
One of the gaseous products relights a glowing splint. 

 
What could be the components of mixture X? 

A MgCl 2 and CaCO3 

B MgCO3 and Ca(NO3)2 

C Mg(NO3)2 and Ca(NO3)2 

D MgO and CaO 
 
 
20 Which compound does not exhibit stereoisomerism? 

A CH3CHCl CH2CHO 

B CH3CHCHCH3 

C CH2Cl CH2CCl 2H 

D CHCl CHCl 
 
 
21 The diagram shows the skeletal formula of citric acid. 
 

O
OO

OH

OH
OHHO

citric acid  
 

What is the molecular formula of citric acid? 

A C6H8O7 B C6H4O7 C C8H8O7 D C10H8O7 
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10 0.200 mol of sulfur dioxide and 0.200 mol of oxygen are placed in a 1.00 dm3 sealed container. 
The gases are allowed to react until equilibrium is reached. 

 
2SO2  +  O2    2SO3 

 
At equilibrium there is 0.100 mol of SO3 in the container. 

 
What is the value of Kc? 

A 0.150 mol dm–3 

B 0.800 mol dm–3 

C 1.25 mol–1
 dm3 

D 6.67 mol–1
 dm3 

 
 
11 Two reactions are shown. 
 

reaction 1 N2(g)  +  3H2(g)    2NH3(g) 

reaction 2 2O3(g)    3O2(g) 
 

In reaction 1, a finely powdered iron catalyst is used. 
 

In reaction 2, a vaporised tetrachloromethane catalyst in ultraviolet light is used. 
 

Which statement about the catalysts used is correct? 

A Both reaction 1 and reaction 2 use a heterogeneous catalyst. 

B Both reaction 1 and reaction 2 use a homogeneous catalyst. 

C Reaction 1 uses a heterogeneous catalyst and reaction 2 uses a homogeneous catalyst. 

D Reaction 1 uses a homogeneous catalyst and reaction 2 uses a heterogeneous catalyst. 
 
 
12 Sodium and sulfur are burned separately in oxygen. 
 

Each reaction has a distinctive coloured flame. 
 

Which row is correct? 
 

 Na  +  O2 S  +  O2 

A white blue 

B white yellow 

C yellow blue 

D yellow yellow 
 
 

§
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16 In Group 2 of the Periodic Table, the properties of the elements and their compounds show 
regular change down the group. 

 
Which property shows a decrease from magnesium to barium? 

A the decomposition temperature of the carbonates  

B the decomposition temperature of the nitrates  

C the solubility of the hydroxides 

D the solubility of the sulfates 
 
 
17 When concentrated sulfuric acid is added to solid sodium bromide, bromine gas is produced, 

along with a number of other products. However when concentrated sulfuric acid is added to solid 
sodium chloride only hydrogen chloride and sodium hydrogensulfate are produced. 

 
What is the reason for this difference? 

A Bromine is less volatile than chlorine. 

B Hydrochloric acid is a weak acid. 

C Sulfuric acid is not an oxidising agent. 

D The bromide ion is a stronger reducing agent than the chloride ion. 
 
 
18 The dative covalent bond can be represented by an arrow, . The arrow points towards the 

atom receiving the lone pair. 
 

Which diagram of an ammonium ion is correct? 
 

A

H

H

N HH

B

H

H

N HH

C

H

H

N HH

D

H+ – + –

H

N HH

 
 
 
19 Sulfur dioxide can be catalytically oxidised by an oxide of nitrogen in the atmosphere. 
 

Which reaction shows the regeneration of the catalyst? 

A N2  +  2O2    2NO2 

B 4NH3  +  5O2  →  4NO  +  6H2O 

C N2  +  O2  →  2NO 

D NO  +  2O2
1   →  NO2 

 
 

:
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  Ammonia and chlorine react in the gas phase. 

 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 

 

Which statements are correct? 

1 Each nitrogen atom is oxidised. 

2  Each chlorine atom is reduced. 

3 Ammonia behaves as a base. 

 

 

35 Which statements about calcium and strontium compounds are correct? 

1 When calcium oxide and strontium oxide are added to water they both produce alkalis. 

2  Calcium hydroxide is more soluble than strontium hydroxide. 

3 Calcium sulfate is less soluble than strontium sulfate. 

 

 

36  Which descriptions of the ammonium ion are correct? 

1 It contains ten electrons. 

2  It has a bond angle of 109.5°. 

3 It has only three bonding pairs of electrons. 

 

 

37  Compound Q is obtained by adding H2O across the double bond in compound P. 

 

OH

P Q
 

 

Which statements about these two compounds are correct? 

1 P shows cis-trans isomerism. 

2  Q contains two chiral centres. 

3 Q is a tertiary alcohol. 

 

14  
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The technetium-99 isotope, 
99

Tc, is radioactive and has been found in lobsters and seaweed near 

to nuclear fuel reprocessing plants. 

 

Which statements about an atom of 
99

Tc are correct? 

1 It has 13 fewer protons than neutrons. 

2  It forms 
99

Tc
2+

 which has 45 electrons. 

3 It has 56 nucleons. 

 

 

32  Nitrogen exists in air as covalently bonded diatomic molecules, N2. 

 

Which features are present in one N2 molecule? 

1 three π bonds 

2  three shared pairs of electrons 

3 two lone pairs of electrons 

 

 

33 When dilute acid is added to an aqueous solution containing nitrite ions, NO2

–

, a mixture of gases 

is produced. 

 

2H
+

(aq)  +  2NO2

–

(aq)  →  H2O(l)  +  NO(g)  +  NO2(g) 

 

Which statements correctly describe the process? 

1 Some nitrogen atoms are oxidised and some nitrogen atoms are reduced. 

2  The H
+

(aq) ion is oxidised by NO2

–

(aq). 

3 The H
+

(aq) ion acts as a catalyst. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  Ammonia and chlorine react in the gas phase. 

 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 

 

Which statements are correct? 

1 Each nitrogen atom is oxidised. 

2  Each chlorine atom is reduced. 

3 Ammonia behaves as a base. 

 

 

35 Which statements about calcium and strontium compounds are correct? 

1 When calcium oxide and strontium oxide are added to water they both produce alkalis. 

2  Calcium hydroxide is more soluble than strontium hydroxide. 

3 Calcium sulfate is less soluble than strontium sulfate. 

 

 

36  Which descriptions of the ammonium ion are correct? 

1 It contains ten electrons. 

2  It has a bond angle of 109.5°. 

3 It has only three bonding pairs of electrons. 

 

 

37  Compound Q is obtained by adding H2O across the double bond in compound P. 

 

OH

P Q
 

 

Which statements about these two compounds are correct? 

1 P shows cis-trans isomerism. 

2  Q contains two chiral centres. 

3 Q is a tertiary alcohol. 

 

15 

© UCLES 2015 9701/13/M/J/15 [Turn over 

34 Which physical properties are due to hydrogen bonding between water molecules? 

1 Water has a higher boiling point than H2S. 

2 Ice floats on water. 

3 The H−O−H bond angle in water is approximately 104°. 

 

 

35 Under atmospheric conditions, in which transformations is sulfur dioxide involved as either a 

reagent or a catalyst? 

1 NO2 to NO 

2 NO to NO2 

3 CO to CO2 

 

 

36 The element astatine, At, is below iodine in Group VII of the Periodic Table. 

 

Which statements concerning At can be predicted to be correct? 

1 At2 reacts with hydrogen more slowly than I2 does. 

2 At – ions react with I2(aq) to form At2 molecules. 

3 At2 is a dark coloured solid at room temperature. 

 

 

37 The diagram shows a molecule of a compound used as a flame retardant. 

 

Br

Br

Br

Br

Br

Br
 

 

Which statements about this structure are correct? 

1 Each brominated C atom is chiral. 

2 The molecular formula is C12H20Br6. 

3 The C–C–C bond angles are all 120°. 

 

 

�

13 

© UCLES 2017 9701/13/M/J/17 [Turn over 

Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The technetium-99 isotope, 
99

Tc, is radioactive and has been found in lobsters and seaweed near 

to nuclear fuel reprocessing plants. 

 

Which statements about an atom of 
99

Tc are correct? 

1 It has 13 fewer protons than neutrons. 

2  It forms 
99

Tc
2+

 which has 45 electrons. 

3 It has 56 nucleons. 

 

 

32  Nitrogen exists in air as covalently bonded diatomic molecules, N2. 

 

Which features are present in one N2 molecule? 

1 three π bonds 

2  three shared pairs of electrons 

3 two lone pairs of electrons 

 

 

33 When dilute acid is added to an aqueous solution containing nitrite ions, NO2

–

, a mixture of gases 

is produced. 

 

2H
+

(aq)  +  2NO2

–

(aq)  →  H2O(l)  +  NO(g)  +  NO2(g) 

 

Which statements correctly describe the process? 

1 Some nitrogen atoms are oxidised and some nitrogen atoms are reduced. 

2  The H
+

(aq) ion is oxidised by NO2

–

(aq). 

3 The H
+

(aq) ion acts as a catalyst. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
34 A student carried out two experiments using MnO2 as a catalyst to decompose hydrogen 

peroxide. The equation for this reaction is shown. 
 

2H2O2(aq)  o  2H2O(l)  +  O2(g) 
 

The student’s results are recorded in the table. 
 

 mass MnO2 conditions vol H2O2 final vol O2 time taken 

experiment 1 0.25 g room conditions 10.0 cm3 480 cm3 200 s 

experiment 2 0.25 g room conditions 10.0 cm3 480 cm3 500 s 
 

Which statements are correct? 

1 The activation energy was the same for both experiments. 

2 The concentration of the hydrogen peroxide solution used was 4.0 mol dm–3. 

3 The MnO2 used in experiment 1 was in larger pieces than the MnO2 used in experiment 2. 
 
 
35 The formula of a solid magnesium compound is Mg(NO3)2.6H2O. When the solid compound is 

heated in a hard-glass test-tube, one or more changes are observed. 
 

Which statements are correct? 

1 Strong heating produces a basic residue. 

2 Strong heating produces a brown gas. 

3 Gentle heating produces colourless droplets of liquid on the upper parts of the test-tube. 
 
 
36 Sulfur dioxide is an atmospheric pollutant. 
 

What might result from the release of sulfur dioxide gas into the atmosphere? 

1 reduction of NO2 to NO 

2 depletion of aquatic life 

3 corrosion of limestone statues 
 
 

�
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 Hydrogen sulfide can be oxidised to form sulfur dioxide. 
 

2H2S  +  3O2  →  2SO2  +  2H2O 
 

Which statements are correct? 

1 The oxidation number of sulfur increases by 6. 

2 The oxidation number of oxygen increases by 2. 

3 The oxidation number of hydrogen decreases. 
 
 
34 Methanoic acid, HCO2H, and hydrocyanic acid, HCN, can both behave as acids. 
 

A solution of methanoic acid has a lower pH than a solution of hydrocyanic acid of the same 
concentration. 

 
Which statements explain this? 

1 HCO2H molecules dissociate more fully than HCN molecules do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCN molecule only has one. 

3 Methanoic acid is a weaker acid than hydrocyanic acid. 
 
 
35 Which statements correctly describe a trend on going down Group 2? 

1 Reactivity of the elements increases. 

2 First ionisation energy of the elements decreases. 

3 The hydroxides become more soluble in water. 
 
 
36 Modern cars are fitted with catalytic converters to reduce atmospheric pollution caused by 

unwanted reactions during the combustion of the fuel. 
 

Which statements are correct? 

1 Carbon monoxide is oxidised to carbon dioxide in a catalytic converter. 

2 Catalytic converters have a very large surface area. 

3 Nitrogen dioxide is reduced to nitrogen monoxide in a catalytic converter. 
 

!
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33 One way of recovering tin from old printed circuit boards is to dissolve it in a mixture of 

concentrated hydrochloric acid and concentrated nitric acid. The tin dissolves because it reacts 

with the mixture of these concentrated acids. 

 

Sn  +  4HCl  +  2HNO3  →  SnCl 4  +  NO2  +  NO  +  3H2O 

 

Which statements about this reaction are correct? 

1 Nitrogen is present in three different oxidation states in the reactants and products. 

2 The oxidation state of tin increases from 0 to +4. 

3 The oxidation state of chlorine remains the same. 

 

 

34 The following reaction takes place in a suitable solvent. 

 

Na
+
NH2

–
  +  NH4

+
Cl –  →  Na

+
Cl –  +  2NH3 

 

Which statements explain why this reaction should be classified as a Brønsted-Lowry acid-base 

reaction? 

1 The ammonium ion acts as a proton donor. 

2 Na
+
Cl – is a salt. 

3 Ammonia is a nucleophile. 

 

 

35 Which statements about the elements barium and calcium and their compounds are correct? 

1 Barium nitrate decomposes at a higher temperature than calcium nitrate. 

2 Barium hydroxide is more soluble in water than is calcium hydroxide. 

3 Calcium is more reactive with water than is barium. 

 

 

36 Which statements explain why nitrogen gas is unreactive? 

1 Nitrogen atoms are highly electronegative. 

2 Nitrogen molecules are non-polar. 

3 The triple bond between nitrogen atoms is very strong. 

 

 

37 In which molecules do all the carbon atoms lie in the same plane? 

1 2,3-dimethylbut-2-ene 

2 propane 

3 cyclohexane 

 

 

!
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34 The rate of chemical reactions can be increased by the addition of a suitable catalyst. 
 

For which reactions can a heterogeneous catalyst be used? 

1 N2  +  3H2    2NH3 

2 2SO2  +  O2    2SO3 

3 2NO  +  2CO    N2  +  2CO2 
 
 
35 Which chlorides, when added to water, can produce a solution with a pH of less than 5? 

1 SiCl 4 

2 Al Cl 3 

3 MgCl 2 
 
 
36 Acid rain continues to be a problem. 
 

Which statements about acid rain are correct? 

1 Acid rain is formed when oxides of nitrogen or oxides of sulfur react with water in the 
atmosphere. 

2 Acid rain causes an increase in the concentration of heavy metal ions in water courses. 

3 Nitrogen dioxide will catalyse the formation of SO3 from SO2 in the atmosphere. 
 
 
37 Which compounds contain a chiral centre? 

1 2-hydroxybutanoic acid 

2 3-hydroxybutanoic acid 

3 4-hydroxybutanoic acid 
 
 
38 The diagram shows the monomer used to make polyvinyl chloride, PVC. 
 

 
 

Assuming that one particular molecule of the polymer forms from n molecules of the monomer 
(where n is many thousands), which statements are correct? 

1 The relative molecular mass of this polymer molecule is approximately 62.5n. 

2 There are n chiral carbon atoms in this polymer molecule. 

3 There are 5n V bonds in one polymer molecule. 
 
 

C C

H

Cl

H

H
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33 The diagram shows the Boltzmann distribution of molecular energies in one mole of a gas at two 

temperatures, T1  and T2. 

 

proportion of
molecules
with a
given energy

molecular energy

E1

T1

E2

T2

 

 

Which statements are correct? 

1 The shaded area represents the proportion of molecules with energies between E 1  and E 2 at 

temperature T2. 

2 No particles have zero energy at either temperature. 

3 T2 is a lower temperature than T1 . 

 

 

34 When KCl O3  is heated, the following reaction occurs. 

 

4KCl O3   →  3KCl O4   +  KCl 

 

Which statements are correct? 

1 The oxidation state of Cl in KCl O3  is +5. 

2 The oxidation state of some Cl atoms decreases by 6. 

3 The reaction involves disproportionation. 

 

 

35 Why is the first ionisation energy of aluminium less than that of magnesium? 

1 The outer electron in the aluminium atom is more shielded from the nuclear charge. 

2 The outer electron in the aluminium atom is in a higher energy orbital. 

3 The outer electron in the aluminium atom is further from the nucleus. 

 

 

36 Ammonia is a colourless gas that is produced by the Haber process. 

 

Which statements about ammonia are correct? 

1 An ammonia molecule has three bond pairs and one lone pair of electrons. 

2 If ammonia is bubbled into water the pH of the solution will increase. 

3 Ammonia gas can be made by warming ammonium sulfate with aqueous hydrochloric acid. 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Nitrogen and phosphorus are both in Group 15 of the Periodic Table. Phosphorus forms a 

chloride with the formula PCl 5 but nitrogen does not form NCl 5. 
 

Which statements help to explain this? 

1 Nitrogen’s outer shell cannot contain more than eight electrons. 

2 Nitrogen cannot have an oxidation state of +5. 

3 Nitrogen is less electronegative than phosphorus. 

 

 

32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm
3

 to 20.5 cm
3

. 

 

Which statements are possible explanations for this result? 

1 The gas does not behave ideally. 

2 The gas partially liquefies. 

3 Some of the gas is lost from the container. 

 

 

33 Which of these statements are always correct? 

1 The sum of the oxidation numbers of all the atoms in a compound is zero. 

2 The oxidation number of sodium in a salt is positive. 

3 The oxidation number of chlorine in a compound is negative. 
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34 Which statements are correct when a reversible reaction is at equilibrium? 

1 All species are at equal concentration. 

2 The concentrations of all species remain constant. 

3 The rate of the forward reaction equals the rate of the reverse reaction. 

 

 

35 Each of the three mixtures shown can result in a chemical reaction. 

 

Which mixtures result in a redox reaction? 

1 bromine + hydrogen 

2 sodium chloride + concentrated sulfuric acid 

3 potassium iodide + silver nitrate 

 

 

36 Which statements correctly describe an oxide of nitrogen acting as an atmospheric pollutant? 

1 Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide which contributes to 

acid rain. 

2 Nitrogen dioxide reacts with sulfur dioxide to form sulfur trioxide which reacts with water to 

form sulfuric acid. 

3 Nitrogen oxides react with unburnt hydrocarbons in sunlight to form other pollutants. 

 

 

37 Polymer Z contains the length of polymer chain shown below. 

 

This short length of chain is found many times within the chains of polymer Z, although it is not 
the repeat unit. 

 

– CH2 – CHCl – CH2 – 

 

What could be the name of polymer Z? 

1 poly(2-chloropropene) 

2 poly(chloroethene) 

3 PVC 
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2  The Contact process for the manufacture of sulfuric acid was originally patented in the
19th century and is still in use today.

  The key step in the overall process is the reversible conversion of sulfur dioxide to sulfur trioxide in 
the presence of a vanadium(V) oxide catalyst.

 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –196 kJ mol–1

 (a)  One way in which the sulfur dioxide for this reaction is produced is by heating the sulfi de ore 
iron pyrites, FeS2, in air. Iron(III) oxide is also produced. Write an equation for this reaction.

  ..............................................................................................................................................   [2]

 (b)  The sulfur trioxide produced in the Contact process is reacted with 98% sulfuric acid. The 
resulting compound is then reacted with water to produce sulfuric acid.

 (i)  Explain why the sulfur trioxide is not fi rst mixed directly with water.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (ii)  Write equations for the two steps involved in the conversion of sulfur trioxide into sulfuric 
acid.

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (c) (i)  Sulfur dioxide and sulfur trioxide both contain only S=O double bonds.

  Draw labelled diagrams to show the shapes of these two molecules.

 SO2 SO3

[2]

 (ii)  For your diagrams in (i), name the shapes and suggest the bond angles.

 SO2 shape  .................................................    SO3 shape  ...................................................

 SO2 bond angle  .........................................    SO3 bond angle  ...........................................
[2]
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 (ii)  Write equations for the reaction of sulfur trioxide with sulfuric acid and for the subsequent 
reaction with water.

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (d)   Explain why sulfur dioxide is used as an additive in some foods and wines.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................   [2]

 (e)  The sulfur dioxide content of wine is most commonly measured by the Ripper Method which 
involves titration with iodine in the presence of starch as an indicator.

SO2(aq)  +  I2(aq)  +  2H2O(l)  →  2I –(aq)  +  SO4
2–(aq)  +  4H+(aq)

  A 50.0 cm3 sample of wine required 12.35 cm3 of 0.010 mol dm–3 I2(aq) for complete reaction 
with the SO2.

 (i)  How many moles of SO2 are present in 50.0 cm3 of wine?

moles of SO2 in 50.0 cm3 = .................................  [1]

 (ii)  How many moles of SO2 are present in 1 dm3 of wine?

moles of SO2 in 1 dm3 = .................................  [1]

 (iii)  How many milligrams, mg, of SO2 are present in 1 dm3 of wine? Give your answer to three 
signifi cant fi gures. (1 g = 1000 mg)

mass of SO2 in 1 dm3 = ................................. mg  [1]

[Total: 18]
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2  Sulfuric acid is an important chemical with a variety of uses.

  It is manufactured by the Contact process, the fi rst stage of which involves the conversion of sulfur 
or a sulfi de ore, such as galena, PbS, into sulfur dioxide, SO2.

 (a) (i)  Write an equation for the reaction between galena and oxygen to form sulfur dioxide and 
lead(II) oxide.

  .......................................................................................................................................   [2]

 (ii)  Identify the oxidation number changes that take place during this reaction.

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (b)  The second stage of the Contact process involves the production of sulfur trioxide, SO3, from 
sulfur dioxide.

 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –197 kJ mol–1 

 (i)  State the temperature usually chosen for this conversion and explain this in terms of 
reaction rates and Le Chatelier’s principle.

 temperature  ........................................................................................................................

 explanation  .........................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (ii)  State and explain the pressure conditions that would give the best rate and best yield of 
sulfur trioxide. Explain why these conditions are not actually used.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (c)  In the third stage of the process the sulfur trioxide is dissolved in 98% sulfuric acid followed by 
carefully controlled addition of water.

 (i)  Explain why the sulfur trioxide is not dissolved directly in water to produce sulfuric acid.

  .............................................................................................................................................

  .......................................................................................................................................   [1]
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 (c)  One of the major uses of ammonia is in the manufacture of fertilisers such as diammonium 
hydrogen phosphate, (NH4)2HPO4.

 (i)  Write an equation for the formation of diammonium hydrogen phosphate by the reaction 
between ammonia and phosphoric acid, H3PO4.

  .......................................................................................................................................   [1]

 (ii)  Explain this reaction in terms of the Brønsted-Lowry theory.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (d)  The use of nitrate fertilisers can give rise to environmental consequences in terms of effects on 
both rivers and the atmosphere.

 (i)  Explain how the uncontrolled use of nitrate fertilisers can result in a severe reduction in 
water quality in rivers.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (ii)  Oxides of nitrogen are produced by the action of bacteria on nitrate fertilisers.

  Explain the problems associated with the release of oxides of nitrogen into the atmosphere. 
Include an equation in your answer.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

[Total: 21]
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2  Ammonium nitrate is an important fertiliser made by the acid-base reaction between ammonia and 
nitric acid.

 (a)  Write an equation for the production of ammonium nitrate from ammonia and nitric acid.

  ..............................................................................................................................................  [1]

  The ammonia for this reaction is produced by the Haber process and the nitric acid is produced by 
oxidation of ammonia.

 (b)  The Haber process involves a reaction between nitrogen and hydrogen at a temperature of 
450 °C and a pressure of 20 000 kPa. At a higher reaction temperature, the rate of production 
of ammonia would be greater.

 N2(g)  +  3H2(g)    2NH3 ∆H = –92 kJ mol–1

  The Boltzmann distribution curve shows the distribution of energies in a mixture of nitrogen 
and hydrogen at 450 °C.

number of
molecules

energyEa

 (i)  Sketch a second line onto the axes above to show the distribution of energies in the same 
mixture of gases at a higher temperature. [2]

 (ii)  With reference to the two curves, explain why the rate of production of ammonia would be 
greater at a higher temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  Add a suitable label to the horizontal axis above and use it to explain why a catalyst is 
used in the Haber process.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (iv)  Explain why a higher temperature is not used despite the fact that it would increase the 
rate of production of ammonia.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (c)  The first stage in the production of nitric acid involves the reaction of ammonia with oxygen to 
form nitrogen monoxide, NO, and water.

  Suggest an equation for this reaction and use oxidation numbers to show that it is a redox 
reaction.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]

 (d) (i)  Draw a dot-and-cross diagram of the ammonium ion. Show the outer electrons only.
  Use the following code for your electrons.
 • electrons from nitrogen
 × electrons from hydrogen

[2]

 (ii)  State the shape of an ammonium ion and give the H–N–H bond angle.

 shape  ..................................................................................................................................

 bond angle  ..........................................................................................................................
[2]

 (e)  State and explain the problems that arise from the overuse of ammonium nitrate fertiliser when 
the excess is washed into rivers.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]

[Total: 19]
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2  Nitrogen gas, N2, is very unreactive.

 (a)  Explain why nitrogen gas is so unreactive.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]

 (b)  Despite the low reactivity of N2, oxides of nitrogen occur in the atmosphere through both natural 
and man-made processes.

 (i)  Explain why oxides of nitrogen can be produced by internal combustion engines.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)� �6WDWH�DQG�H[SODLQ��XVLQJ�D�VXLWDEOH�HTXDWLRQ��KRZ�R[LGHV�RI�QLWURJHQ�SURGXFHG�E\�LQWHUQDO�
combustion engines can be prevented from reaching the atmosphere.

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)� �6WDWH�WKH�UROH�RI�QLWURJHQ�GLR[LGH��122, in the formation of acid rain by oxides of sulfur.
  Write suitable equations to explain this role.

 role  ......................................................................................................................................

 equation 1  ...........................................................................................................................

 equation 2  ...........................................................................................................................
[3]

 (iv)� �6XJJHVW�DQ�HTXDWLRQ�WR�VKRZ�KRZ�122 can contribute directly to acid rain.

  .......................................................................................................................................  [1]

 (c)  Explain how the uncontrolled use of nitrate fertilisers on land can lead to a severe reduction in 
water quality in rivers.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]

[Total: 13]
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2  Nitrogen gas, N2, is very unreactive.

 (a)  Explain why nitrogen gas is so unreactive.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]

 (b)  Despite the low reactivity of N2, oxides of nitrogen occur in the atmosphere through both natural 
and man-made processes.

 (i)  Explain why oxides of nitrogen can be produced by internal combustion engines.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  6tate and e[plain, using a suitaEle eTuation, KoZ o[ides oI nitrogen produced E\ internal 
combustion engines can be prevented from reaching the atmosphere.

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  6tate tKe role oI nitrogen dio[ide, 122, in the formation of acid rain by oxides of sulfur.
  Write suitable equations to explain this role.

 role  ......................................................................................................................................

 equation 1  ...........................................................................................................................

 equation 2  ...........................................................................................................................
[3]

 (iv)  6uggest an eTuation to sKoZ KoZ 122 can contribute directly to acid rain.

  .......................................................................................................................................  [1]

 (c)  Explain how the uncontrolled use of nitrate fertilisers on land can lead to a severe reduction in 
water quality in rivers.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [3]

[Total: 13]
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15 What are the products of the thermal decomposition of magnesium nitrate?

A magnesium nitride and oxygen

B magnesium oxide and nitrogen

C magnesium oxide, nitrogen and oxygen

D magnesium oxide, nitrogen dioxide and oxygen

16 Chlorine compounds show oxidation states ranging from –1 to +7.

What are the reagent(s) and conditions necessary for the oxidation of elemental chlorine into a
compound containing chlorine in the +5 oxidation state?

A AgNO3 (aq) followed by NH3 (aq) at room temperature

B concentrated H2 SO4 at room temperature

C cold dilute NaOH(aq)

D hot concentrated NaOH(aq)

17 Which gaseous hydride most readily decomposes into its elements on contact with a hot glass
rod?

A ammonia

B hydrogen chloride

C hydrogen iodide

D steam

18 Which reagent, when mixed and heated with ammonium sulphate, liberates ammonia?

A aqueous bromine

B dilute hydrochloric acid

C limewater

D acidified potassium dichromate(VI)

19 Which pollutant is formed in the internal combustion engine and, if not removed by the catalytic
converter, may become involved in the formation of acid rain?

A C B C8 H18 C CO D NO

20 How many structural and cis-trans isomers are there for dichloropropene, C3 H4 Cl2 ?

A 3 B 5 C 6 D 7
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8 When ammonia is converted into nitric acid on a commercial scale, the following reactions can
occur.

In which reaction does the greatest change in oxidation number of the nitrogen occur?

9 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process
for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al2O3, and
cryolite, Na3AlF6.

What is the main purpose of the cryolite?

A Al2O3 is covalent, and AlF ions interact with it to produce Al3+ ions which can be 
discharged at the cathode.

B Cryolite is a base, forming NaAlO2 with bauxite, enabling aluminium to be discharged at the
anode.

C Cryolite reduces the melting point of the bauxite.

D Cryolite minimises the release of O2– ions at the graphite anodes, which are otherwise burnt
away to CO.

10 When 0.20 mol of hydrogen gas and 0.15 mol of iodine gas are heated at 723 K until equilibrium is
established, the equilibrium mixture is found to contain 0.26 mol of hydrogen iodide.

The equation for the reaction is as follows.

H2(g) + I2(g)         2HI(g)

What is the correct expression for the equilibrium constant Kc?

A

B

C

D (0.26)2
–––––––––
0.13 x 0.13

(0.26)2
–––––––––
0.07 x 0.02

(2 x 0.26)2
–––––––––
0.20 x 0.15

2 x 0.26–––––––––
0.20 x 0.15

3–
6

reaction

A 4NH3 + 5O2 → 4NO + 6H2O

B 3NO2 + H2O → 2HNO3 + NO

C 2NO + O2 → 2NO2

D 4NH3 + 6NO → 5N2 + 6H2O
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17  Methyl mercaptan, CH3SH, is one of the substances responsible for bad breath and is often used 

to impart a smell to natural gas in a pipeline. 

 

What will be formed when CH3SH is burned in an excess of air? 

A CO CO2  H2 S 

B CO H2 O SO3 

C CO2  H2 O SO2  

D CO2  H2 O SO3 

 

 

18 A solid nitrate fertiliser reacts with an alkali to produce a gas which turns damp pH paper blue. 

 

What is the empirical formula of this fertiliser? 

A NO3 B NHO3 C NH2 O D N2 H4 O3 

 

 

19  Glucose, C6 H12 O6 , is a product of photosynthesis. 

 

It has the following structure. 

 

H

OH

OH

H

OH

OH

H

HO

H

H

H

H

C

C

C

C

C

C

O

 

 

How many chiral centres does the molecule have? 

A 1 B 2 C 4 D 6 
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16 In black and white photographic film, light converts silver chloride into metallic silver. After the film
has been developed, the unexposed silver chloride is removed by reaction with sodium
thiosulphate to produce a ‘fixed’ negative.

AgCl + 2Na2S2O3 ⎯→ 4Na+ + Cl– + [Ag(S2O3)2]3–

What is the function of thiosulphate?

A to make the silver ions soluble

B to oxidise the silver ions

C to oxidise the silver metal

D to reduce silver ions

17 In what order does the reducing power of the hydrogen halides increase?

A HCl, HBr, HI

B HCl, HI, HBr

C HBr, HI, HCl

D HI, HBr, HCl

18 In a solution of ammonia in water, what combination of ionic and molecular forms of ammonia are
present?

A ions only

B ions and simple molecules only

C simple molecules and hydrogen-bonded molecules only

D simple molecules, hydrogen–bonded molecules and ions

19 Nitrogen is frequently used as an inert atmosphere because it is an unreactive gas.

Which is the best explanation of this unreactivity?

A Its molecule contains a triple bond.

B The bond energy of the molecule is high (994 kJ mol–1).

C The bond in its molecule is very short (0.110 nm).

D The three p orbitals of nitrogen are half-filled.

20 How many alcohols (including both structural isomers and stereoisomers) can have the molecular
formula C4H10O?

A 3 B 4 C 5 D 6
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16 In black and white photographic film, light converts silver chloride into metallic silver. After the film
has been developed, the unexposed silver chloride is removed by reaction with sodium
thiosulphate to produce a ‘fixed’ negative.

AgCl + 2Na2S2O3 ⎯→ 4Na+ + Cl– + [Ag(S2O3)2]3–

What is the function of thiosulphate?

A to make the silver ions soluble

B to oxidise the silver ions

C to oxidise the silver metal

D to reduce silver ions

17 In what order does the reducing power of the hydrogen halides increase?

A HCl, HBr, HI

B HCl, HI, HBr

C HBr, HI, HCl

D HI, HBr, HCl

18 In a solution of ammonia in water, what combination of ionic and molecular forms of ammonia are
present?

A ions only

B ions and simple molecules only

C simple molecules and hydrogen-bonded molecules only

D simple molecules, hydrogen–bonded molecules and ions

19 Nitrogen is frequently used as an inert atmosphere because it is an unreactive gas.

Which is the best explanation of this unreactivity?

A Its molecule contains a triple bond.

B The bond energy of the molecule is high (994 kJ mol–1).

C The bond in its molecule is very short (0.110 nm).

D The three p orbitals of nitrogen are half-filled.

20 How many alcohols (including both structural isomers and stereoisomers) can have the molecular
formula C4H10O?

A 3 B 4 C 5 D 6
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12 Crotonaldehyde, CH3CH=CHCHO, can be obtained by oxidising butadiene, CH2=CHCH=CH2, 

using air or oxygen. One method is to pass a mixture of butadiene and oxygen through a hot 

aqueous solution of palladium(II) ions, Pd
2+

(aq), which catalyse the reaction. 

 

Which statement is not correct about the action of the Pd
2+

(aq) ions? 

A Changing the concentration of the Pd
2+

(aq) will have an effect on the rate of the reaction. 

B Pd
2+

(aq) increases the energy of the reacting molecules. 

C Pd
2+

(aq) lowers the activation energy for the reaction. 

D When Pd
2+

(aq) is used, the reaction proceeds by a different route. 

 

 

13 Which oxide, when mixed with water, will produce the most acidic solution? 

A CO B CO2 C SiO2 D P2O5 

 

 

14 Which salt is produced by adding aqueous ammonia to aqueous sulphur dioxide until just 

alkaline? 

A NH4SO3 B NH4SO4 C (NH4)2SO3 D (NH4)2SO4 

 

 

15 Aluminium chloride catalyses certain reactions by forming carbocations (carbonium ions) with 

chloroalkanes as shown. 

 

RCl + Al Cl3 → R
+

 + 
−

4
CA ll  

 

Which property makes this reaction possible? 

A AlCl3 exists as the dimer Al2Cl6 in the vapour. 

B AlCl3 is a covalent molecule. 

C The aluminium atom in Al Cl3 has an incomplete octet of electrons. 

D The chlorine atom in RCl has a vacant p orbital. 

 

 

16 Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding 

compounds are very similar. 

 

Which statement concerning the reactions of lithium and its compounds is correct? 

A Lithium carbonate decomposes on heating at a relatively low temperature, forming lithium 

oxide and carbon dioxide. 

B Lithium nitrate decomposes on heating, forming lithium nitrite and oxygen. 

C Lithium burns only slowly in oxygen. 

D Lithium reacts violently with cold water, liberating hydrogen. 
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7  What are the lattice structures of solid diamond, iodine and silicon(IV) oxide? 

 

 giant molecular simple molecular 

A diamond, silicon(IV) oxide iodine 

B diamond, iodine silicon(IV) oxide 

C iodine diamond, silicon(IV) oxide 

D silicon(IV) oxide diamond, iodine 

 

 

8  Which equation represents the standard enthalpy change of atomisation of bromine? 

A Br2(l) → 2Br(g) 

B Br2(g) → 2Br(g) 

C 
1

2

Br2(l) → Br(g) 

D 
1

2

Br2(g) → Br(g) 

 

 

9  In an experiment, 50.0 cm
3 

of a 0.10 mol dm
–3

 solution of a metallic salt reacted exactly with     

25.0 cm
3

 of 0.10 mol dm
–3

 aqueous sodium sulphite. 

 

The half-equation for oxidation of sulphite ion is shown below. 

 

SO
−2

3
(aq) + H2O(I) → SO

−2

4
(aq) + 2H

+

(aq) + 2e
–

 

 

If the original oxidation number of the metal in the salt was +3, what would be the new oxidation 

number of the metal? 

A +1 B +2 C +4 D +5 

 

 

10  Nitrogen dioxide decomposes on heating according to the following equation. 

 

2NO2(g)  2NO(g) + O2(g) 

 

When 4 mol of nitrogen dioxide were put into a 1 dm
3

 container and heated to a constant 

temperature, the equilibrium mixture contained 0.8 mol of oxygen. 

 

What is the value of the equilibrium constant, K
c
, at the temperature of the experiment? 

A 
2

2

4

8.08.0 ×

 B 
2

4.2

8.06.1 ×

 C 
2

2

4

8.06.1 ×

 D 
2

2

4.2

8.06.1 ×
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14  The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What is element X? 

A sodium 

B magnesium 

C aluminium 

D phosphorus 

 

 

15  Aluminium chloride sublimes at 178 oC. 

 

Which structure best represents the species in the vapour at this temperature? 

 

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Al   + 3Cl Al 
3+(Cl 

–)3

A B C D

 

 

 

16 Use of the Data Booklet is relevant to this question. 

 

What mass of solid residue can be obtained from the thermal decomposition of 4.10 g of 

anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 

 

 

17  What happens when chlorine is bubbled through aqueous potassium iodide? 

A Chlorine is oxidised to chloride ions. 

B Hydrochloric acid is formed. 

C Iodide ions are oxidised to iodine. 

D Potassium iodide is reduced to iodine. 

 

 

18  The emissions from a power station contain about 14 tonnes of SO2 per hour from the oxidation 

of FeS2 contained in the coal. 

 

What is the most practical way of preventing the SO2 from being released into the atmosphere? 

A Cool the gases and the SO2 will liquefy and can be removed. 

B Dissolve the ionic FeS2 in hexane. 

C Pass the emissions through a bed of calcium oxide. 

D Pass the gases through concentrated sulphuric acid to dissolve the SO2. 
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15 In black and white photographic film, light converts silver chloride into metallic silver. After the film 

has been developed, the unreacted silver chloride is removed by reaction with sodium thiosulfate 

to produce a ‘fixed’ negative. 

 

AgCl + 2Na2S2O3 → 4Na
+

 + Cl – + [Ag(S2O3)2]
3–

 

 

What is the function of the thiosulfate ion? 

A to make the silver ions soluble 

B to oxidise the silver ions 

C to oxidise the silver metal 

D to reduce the silver ions 

 

 

16 Which statement is most likely to be true for astatine, which is below iodine in Group VII of the 

Periodic Table? 

 A Astatine and aqueous potassium chloride react to form aqueous potassium astatide and 

chlorine. 

 B Potassium astatide and hot dilute sulfuric acid react to form white fumes of only hydrogen 

astatide. 

 C Silver astatide reacts with dilute aqueous ammonia in excess to form a solution of a soluble 

complex. 

 D Sodium astatide and hot concentrated sulfuric acid react to form astatine. 

 

 

17 Deposits of ammonium compounds have been discovered in areas of high atmospheric pollution. 

 

They are believed to arise from the following reaction. 

 

SO3 + H2O + 2NH3 → (NH4)2SO4 

 

What does not occur in this reaction? 

A acid / base neutralisation 

B dative bond formation 

C ionic bond formation 

D oxidation / reduction 
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17 The following report appeared in a newspaper. 

 

   Drums of bromine broke open after a vehicle crash on the motorway. Traffic was diverted as 

purple gaseous bromine drifted over the road (it is denser than air), causing irritation to 

drivers’ eyes. Firemen sprayed water over the scene of the accident, dissolving the bromine 

and washing it away. 

What is wrong with the report? 

A Bromine does not dissolve in water. 

B Bromine does not vapourise readily. 

C Bromine is less dense than air. 

D Bromine is not purple. 

 

 

18 Which reaction of ammonia does not involve the non-bonding pair of electrons on the nitrogen 

atom? 

 A NH3(g) + CH3I(g) → CH3NH
+

3
I –(s) 

 B NH3(g) + HCl (g) → NH4Cl (s) 

 C 2NH3(l) + 2Na(s) → 2NaNH2(s) + H2(g) 

 D 2NH3(aq) + Ag
+

(aq) → [Ag(NH3)2]
+

(aq) 

 

 

19 Ammonium sulphate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing 

sulphuric acid, nitric acid and water. 

 

 How many moles of oxygen are needed to oxidise completely one mole of ammonium sulphate? 

 A 1 B 2 C 3 D 4 

 

 

20 What can behave as an electrophilic reagent? 

A Br2 

B Na 

C NH3 

D CN – 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Which equation represents the second ionisation energy of an element X? 

A X(g) → X
2+

(g) + 2e
–

 

B X
+

(g) → X
2+

(g) + e
–

 

C X(g) + 2e
–

 → X
2–

(g) 

D X
–

(g) + e
–

 → X
2–

(g) 

 

 

2 In flooded soils, like those used for rice cultivation, the oxygen content is low. In such soils, 

anaerobic bacteria cause the loss of nitrogen from the soil as shown in the following sequence. 

 

In which step is the change in oxidation number (oxidation state) of nitrogen different to the 

changes in the other steps? 

 

NO3
–(aq)

A
NO2

–(aq)
B

NO(g)
C

N2O(g) N2(g)
D

 

 

 

3 In the extraction of aluminium by the electrolysis of molten aluminium oxide, why is cryolite added 

to the aluminium oxide? 

A to ensure the aluminium is not oxidised 

B to ensure the anode is not oxidised 

C to lower the melting point of the aluminium oxide 

D to prevent corrosion of the cathode 

 

 

CEDAR COLLEGE NITROGEN AND SULFUR WS 3



 342

12

13

14

15

 

2 

© UCLES 2010 9701/11/O/N/10  

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Every year millions of tonnes each of chlorine and sodium hydroxide are manufactured by the 

electrolysis of brine using a ‘diaphragm cell’. 

 

What is the purpose of the diaphragm in such a cell? 

A to prevent chlorine gas escaping into the factory 

B to prevent the build up of pressure in the electrolysis cell 

C to provide a large surface area of electrode 

D to stop the products of electrolysis from reacting together 

 

 

2 A simple ion X
+

 contains eight protons. 

 

What is the electronic configuration of X
+

? 

A 1s
2

 2s
1

 2p
6

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
5

 

D 1s
2

 2s
2

 2p
7

 

 

 

3 Equations involving four enthalpy changes are shown. 

 

Na(g) → Na
+

(g) + e
– 

∆H
 

= W 

Na(g) → Na
2+

(g) + 2e
– 

∆H
 

= X 

Na(s) → Na(g)  ∆H
 

= Y 

Na(s) → Na
2+

(g) + 2e
– 

∆H
 

= Z 

 

What is the second ionisation energy of sodium? 

A 2W B X – W C Y – W D Z – Y 

 

 

4 Sulfur dioxide, SO2, is added to wines to prevent oxidation of ethanol by air. To determine the 

amount of SO2, a sample of wine is titrated with iodine, I2. In this reaction, one mole of SO2 is 

oxidised by one mole of I2. 

 

What is the change in oxidation number of sulfur in this reaction? 

A +2 to +4 B +2 to +6 C +4 to +5 D +4 to +6 
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7  When chlorine and aqueous sodium hydroxide are heated together the following overall reaction 

occurs. 

 

3Cl 2(aq) + 6NaOH(aq) → 5NaCl (aq) + NaCl O3(aq) + 3H2O(l) 

 

What are the oxidation numbers for chlorine in each of the following species? 

 

 Cl 2 NaCl NaCl O3 

A 0 +1 –5 

B +2 –1 +3 

C 0 –1 +5 

D –2 +1 –3 

 

 

8  Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe how sulfur dioxide dissolves. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

9  An aqueous solution was prepared containing 1.0 mol of AgNO3 and 1.0 mol of FeSO4 in 1.00 dm
3

 

of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in the mixture. 

 

Ag
+

(aq) + Fe
2+

(aq)  Ag(s) + Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.35 B 0.62 C 1.62 D 2.89 
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15 X, Y and Z represent different halogens. The table shows the results of nine experiments in which 

aqueous solutions of X
2
, Y

2
 and Z

2
 were separately added to separate aqueous solutions 

containing X –, Y – and Z – ions. 

 

 X –(aq) Y –(aq) Z –(aq) 

X
2
(aq) no reaction no reaction no reaction 

Y
2
(aq) X

2
 formed no reaction Z

2
 formed 

Z
2
(aq) X

2
 formed no reaction no reaction 

 

Which row in the following table contains the ions X 
–

, Y 
–

 and Z 
–

 in order of their decreasing 

strength as reducing agents? 

 

 strongest 
 

weakest 

A X – Y – Z – 

B X – Z – Y – 

C Y – Z – X – 

D Z – X – Y – 
 

 

16 A student observed the reactions when sodium chloride and sodium iodide were each reacted 

separately with concentrated sulfuric acid and with concentrated phosphoric acid. The 

observations are recorded in the table. 

 

 sodium chloride sodium iodide 

conc. H
2
SO

4
 colourless acidic gas formed purple vapour formed 

conc. H
3
PO

4
 colourless acidic gas formed colourless acidic gas formed 

 

Which deduction can be made from these observations? 

A Concentrated phosphoric acid is a stronger oxidising agent than concentrated sulfuric acid. 

B Concentrated phosphoric acid is a stronger oxidising agent than iodine. 

C Concentrated sulfuric acid is a stronger oxidising agent than chlorine. 

D Concentrated sulfuric acid is a stronger oxidising agent than iodine. 

 

 

17 Ammonium nitrate, NH
4
NO

3
, is manufactured in large quantities for use in fertiliser. 

 

Which statement about ammonium nitrate fertiliser is not correct? 

A It can cause environmental problems. 

B It consists of 35 % nitrogen by mass. 

C It is insoluble in water. 

D Nitric acid is used in its manufacture. 
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12  Hydrazine, N
2
H

4
, is widely used as a rocket fuel because it reacts with oxygen as shown, 

producing ‘environmentally friendly’ gases. 

 

N
2
H

4
(l) + O

2
(g) → N

2
(g) + 2H

2
O(g) ∆H = –534 kJ mol

–1

 

 

Despite its use as a rocket fuel, hydrazine does not burn spontaneously in oxygen. 

 

Which statement explains why hydrazine does not burn spontaneously? 

A Hydrazine is a liquid. 

B The activation energy is too high. 

C The N N bond is very strong. 

D The reaction is exothermic. 

 

 

13  0.02 mol of aluminium is burned in oxygen and the product is reacted with 2.00 mol dm
–3

 

hydrochloric acid. 

 

What minimum volume of acid will be required for complete reaction? 

A 15 cm
3

 B 20 cm
3

 C 30 cm
3

 D 60 cm
3

 

 

 

14  Steam is passed over heated magnesium to give compound X and hydrogen. 

 

What is not a property of compound X? 

A It has an M
r
 of 

 
40.3. 

B It is basic. 

C It is a white solid. 

D It is very soluble in water. 
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19 Carbon monoxide, CO, nitrogen monoxide, NO, and sulfur dioxide, SO
2
, may all be present in the 

exhaust fumes from a car engine. 

 

Which reaction concerning these compounds occurs in the atmosphere? 

A CO is spontaneously oxidised to CO
2
 

B NO
2
 is reduced to NO by CO 

C NO
2
 is reduced to NO by SO

2
 

D SO
2
 is oxidised to SO

3
 by CO

2
 

 

 

20 Fumaric acid can be converted into oxaloacetic acid by a two-step process involving the 

intermediate Q. 

 

HO2CCH=CHCO2H Q HO2CCOCH2CO2H
step 1

fumaric acid

step 2

oxaloacetic acid
 

 

Each of these steps can be achieved in the laboratory by a single reagent. 

 

What could be the intermediate Q and the reagent for step 2? 

 

 Q reagent for step 2 

A HO
2
CCHBrCH

2
CO

2
H warm acidified KMnO

4
 

B HO
2
CCHBrCH(OH)CO

2
H warm NaOH(aq) 

C HO
2
CCH(OH)CH

2
CO

2
H Fehling’s solution 

D HO
2
CCH(OH)CH

2
CO

2
H warm acidified K

2
Cr

2
O

7
 

 

 

21 An organic compound J reacts with sodium to produce an organic ion with a charge of –3. 

J reacts  with NaOH(aq) to produce an organic ion with a charge of –1. 

 

What could be the structural formula of J? 

A HO
2
CCH(OH)CH

2
CO

2
H 

B HO
2
CCH(OH)CH

2
CHO 

C HOCH
2
CH(OH)CH

2
CO

2
H 

D HOCH
2
COCH

2
CHO 
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8  The value of the third ionisation energy of aluminium is 2740 kJ mol
–1

. 

 

Which correctly represents this statement? 

A Al (g) → Al 3+

(g) + 3e
–

 ∆H
o

 = –2740 kJ mol
–1

 

B Al 2+

(g) → Al 3+

(g) + e
–

 ∆H
o

 = –2740 kJ mol
–1

 

C Al (g) → Al 3+

(g) + 3e
–

 ∆H
o

 = +2740 kJ mol
–1

 

D Al 2+

(g) → Al 3+

(g) + e
–

 ∆H
o

 = +2740 kJ mol
–1

 

 

 

9  Methanol is manufactured by reacting carbon dioxide and hydrogen. 

 

CO2(g) + 3H2(g)  CH3OH(g) + H2O(g) ∆H = –49 kJ mol
–1

 

 

What would increase the equilibrium yield of methanol in this process? 

A adding a catalyst 

B adding an excess of steam 

C increasing the pressure 

D increasing the temperature 

 

 

10  Which molecule has the largest overall dipole? 

 

CH3

CH3

H

H

C C

A 

CH3

CH3

O C

B 

Cl

Cl

O C

C 

H3 C

Cl

Cl

CH3

C C 

D 

 

 

 

11 In which substance does nitrogen exhibit the highest oxidation state? 

A NO B N2O C N2O4 D NaNO2 

 

 

12  Red lead oxide, Pb3O4, is used in metal priming paints. It can be made by heating PbO in air. 

 

6PbO(s) + O2(g) → 2Pb3O4(s) 

 

Which two values are needed to calculate the enthalpy change for this reaction? 

A enthalpy change of atomisation of O2 and enthalpy change of formation of Pb3O4  

B enthalpy change of formation of O2 and enthalpy change of formation of Pb3O4 

C enthalpy change of formation of PbO and enthalpy change of atomisation of O2 

D enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4 
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5 The presence of dipoles helps to explain why the element Br2 and the compound CHCl 3  exist as 

liquids at room temperature. 

 

Which types of dipole are involved? 

 

 Br2 CHCl 3  

A 
induced dipoles and permanent 

dipoles 

induced dipoles and permanent 

dipoles 

B 
induced dipoles and permanent 

dipoles 
induced dipoles only 

C induced dipoles only 
induced dipoles and permanent 

dipoles 

D induced dipoles only induced dipoles only 

 

 

6 Three compounds have the physical properties shown in the table. 

 

compound P Q R 

melting point / °C 2852  993  –119 

boiling point / °C 3600  1695  39 

conductivity (solid) poor poor poor 

conductivity (liquid) good good poor 

conductivity (aqueous) insoluble good insoluble 

 

 

What might be the identities of P, Q and R? 

 

 P Q R 

A MgO KCl NH3  

B MgO NaF C2H5 Br 

C SiO2 KCl C2H5 Br 

D SiO2 NaF HCl 

 

 

7 For the equilibrium 2SO2(g) + O2(g)  2SO3 (g), what will change the value of Kp ? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

8 Which pollutant, present in the exhaust fumes of an internal combustion engine, has an element 

in the +2 oxidation state and an odd number of electrons in one molecule of the pollutant? 

A CO B H2S C NO D NO2 
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13 Which gas is present in the exhaust fumes of a car engine in a much greater amount than any 

other gas? 

A carbon dioxide 

B carbon monoxide 

C nitrogen 

D water vapour 

 

 

14 Slaked lime, Ca(OH)2, may be made from limestone, CaCO3. 

 

On heating in a lime kiln at 1000 °C, limestone decomposes as follows. 

 

reaction 1 CaCO3(s) → CaO(s) + CO2(g) 

 

Water is then reacted with calcium oxide, CaO, as follows. 

 

reaction 2 CaO(s) + H2O(l) → Ca(OH)2(s) 

 

What are the enthalpy changes of these reactions? 

 

 reaction 1 reaction 2 

A endothermic endothermic 

B endothermic exothermic 

C exothermic endothermic 

D exothermic exothermic 

 

 

15 The period 4 elements gallium (Ga), germanium (Ge), arsenic (As) and selenium (Se) are the 

elements below aluminium, silicon, phosphorus and sulfur in the Periodic Table, a portion of 

which is shown below. 

 

period 3 elements Al Si P S 

period 4 elements Ga Ge As Se 

 

The properties of each period 4 element resemble those of the period 3 element directly above it. 

 

Which period 4 elements form oxides that dissolve in water to give an acid solution? 

A As and Se B Ga and Ge C Ga and Se D Se only 

 

 

 

5 
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12 For the reaction 

 

W(aq) + 2X(aq) 2Y(aq) + 3Z(aq) 

 

what are the correct units for the equilibrium constant Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
–1 dm

3

 D mol
–2 dm

6

 

 

 

13 Methyl mercaptan, CH3SH, has a foul smell and is often used to impart a smell to natural gas. 

 

What will be formed when CH3SH is burned in an excess of air? 

A CO H2O SO2 

B CO2 H2O H2S 

C CO2 H2O SO2 

D CO2 H2O SO3 

 

 

14 Nitrogenous fertilisers are used extensively in modern farming. If rainwater washes excess 

fertiliser into a nearby lake, a process called eutrophication may occur. 

 

Three of the stages of eutrophication are described below. 

 

P Water plants growing on the lake bed die due to lack of sunlight. 

Q An excessive growth of algae occurs. 

R Excessive bacterial activity causes a reduction in oxygen levels. 

 

In which order do these three stages occur? 

A P → Q → R 

B P → R → Q 

C Q → P → R 

D Q → R → P 

 

 

15 Chlorine can be manufactured from brine in a diaphragm cell. 

 

Which row represents the correct electrodes? 

 

 
nature of 

anode 

nature of 

cathode 

A graphite titanium 

B steel titanium 

C titanium graphite 

D titanium steel 
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19 Deposits of ammonium sulfate have been discovered in areas of high atmospheric pollution. 

 

They are believed to arise from the following reaction. 

 

SO
3
 + H

2
O + 2NH

3
 → (NH

4
)
2
SO

4
 

 

What does not occur in this reaction? 

A acid / base neutralisation 

B dative bond formation 

C ionic bond formation 

D oxidation / reduction 

 

 

20 An organic compound X 

 

● is unaffected by hot acidified potassium manganate(VII), 

● reacts with ethanoic acid in the presence of concentrated sulfuric acid. 

 

What is compound X? 

A CH
3
CO

2
C

2
H

5
 

B CH
3
CH

2
COCH

3
 

C (CH
3
)
3
COH 

D CH
3
CH

2
CHOHCH

3
 

 

 

21 The diagram shows a molecule that has σ bonds and π bonds. 

 

C

O

OCH2CH2 CH2 CH2CHCH
 

 

How many σ bonds are present in this molecule? 

 A 15 B 17  C 18  D 21 
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15  Use of the Data Booklet is relevant to this question. 

 

The nitrates of beryllium, calcium, magnesium, and strontium all decompose in the same way 

when heated. When 2.00 g of one of these anhydrous nitrates is decomposed, 1.32 g of gas is 

produced. 

 

What is the nitrate? 

A beryllium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

16  In a car engine, non-metallic element X forms a pollutant oxide Y. Y can be further oxidised to Z. 

Two students made the following statements. 

 

Student P The molecule of Y contains lone pairs of electrons. 

Student Q The oxidation number of X increases by 1 from Y to Z. 

 

X could be carbon or nitrogen or sulfur. 

 

Which student could be correct if X were any of these elements? 

A P only 

B Q only 

C both P and Q 

D neither P nor Q 

 

 

17  Use of the Data Booklet is relevant to this question. 

 

1.15 g of a metallic element reacts with 300 cm
3

 of oxygen at 298 K and 1 atm pressure, to form 

an oxide which contains O
2–

 ions. 

 

What could be the identity of the metal? 

A calcium 

B magnesium 

C potassium 

D sodium 
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18 Sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process. 

 

Which condition affects the value of the equilibrium constant, Kc? 

A adjusting the temperature 

B increasing the pressure 

C removing SO3 from the equilibrium mixture 

D using a catalyst 

 

 

19 Which reagent, when mixed and heated with ammonium sulfate, liberates ammonia? 

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D potassium dichromate(VI) in acidic solution 

 

 

20 The following compounds are found in the seaweed Asparagopsis taxiformis. 

 

Which compound could show both cis-trans isomerism and optical isomerism? 

 

A B C D

C

O

Cl

Cl

H

C

C CBr

C

Cl

H

Br

Br

Br

H

C

C
Br

Br

Br
H HCl

H

Br

I

C

C

C

Cl

H

Br

C

C

C I

Br
 

 

 

21 Lactic acid (2-hydroxypropanoic acid), CH3CH(OH)CO2H, is found in sour milk. 

 

Which reaction could occur with lactic acid? 

A CH3CH(OH)CO2H  + CH3OH → CH3CH(OCH3)CO2H +  H2O 

B CH3CH(OH)CO2H  + HCO2H → CH3CH(O2CH)CO2H +  H2O 

C CH3CH(OH)CO2H  + NaHCO3 → CH3CH(ONa)CO2H +  H2O  +  CO2 

D CH3CH(OH)CO2H  + Cl 2 → CH3CH(Cl )CO2H +  HOCl 
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18 Sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process. 

 

Which condition affects the value of the equilibrium constant, Kc? 

A adjusting the temperature 

B increasing the pressure 

C removing SO3 from the equilibrium mixture 

D using a catalyst 

 

 

19 Which reagent, when mixed and heated with ammonium sulfate, liberates ammonia? 

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D potassium dichromate(VI) in acidic solution 

 

 

20 The following compounds are found in the seaweed Asparagopsis taxiformis. 

 

Which compound could show both cis-trans isomerism and optical isomerism? 

 

A B C D

C

O

Cl

Cl

H

C

C CBr

C

Cl

H

Br

Br

Br

H

C

C
Br

Br

Br
H HCl

H

Br

I

C

C

C

Cl

H

Br

C

C

C I

Br
 

 

 

21 Lactic acid (2-hydroxypropanoic acid), CH3CH(OH)CO2H, is found in sour milk. 

 

Which reaction could occur with lactic acid? 

A CH3CH(OH)CO2H  + CH3OH → CH3CH(OCH3)CO2H +  H2O 

B CH3CH(OH)CO2H  + HCO2H → CH3CH(O2CH)CO2H +  H2O 

C CH3CH(OH)CO2H  + NaHCO3 → CH3CH(ONa)CO2H +  H2O  +  CO2 

D CH3CH(OH)CO2H  + Cl 2 → CH3CH(Cl )CO2H +  HOCl 
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15 Which row correctly identifies the uses of some of the compounds of Group II metals? 

 

 

used as a 

refractory lining 

in kilns 

used in agriculture 

to increase the pH 

of a soil 

A CaO Ca(OH)2 

B CaO Mg(OH)2 

C MgO Ca(OH)2 

D MgO Mg(OH)2 

 

 

16 Solid potassium halides react with concentrated sulfuric acid, according to the following 

equations. 

 

reaction 1 2KCl  +  H2SO4   →  K2SO4   +  2HCl 

reaction 2 2KBr  +  2H2SO4   →  K2SO4   +  SO2  +  Br2  +  2H2O 

reaction 3 8KI  +  5H2SO4   →  4K2SO4   +  H2S  +  4I2  +  4H2O 

 

What is the largest change in the oxidation number of sulfur in each of these reactions? 

 

 reaction 1 reaction 2 reaction 3 

A 0 0 4 

B 0 2 4 

C 0 2 8 

D 0 4 8 

 

 

17 Which statement explains the observation that magnesium hydroxide dissolves in aqueous 

ammonium chloride, but not in aqueous sodium chloride? 

A The ionic radius of the NH4

+

 ion is similar to that of Mg
2+ 

but not that of Na
+

. 

B NH4 Cl dissociates less fully than NaCl. 

C The Na
+

 and Mg
2+

 ions have the same number of electrons. 

D The NH4

+

 ion can donate a proton. 
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15  Ammonia exists as simple covalent molecules, NH3. Ammonia can react with suitable reagents to 

form products containing ammonium ions, NH4

+

. Ammonia can also react with suitable reagents 

to form products containing amide ions, NH2

–

. 

 

Which of these nitrogen-containing species are present in an aqueous solution of ammonia? 

A ammonia molecules, ammonium ions and amide ions 

B ammonia molecules and ammonium ions only 

C ammonia molecules only 

D ammonium ions only 

 

 

16  Carbon, nitrogen and sulfur are non-metals. 

 

Which statement about their oxides, XO2, is correct? (Where X represents carbon, nitrogen or 

sulfur.) 

A All of the XO2 molecules are linear. 

B In XO2, each element has its highest oxidation number. 

C All XO2 molecules dissolve in water to form dibasic acids. 

D All XO2 molecules are formed as a result of burning petrol in a car engine. 

 

 

17 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process 

for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al 2O3, and 

cryolite, Na3Al F6. 

 

What is the main purpose of the cryolite? 

A Al 2O3 is covalent, and Al F6

3–

 ions interact with it to produce Al 3+

 ions which can be 

discharged at the cathode. 

B Cryolite is a base, forming NaAl O2 with bauxite, enabling aluminium to be discharged at the 

anode. 

C Cryolite minimises the release of O
2–

 ions at the graphite anodes, which are otherwise burnt 

away to CO. 

D Cryolite reduces the melting point of the bauxite. 

 

 

2 In which reaction does a single nitrogen atom have the greatest change in oxidation number? 

A 4NH3  +  5O2  →  4NO  +  6H2O 

B 3NO2  +  H2O  →  2HNO3  +  NO 

C 2NO  +  O2  →  2NO2 

D 4NH3  +  6NO  →  5N2  +  6H2O 

 

 

3 The following half reactions occur when potassium iodate(V), KIO3, in hydrochloric acid solution 

oxidises iodine to ICl 2–

. 

 

IO3

–

  +  2Cl –  +  6H
+

  +  4e
–

  →  ICl 2–

  +  3H2O 

I2  +  4Cl –  →  2ICl 2–

  +  2e
–

 

 

What is the ratio of IO3

–

 to I2 in the balanced chemical equation for the overall reaction? 

A 1 : 1 B 1 : 2 C 1 : 4 D 2 : 1 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

In which set do all species contain the same number of electrons? 

A Co
2+

, Co
3+

, Co
4+

 

B F
–

, Br –, Cl
 –

 

C Na
+

, Mg
2+

, Al 3+

 

D K2SO4, K2SeO4, K2TeO4 
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15  Ammonia exists as simple covalent molecules, NH3. Ammonia can react with suitable reagents to 

form products containing ammonium ions, NH4

+

. Ammonia can also react with suitable reagents 

to form products containing amide ions, NH2

–

. 

 

Which of these nitrogen-containing species are present in an aqueous solution of ammonia? 

A ammonia molecules, ammonium ions and amide ions 

B ammonia molecules and ammonium ions only 

C ammonia molecules only 

D ammonium ions only 

 

 

16  Carbon, nitrogen and sulfur are non-metals. 

 

Which statement about their oxides, XO2, is correct? (Where X represents carbon, nitrogen or 

sulfur.) 

A All of the XO2 molecules are linear. 

B In XO2, each element has its highest oxidation number. 

C All XO2 molecules dissolve in water to form dibasic acids. 

D All XO2 molecules are formed as a result of burning petrol in a car engine. 

 

 

17 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Ammonium nitrate, NH4NO3, can decompose explosively when heated. 

 

NH4NO3  →  N2O  +  2H2O 

 

What are the changes in the oxidation numbers of the two nitrogen atoms in NH4NO3 when this 

reaction proceeds? 

A –2, –4 B +2, +6 C +4, –6 D +4, –4 

 

 

2 In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in 

molten cryolite? 

A to reduce the very high melting point of the electrolyte 

B cryolite is a base; aluminium oxide is amphoteric 

C cryolite reacts with the aluminium oxide to form ions 

D molten aluminium oxide alone would not conduct electricity 

 

 

3 A 10 cm
3

 sample of 0.30 mol dm
–3

 Tl +NO3

–

 required 20 cm
3

 of 0.10 mol dm
–3

 acidified NH4VO3 to 

oxidise it to Tl 3+

 in solution. Vanadium is the only element reduced in this reaction. 

 

What is the oxidation number of the vanadium in the reduced form? 

A +1 B +2 C +3 D +4 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Element X forms X
–

 ions that can be oxidised to element X by acidified potassium 

manganate(VII). 

 

What could be the values of the first four ionisation energies of X? 

 

 1st 2nd 3rd 4th 

A 418 3070 4600 5860 

B 577 1820 2740 11 600 

C 590 1150 4940 6480 

D 1010 1840 2040 4030 
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17 Group II nitrates undergo thermal decomposition according to the following equation. 

 

X(NO
3
)
2
  →  XO  +  2NO

2
  +  

2

1

O
2
 

 

Which Group II nitrate requires the highest temperature to bring about its thermal decomposition? 

A barium nitrate 

B calcium nitrate 

C magnesium nitrate 

D strontium nitrate 

 

 

18 Use of the Data Booklet is relevant to this question. 

 

A chemist took 2.00 dm
3

 of nitrogen gas, measured under room conditions, and reacted it with a 

large volume of hydrogen gas, in order to produce ammonia. Only 15.0% of the nitrogen gas 

reacted to produce ammonia. 

 

What mass of ammonia was formed? 

A 0.213  g B 0.425 g C 1.42 g D 2.83  g 
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35 The element astatine lies below iodine in Group VII of the Periodic Table. 

What will be the properties of astatine?

1 It forms diatomic molecules which dissociate more readily than chlorine molecules.

2 It reacts explosively with hydrogen.

3 It is a good reducing agent.

36 Ammonia and chlorine react in the gas phase.

8NH3 + 3Cl2 → N2 + 6NH4 Cl

Which statements are correct?

1 Ammonia behaves as a reducing agent.

2 Ammonia behaves as a base.

3 The oxidation number of the hydrogen changes.

37 Which  compounds show cis-trans isomerism? 

1 but-2-ene 

2 but-1-ene

3 2-methylpropene

38 When octane is subjected to catalytic cracking, which compounds can be obtained?

1 CH2=CH2

2 CH3CH2CH=CH2

3 CH3(CH2)4 CH3

39 Which ions are present in a solution of ethanol in an excess of concentrated sulphuric acid?

1 CH3CH2O–

2 CH3CH2

+
OH2

3 HSO–
4

40 In the reaction between an aldehyde and HCN catalysed by NaCN, which statements about the
reaction mechanism are true?

1 A new carbon-carbon bond is formed.

2 In the intermediate, the oxygen carried a negative charge.

3 The last stage involves the formation of a hydrogen-oxygen bond.
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34 Samples of calcium and barium are separately added to beakers of cold water containing a few 

drops of litmus solution. 

 

Which observations will be made with only the calcium and not with the barium? 

1 A white suspension appears in the water. 

2 The solution turns blue. 

3 A gas is evolved. 

 

 

35 Disproportionation is the term used to describe a reaction in which a reactant is simultaneously 

both oxidised and reduced. 

 

To which incomplete equations does the term disproportionation apply? 

1 Cl2(g) + 2OH
–

(aq) → H2O(l) + Cl –(aq) + …… 

2 3Cl2(g) + 6OH
–

(aq) → 3H2O(l) + ClO3

–

(aq) + …… 

3 2NO2(g) + H2O(l) → HNO3(aq) + …… 

 

 

36 Element X is a solid. It occurs as a contaminant of carbonaceous fuels. 

 

Its oxide Y is formed in car engines. 

 

Further oxidation of Y to Z can occur in the atmosphere. 

 

Which statements about Y and Z are correct? 

1 Molecule Y has lone pairs of electrons. 

2 The atmospheric oxidation of Y to Z is a catalysed reaction. 

3 Y is a colourless gas. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Use of the Data Booklet is relevant to this question. 

 

The technetium–99 isotope (
99

Tc) is radioactive and has been found in lobsters and seaweed 

adjacent to nuclear fuel reprocessing plants. 

 

Which statements are correct about an atom of 
99

Tc? 

1 It has 13 more neutrons than protons. 

2 It has 43 protons. 

3 It has 99 nucleons. 

 

 

32 Which of the following solids contain more than one type of chemical bond? 

1 brass (an alloy of copper and zinc) 

2 graphite 

3 ice 

 

 

33 Many crude oils contain sulphur as H2S. During refining, by the Claus process, the H2S is 

converted into solid sulphur, which is then removed. 

 

reaction I 2H2S(g) + 3O2(g) → 2H2O(l) + 2SO2(g) 

reaction II 2H2S(g) + SO2(g) → 2H2O(l) + 3S(s) 

 

Which statements about the Claus process are correct? 

1 H2S is oxidised in reaction I. 

2 SO2 oxidises H2S in reaction II. 

3 SO2 behaves as a catalyst. 

 

�
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
 
 

 

15 

© UCLES 2009 9701/11/O/N/09 [Turn over 

34 Why does a mixture of hydrogen gas and bromine gas react together faster at a temperature of 

500 K than it does at a temperature of 400 K? 

1 A higher proportion of effective collisions occurs at 500 K. 

2 Hydrogen molecules and bromine molecules collide more frequently at 500 K. 

3 The activation energy of the reaction is lower at 500 K. 

 

 

35 A farmer added lime to damp soil, followed by the nitrogenous fertiliser ammonium sulfate. A 

chemical reaction occurred in the soil. 

 

Which substances were formed in this reaction? 

1 sulfuric acid 

2 calcium sulfate 

3 ammonia 

 

 

36 Which statements about the reaction of solid sodium bromide with concentrated sulfuric acid are 

correct? 

1 Hydrogen bromide is a product of the reaction. 

2 Sulfuric acid is oxidised to sulfur dioxide. 

3 Bromide ions are reduced to bromine. 

 

 

37 Which statements are true for an SN2 reaction? 

1 One bond is broken as another bond is formed. 

2 The formation of a transition state involves the collision of two molecules or ions. 

3 A carbon atom in the transition state is bonded, either fully or partially, to five other atoms. 

 

 

38 The chlorine free radical takes part in the destruction of the ozone layer. 

 

 Which statements about this free radical are correct? 

1 It is formed by the heterolytic fission of the covalent bond in a chlorine-containing molecule. 

2 It has a single unpaired electron. 

3 It has the same electron arrangement as a chlorine atom. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 A reversible reaction is catalysed. 

 

Which statements about the effects of the catalyst on this system are correct? 

1 The catalyst alters the mechanism of the reaction. 

2 The catalyst reduces the energy of activation (the energy barrier) for both the forward and 

the backward reaction. 

3 The catalyst alters the composition of the equilibrium mixture. 

 

 

34 Which magnesium compounds lose mass when heated by a Bunsen flame? 

1 magnesium carbonate 

2 magnesium nitrate 

3 magnesium oxide 

 

 

35 What happens when chlorine is bubbled through aqueous sodium hydroxide solution? 

1 In cold solution, ClO
–

(aq) ions are formed. 

2 In hot solution, ClO3

–

(aq) ions are formed. 

3 Disproportionation of chlorine occurs in both cold and hot aqueous solutions. 

 

 

36 Which fertilisers, when washed out of soil by rain, cause excessive growth of river plants and 

algae with the result that fish in the river die? 

1 K2 SO4  

2 NH4 NO3 

3 NaNO3 
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34 What is involved when a hydrogen bond is formed between two molecules? 

1 a hydrogen atom bonded to an atom less electronegative than itself 

2 a lone pair of electrons 

3 an electrostatic attraction between opposite charges 

 

 

35 When the yellow liquid NCl 3 is stirred into aqueous sodium hydroxide, the reaction that occurs 

can be represented by the following equation. 

 

2NCl 3(l) + 6NaOH(aq) → N2(g) + 3NaCl (aq) + 3NaOCl (aq) + 3H2O(l) 

 

What will be the result of this reaction? 

1 The nitrogen undergoes a redox reaction. 

2 A bleaching solution remains after the reaction. 

3 The final solution gives a precipitate with acidified silver nitrate. 

 

 

36 In a car engine pollutant oxide Y, which contains non-metallic element X, is formed. 

 

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts 

with 0.5 mol of gaseous oxygen. 

 

X could be either nitrogen or sulfur. 

 

Which statements about X, Y and Z can be correct? 

1 The oxidation number of X increases by two from Y to Z. 

2 Y may have an unpaired electron in its molecule. 

3 Y is a polar molecule. 

 

 

37 Which compounds can be obtained from ethene in a single reaction? 

 

CH3 CH3

HOCH2 CH2 OH

(   CH2 CH2   )n

1

3

2
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34 What is involved when a hydrogen bond is formed between two molecules? 

1 a hydrogen atom bonded to an atom less electronegative than itself 

2 a lone pair of electrons 

3 an electrostatic attraction between opposite charges 

 

 

35 When the yellow liquid NCl 3 is stirred into aqueous sodium hydroxide, the reaction that occurs 

can be represented by the following equation. 

 

2NCl 3(l) + 6NaOH(aq) → N2(g) + 3NaCl (aq) + 3NaOCl (aq) + 3H2O(l) 

 

What will be the result of this reaction? 

1 The nitrogen undergoes a redox reaction. 

2 A bleaching solution remains after the reaction. 

3 The final solution gives a precipitate with acidified silver nitrate. 

 

 

36 In a car engine pollutant oxide Y, which contains non-metallic element X, is formed. 

 

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts 

with 0.5 mol of gaseous oxygen. 

 

X could be either nitrogen or sulfur. 

 

Which statements about X, Y and Z can be correct? 

1 The oxidation number of X increases by two from Y to Z. 

2 Y may have an unpaired electron in its molecule. 

3 Y is a polar molecule. 

 

 

37 Which compounds can be obtained from ethene in a single reaction? 

 

CH3 CH3

HOCH2 CH2 OH

(   CH2 CH2   )n

1

3

2
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 How may nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 having lost 3 electrons to form an anion 

 

 

32 Use of the Data Booklet is relevant to this question. 

 

The isotope 
99

Tc is radioactive and has been found in lobsters and seaweed adjacent to nuclear 

fuel reprocessing plants. 

 

Which statements are correct about an atom of 
99

Tc? 

1 It has 13 more neutrons than protons. 

2 It has 43 protons. 

3 It has 99 nucleons. 

 

 

33 Which of these substances have a giant structure? 

1 silicon(IV) oxide 

2 baked clay found in crockery 

3 phosphorus(V) oxide 
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34 A farmer spreads lime on land which has already been treated with an ammonium nitrate 

fertiliser. 

 

Which reactions will occur in the treated soil? 

1 Ca(OH)2 + 2NH4

+

(aq) → Ca
2+

(aq) + 2NH3 + 2H2O 

2 Ca(OH)2 + 2H
+

(aq) → Ca
2+

(aq) + 2H2O 

3 Ca(OH)2 + CO2 → CaCO3 + H2O 

 

 

35 Which of the halide ions, chloride, bromide or iodide, acts as a reducing agent when its sodium 

salt reacts with concentrated sulfuric acid? 

1 at least one of Cl –, Br – and I – 

2 at least two of Cl –, Br – and I – 

3 all three of Cl –, Br – and I – 
 

 

36 In a car engine, non-metallic element X forms a pollutant oxide Y. 

 

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation, 

1 mol of Y reacts with 0.5 mol of gaseous oxygen. 

 

Which statements about X, Y and Z are correct? 

1 X forms a basic hydride. 

2 Y is a diatomic molecule. 

3 Z is a polar molecule. 

 

 

37 Disaccharides, C12H22O11, are important in the human diet. For example, sucrose is found in 

pastries and lactose occurs in milk products. 

 

Both of these compounds can be hydrolysed. 

 

sucrose  +  H2O  →  CH2OH(CHOH)4CHO  +  CH2OH(CHOH)3COCH2OH 

 glucose fructose 

 

lactose  +  H2O  →  CH2OH(CHOH)4CHO  +  CH2OH(CHOH)4CHO 

 glucose galactose 

 

Which statements about these hydrolysis products are correct? 

1 Glucose and fructose have structural isomers. 

2 Glucose and galactose are optical isomers. 

3 Glucose and galactose are ketones. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 Nitrogen and phosphorus are both in Group V of the Periodic Table. Phosphorus forms a chloride 

with the formula PCl 
5
. 

 

Why is it not possible for nitrogen to form NCl 
5
? 

1 Nitrogen’s outer shell can only contain eight electrons. 

2  Nitrogen cannot have oxidation state +5. 

3 Nitrogen is almost inert. 

 

 

34  Ammonia and chlorine react in the gas phase. 

 

8NH
3
 + 3Cl 

2
 → N

2
 + 6NH

4
Cl  

Which statements are correct? 

1 Ammonia behaves as a reducing agent. 

2  Ammonia behaves as a base. 

3 The oxidation number of the hydrogen changes 

 

 

35  Which statements are correct for all three halogens, chlorine, bromine and iodine? 

1 They all form hydrides that are strong acids in aqueous solution. 

2  They all react with aqueous sodium hydroxide to form oxo-anions. 

3 They all require one more electron to fill the p orbitals of their outer shells. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 Nitrogen and phosphorus are both in Group V of the Periodic Table. Phosphorus forms a chloride 

with the formula PCl 
5
. 

 

Why is it not possible for nitrogen to form NCl 
5
? 

1 Nitrogen’s outer shell can only contain eight electrons. 

2  Nitrogen cannot have oxidation state +5. 

3 Nitrogen is almost inert. 

 

 

34  Ammonia and chlorine react in the gas phase. 

 

8NH
3
 + 3Cl 

2
 → N

2
 + 6NH

4
Cl  

Which statements are correct? 

1 Ammonia behaves as a reducing agent. 

2  Ammonia behaves as a base. 

3 The oxidation number of the hydrogen changes 

 

 

35  Which statements are correct for all three halogens, chlorine, bromine and iodine? 

1 They all form hydrides that are strong acids in aqueous solution. 

2  They all react with aqueous sodium hydroxide to form oxo-anions. 

3 They all require one more electron to fill the p orbitals of their outer shells. 
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33 Which are assumptions of the kinetic theory of gases and hence of the ideal gas equation, 

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

34 Use of the Data Booklet is relevant to this question. 

 

Which properties would be expected for radium, 88Ra, or its compounds? 

1 Radium carbonate would not decompose at the temperature of a Bunsen flame. 

2 Radium hydroxide is very insoluble. 

3 Radium does not react with cold water. 

 

 

35 When a firework is lit, a fuel and an oxidising agent react together. 

 

In one such firework, magnesium is the fuel and barium nitrate is the oxidising agent. 

 

Which solids are produced when the firework is lit? 

1 BaO 

2 MgO 

3 Mg(NO3)2 

 

 

36 In a car engine, non-metallic element X forms a pollutant oxide Y. 

 

Further oxidation of Y to Z occurs spontaneously in the atmosphere. In this further oxidation, 

1  mol of Y reacts with 0.5  mol of gaseous oxygen. 

 

Which statements about X, Y and Z are correct? 

1 The oxidation number of X increases by 2 from Y to Z. 

2 The molecule of Y has no unpaired electrons. 

3 The molecule of Z contains three oxygen atoms. 
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36 Sulfur dioxide is an atmospheric pollutant that causes acid rain. One of the reactions in this 

process is the oxidation of sulfur dioxide to sulfur trioxide. 

 

This oxidation takes place by a two stage reaction involving oxygen and nitrogen monoxide, NO. 

 

NO  +  
2

1

O2  →  NO2 

NO2  +  SO2  →  SO3  +  NO 

 

Which statements are correct? 

1 Nitrogen monoxide is acting as a catalyst for the oxidation. 

2 Nitrogen atoms are oxidised in the second stage. 

3 Oxygen atoms are first reduced and are then oxidised. 

 

 

37 Which are properties of fluoroalkanes? 

1 They are less reactive than the corresponding chloroalkanes. 

2 They are non-flammable. 

3 The C–F bond is stronger than the C–Cl bond. 

 

 

38 What can be produced when an aqueous solution of butan-2-ol is oxidised under suitable 

conditions? 

1 butanone 

2 butanoic acid 

3 butanal 

 

 

39 The Mr of compound X is 72. The composition by mass of X is 66.7 % carbon, 11.1 % hydrogen 

and 22.2 % oxygen. X gives an orange precipitate with 2,4-dinitrophenylhydrazine reagent. X 

does not react with Fehling’s reagent. 

 

What can be deduced from this information? 

1 X is a carbonyl compound. 

2 X is a ketone. 

3 X is butanone. 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  If N2O4 gas is placed in a sealed vessel the following equilibrium is established. 

 

N2O4(g)    2NO2(g) 

 

The forward reaction is endothermic. 

 

What happens when the temperature is increased? 

1 The equilibrium constant increases. 

2 The partial pressure of NO2 increases. 

3 The activation energy is unchanged. 

 

 

35  Which types of bonding are present in ammonium carbonate, (NH4)2CO3? 

1 ionic 

2 covalent 

3 co-ordinate (dative covalent) 

 

 

36  Sulfur dioxide and sulfites are used in food preservation. 

 

Why are they used for this purpose? 

1 They are reducing agents which slow down the oxidation of food. 

2 They inhibit the growth of aerobic bacteria. 

3 They react with NO2(g) converting it to NO(g). 

 

 

37  The organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 

 

What is a possible identity for X? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo,2-methylpropane 
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34 Sulfuric acid is a Brønsted-Lowry acid. 

 

In which reactions is sulfuric acid behaving as an acid? 

1 H2SO4  +  HNO3  →  H2NO3

+

  +  HSO4

–

 

2 H2SO4  +  CO3

2–

  →  CO2  +  H2O  +  SO4

2–

 

3 H2SO4  +  MgO  →  MgSO4  +  H2O 

 

 

35 Silver chloride dissolves in aqueous ammonia. 

 

What happens in this process? 

1 Ammonia forms a complex with the Ag
+

 ion. 

2 Ammonia acts as a Brønsted-Lowry base. 

3 A redox reaction occurs. 

 

 

36 A car has a catalytic converter fitted to its exhaust. On analysis its exhaust gases are shown to 

contain small quantities of nitrogen oxides. 

 

Which modifications would result in lower exhaust concentrations of nitrogen oxides? 

1 an increase in the surface area of the catalyst in the converter 

2 an increase in the rate of flow of the exhaust gases through the converter 

3 a much higher temperature of combustion in the engine 

 

 

37 Which alcohols cannot be dehydrated to form alkenes? 

1 CH3OH 

2 (CH3)3COH 

3 CH3CH2OH 
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35 Solids W, X, Y and Z are compounds of two different Group II metals. Some of their applications 

are described below. 

 

Compound W is used as a refractory lining material in kilns. 

 

Compound X is used as a building material. It can also be heated in a kiln to form compound Y. 

When Y is hydrated, it forms compound Z which is used agriculturally to treat soils. 

 

Which statements about these compounds are correct? 

1 More acid is neutralised by 2.0 g of X than by 2.0 g of W. 

2 The Mr of X is greater than the Mr of Y by 44.0. 

3 The metallic element in Y reacts with cold water more quickly then the metallic element in W. 

 

 

36 Element J is a solid. It occurs as a contaminant of fossil fuels. 

 

Its oxide K is formed in car engines. 

 

In the atmosphere, K can be further oxidised to L. 

 

Which statements about J, K and L are correct? 

1 Atoms of J have paired p electrons. 

2 The atmospheric oxidation of K to L is a catalysed reaction. 

3 With water, L forms a strong acid. 

 

 

37 During the bromination of methane, the free radical CH3• is generated. A possible terminating 

step of this reaction is the formation of C2H6 by the combination of two free radicals. 

 

What could be produced in a terminating step during the bromination of propane? 

 

1 CH3CH2CH2CHCH3

CH3

2 CH3CHCHCH3

CH3

CH3

3 CH3CH2CHCH2CH3

CH3
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34 The Brønsted-Lowry theory describes acid and base character. 

 

When concentrated sulfuric acid and concentrated nitric acid are mixed, the following reactions 

occur. 

 

H2SO4  +  HNO3    HSO4

–

  + H2NO3

+

 

H2NO3

+

    H2O  +  NO2

+

 

H2O  +  H2SO4    HSO4

–

  +  H3O
+

 

 

Which species are bases in these reactions? 

1 HSO4

–

 

2 HNO3 

3 NO2

+

 

 

 

35 Pollutant oxide Y, which contains non-metallic element X, is formed in a car engine. 

 

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts 

with 0.5 mol of gaseous oxygen molecules. 

 

X could be either nitrogen or sulfur. 

 

Which statements about X, Y and Z can be correct? 

1 The oxidation number of X increases by two from Y to Z. 

2 Y has an unpaired electron in its molecule. 

3 Y is a polar molecule. 

 

 

36 A test-tube of HI gas and a test-tube of HBr gas are placed together in an environment at 

temperature, T. 

 

Which combinations of observations are possible depending on the temperature, T? 

1 A brown vapour appears in one of the test-tubes. No change is apparent in the other  

test-tube. 

2 A brown vapour appears in one of the test-tubes. A purple vapour appears in the other  

test-tube. 

3 No change is apparent in either test-tube. 

 

 

37 Which pairs of reagents will take part in a redox reaction? 

1 CH3COCH3  +  Tollens’ reagent 

2 CH3CH2CHO  +  Fehling’s reagent 

3 CH3CH=CH2  +  Br2 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Use of the Data Booklet is relevant to this question. 

 

When the liquid N
2
F
4
 is heated, it decomposes into a single product, X. 

 

Which statements are correct? 

1 N –  F bonds are broken during this decomposition. 

2  The enthalpy change when N
2
F
4
 decomposes into X is approximately +160 kJ mol

–1

. 

3 Molecules of X are non-linear. 

 

 

32  P and Q are two liquid compounds with similar M
r
 values. Molecules of P attract each other by 

hydrogen bonds. Molecules of Q attract each other by van der Waals’ forces only. 

 

How do the properties of P and Q differ? 

1 P has a higher surface tension than Q. 

2  P is less soluble in water than Q. 

3 P has a lower melting point than Q. 

 

 

33 R and S react together. 

 

R  +  S    T 

 

Which factors affect the rate of the forward reaction? 

1 the activation energy of the reaction 

2  the enthalpy change of the reaction 

3 the equilibrium constant of the reaction 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Which of these reactions are redox reactions? 

1 6NO(g)  +  4NH3(g)  →  5N2(g)  +  6H2O(g) 

2 2SO2(g)  +  O2(g)  →  2SO3(g) 

3 SO3(g)  +  H2O(g)  →  H2SO4(g) 

 

 

35  When added to water, which oxides will cause a change in the pH of the water? 

1 SiO2 

2 CaO 

3 SO2 

 

 

36  Halogenated hydrocarbons have many uses. 

 

What have halogenated hydrocarbons been used for? 

1 solvents 

2 refrigerants 

3 monomers in polymer manufacture 

 

 

37  In which structures do the four carbon atoms labelled C lie in the same plane? 

 

C

1

C
C

C

2

C

C

C
C

3

C

C

CC
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33 Many crude oils contain H2S. During refining, by the Claus process, the H2S is converted into 

solid sulfur, which is then removed. 

 

reaction I 2H2S(g)  +  3O2(g)  →  2H2O(l)  +  2SO2(g) 

reaction II 2H2S(g)  +  SO2(g)  →  2H2O(l)  +  3S(s) 

 

Which statements about the Claus process are correct? 

1 H2S is oxidised in reaction I. 

2 SO2 oxidises H2S in reaction II. 

3 Hydrogen is oxidised in reaction II. 

 

 

34 The stoichiometry of a catalysed reaction is shown by the equation below. 

 

P (g)  +  Q (g)    R (g)  +  S (l) 
 

Two experiments were carried out in which the rate of production of R was measured. The results 

are shown in the diagram below. 

 

00

amount
of R

experiment 1

experiment 2

time
 

 

Which changes in the conditions might explain the results shown? 

1 A lower pressure was used in experiment 2. 

2 A different catalyst was used in experiment 2. 

3 Product S was continuously removed from the reaction vessel in experiment 2. 

 

 

35 Which statements explain why sulfur dioxide is used as a food preservative? 

1 It is a reducing agent and therefore an anti-oxidant. 

2 It prevents alcohols in foods forming sour-tasting acids. 

3 It does not smell and therefore can be used in large quantities. 
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3 Nitrogen, which makes up about 80% of the Earth’s atmosphere, is very unreactive.

(a) (i) Explain the lack of reactivity of nitrogen.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

(ii) Nitrogen does, however, undergo some reactions. Write an equation for one
reaction of nitrogen, stating the conditions under which it occurs.

equation ...................................................................................................................

conditions .................................................................................................................

..................................................................................................................................

..................................................................................................................................

(iii) Suggest why nitrogen does react in the example you have chosen.

..................................................................................................................................

..................................................................................................................................
[6]

Ammonium nitrate, NH4NO3, is a commercially important compound of nitrogen.

(b) (i) State one large-scale use of ammonium nitrate.

..................................................................................................................................

(ii) What are the environmental consequences of the uncontrolled use of ammonium
nitrate?

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................
[4]
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When solid ammonium nitrate is heated with solid sodium hydroxide in a test-tube, three
products are formed. A colourless alkaline gas, Y, is given off, and a colourless liquid can
be seen on the cooler parts of the test-tube. A white solid remains in the tube.

(c) (i) Identify gas Y.

..................................................................................................................................

(ii) Write an equation, with state symbols, for the reaction of ammonium nitrate with
sodium hydroxide.

..................................................................................................................................
[3]

(d) In order to produce gas Y in a pure state in the laboratory, it must be passed through a
drying agent.

Why is concentrated sulphuric acid not suitable for drying gas Y?

..........................................................................................................................................

.................................................................................................................................... [1]

[Total: 14]
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 In many countries, new cars have to comply with regulations which are intended to reduce 
the pollutants coming from their internal combustion engines. 

 Two pollutants that may be formed in an internal combustion engine are carbon monoxide, 
CO, and nitrogen monoxide, NO.

 (e) (i) Outline how each of these pollutants may be formed in an internal combustion 
engine.

CO  ............................................................................................................................

 ..................................................................................................................................

NO  ............................................................................................................................

 ..................................................................................................................................
 
  (ii) State the main hazard associated with each of these pollutants.

   CO .................................................................... 

   NO .................................................................... [4]

 Pollutants such as CO and NO are removed from the exhaust gases of internal combustion 
engines by catalytic converters which are placed in the exhaust system of a car.

 (f) (i) What metal is most commonly used as the catalyst in a catalytic converter?

   ...................................................

  (ii) Construct one balanced equation for the reaction in which both CO and NO are 
removed from the exhaust gases by a catalytic converter.

 .............................................................................................................................. [2]

[Total: 14]
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(iii) Calculate the volume of 0.50 mol dm–3 sulphuric acid that is required to neutralise
the 200 cm3 of aqueous ammonia.

[3]

(d) In the boxes below, draw diagrams to show the shapes of an ammonia molecule and an
ammonium ion. Clearly show the bond angles on your diagrams.

[4]

(e) Ammonia does not burn in air but will burn in pure oxygen.

(i) Balance the equation for this reaction:

…… NH3(g) + …… O2(g) ⎯→ …… N2(g) + …… H2O(g)

(ii) Use oxidation numbers to explain why this is a redox reaction.

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[3]

[Total : 16]
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Answer all the questions in the spaces provided.

1  A sample of a fertiliser was known to contain ammonium sulfate, (NH4)2SO4, and sand only.

  A 2.96 g sample of the solid fertiliser was heated with 40.0 cm3 of NaOH(aq), an excess, and 
all of the ammonia produced was boiled away.

  After cooling, the remaining NaOH(aq) was exactly neutralised by 29.5 cm3 of 2.00 mol dm–3 
HCl.

  In a separate experiment, 40.0 cm3 of the original NaOH(aq) was exactly neutralised by 
39.2 cm3 of the 2.00 mol dm–3 HCl.

 (a) (i)  Write balanced equations for the following reactions.

 NaOH with HCl

  ....................................................................................................................................

 (NH4)2SO4 with NaOH

  ....................................................................................................................................

 (ii)  Calculate the amount, in moles, of NaOH present in the 40.0 cm3 of the original 
NaOH(aq) that was neutralised by 39.2 cm3 of 2.00 mol dm–3 HCl.

 (iii)  Calculate the amount, in moles, of NaOH present in the 40.0 cm3 of NaOH(aq) that 
remained after boiling the (NH4)2SO4.

 (iv)  Use your answers to (ii) and (iii) to calculate the amount, in moles, of NaOH that 
reacted with the (NH4)2SO4.
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 (v)  Use your answers to (i) and (iv) to calculate the amount, in moles, of (NH4)2SO4 that 
reacted with the NaOH.

 (vi)  Hence calculate the mass of (NH4)2SO4 that reacted.

 (vii)  Use your answer to (vi) to calculate the percentage, by mass, of (NH4)2SO4 present 
in the fertiliser.

  Write your answer to a suitable number of signifi cant fi gures.

[9]

 (b)  The uncontrolled use of nitrogenous fertilisers can cause environmental damage to lakes 
and streams. This is known as eutrophication.

  What are the processes that occur when excessive amounts of nitrogenous fertilisers get 
into lakes and streams?

  ...........................................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [2]

 (c)  Large quantities of ammonia are manufactured by the Haber process.
  Not all of this ammonia is used to make fertilisers.
  State one large-scale use for ammonia, other than in the production of nitrogenous 

fertilisers.  

  .....................................................................................................................................  [1]

[Total: 12]
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2 Sulphur and its compounds are found in volcanoes, in organic matter and in minerals.

Sulphuric acid, an important industrial chemical, is manufactured from sulphur by the
Contact process. There are three consecutive reactions in the Contact process which are
essential.

(a) Write a balanced equation (using where appropriate) for each of these reactions
in the correct sequence.

1 .......................................................................................................................................

2 .......................................................................................................................................

3 ................................................................................................................................. [4]

(b) What catalyst is used?

.................................................................................................................................... [1]

Hydrogen sulphide, H2S, is a foul-smelling compound found in the gases from volcanoes.
Hydrogen sulphide is covalent, melting at –85 °C and boiling at –60 °C.

(c) (i) Draw a ‘dot-and-cross’ diagram to show the structure of the H2S molecule.

(ii) Predict the shape of the H2S molecule.

.............................................................

(iii) Oxygen and sulphur are both in Group VI of the Periodic Table.

Suggest why the melting and boiling points of water, H2O, are much higher than
those of H2S.

..................................................................................................................................

..................................................................................................................................

............................................................................................................................ [4]

4
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Hydrogen sulphide burns with a blue flame in an excess of oxygen to form sulphur dioxide
and water.

(d) (i) Write a balanced equation for the complete combustion of H2S.

..................................................................................................................................

(ii) What is the change in the oxidation number of sulphur in this reaction?

from ....................................................... to .............................................................

(iii) What volume of oxygen, measured at room temperature and pressure, is required
for the complete combustion of 8.65 g of H2S? Give your answer to two decimal
places.

[5]

Hydrogen sulphide is a weak diprotic (dibasic) acid. Its solution in water contains HS– and a
few S2– ions.

(e) (i) What is meant by the term weak acid?

..................................................................................................................................

..................................................................................................................................

(ii) Write an equation, with state symbols, for the first ionisation of H2S when it
dissolves in water.

............................................................................................................................ [3]

[Total: 17]
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2 Sulfur and its compounds are found in volcanoes, in organic matter and in minerals.
 Sulfuric acid, an important industrial chemical, is manufactured from sulfur by the Contact 

process.
 The Contact process may be considered to be a three-stage process in which sulfur is 

converted into sulfuric acid. Each stage consists of a single chemical reaction. 

 (a) Write a balanced equation for each of these reactions in the correct sequence.
  Where appropriate, use  to indicate that the reaction is an equilibrium.

first reaction  .....................................................................................................................

second reaction  ...............................................................................................................

third reaction  ................................................................................................................ [4]

 (b) Give three different operating conditions that are used in the second stage.

condition 1  .......................................................................................................................

condition 2  .......................................................................................................................

condition 3  ................................................................................................................... [3]

 (c) State one large scale use of sulfuric acid.

  ................................................................... [1]

 (d) Most of the sulfur that is used in the Contact process is recovered from sulfur compounds 
present in crude oil and natural gas by using the Claus process.

  (i) In this process, about one third of the hydrogen sulfide, H2S, present in the oil or 
gas, is converted into sulfur dioxide, SO2.

   Balance the equation for this reaction.

.....H2S     + .....O2    .....SO2      + .....H2O
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  (ii) The SO2 formed is then reacted catalytically with the remaining H2S, producing 
sulfur and water.

 
     2H2S  +  SO2    3S  +  2H2O

   What are the oxidation numbers of each of the sulfur-containing substances in this 
reaction?

     H2S.........          SO2 ..........          S .......

   Which substance is reduced? Explain your answer. 

   substance .............

explanation  ........................................................................................................... [3]

 The sulfur present in crude oil is removed in order to prevent the formation of sulfur dioxide 
when fuels such as petrol (gasoline) or diesel fuel are burned in internal combustion 
engines.

 Other substances that may be present in the exhaust gases of motor vehicles include CO, 
CO2, NO/NO2, and unburnt hydrocarbons.

 The emission of sulfur dioxide can produce ‘acid rain’.

 (e) (i) Outline, with the aid of equations, how acid rain is formed from the exhaust gases 
of motor vehicles.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) State one environmental effect of acid rain.

 .............................................................................................................................. [4]

 (f) Sulfur dioxide is used to preserve dried fruits and vegetables.

  What chemical property of SO2 enables it to be used as a food preservative?

 ...................................................................................................................................... [1]

[Total: 16]
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(d) In modern plants, nearly all the SO2/SO3 mixture is absorbed but up to 0.05% by
volume of SO2 may be allowed to pass into the atmosphere through a chimney stack.

Give two reasons why SO2 should not be discharged into the atmosphere.

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]

(e) (i) When concentrated sulphuric acid is warmed with solid sodium chloride, misty
fumes are produced.

Identify the fumes.  ...................................................................................................

Write an equation for the reaction.

...................................................................................................................................

(ii) When concentrated sulphuric acid is warmed with solid sodium iodide, purple
fumes are produced.

Identify the fumes.  ...................................................................................................
[3]

[Total : 11]

5 Crude oil is the principal source of hydrocarbons. The following are examples of such
hydrocarbons.

(a) Give the structural formulae of the organic products in the following reactions.

(i) The reaction of ethane with bromine in the presence of u.v. light.

(ii) The polymerisation of propene.

H

H H

H H

C C H C C

H

H

H

CH3

ethane propene cyclohexene
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1 Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

the Faraday constant F = 9.65 × 104 C mol–1

the Avogadro constant L = 6.02 x 1023 mol–1

the Planck constant h = 6.63 × 10–34 J s

speed of light in a vacuum c = 3.00 × 108 m s–1

rest mass of proton, 1
1H mp = 1.67 × 10–27 kg

rest mass of neutron, 0   
1
 n mn = 1.67 × 10–27 kg

rest mass of electron, -1
0  e me = 9.11 × 10–31 kg

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p
Vm = 24.0 dm3 mol–1 under room conditions
(where s.t.p. is expressed as 101 kPa, approximately, and 273 K (0 °C))

ionic product of water Kw =  1.00 × 10–14 mol2 dm–6

(at 298 K (25 °C))

specific heat capacity of water = 4.18 kJ kg–1 K–1

(= 4.18 J g–1 K–1)
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2  Ionisation energies (1st, 2nd, 3rd and 4th) of selected elements, 
in kJ mol–1

Proton 
number

First Second Third Fourth

H 1 1310 – – –

He 2 2370 5250 – –

Li 3 519 7300 11800 –

Be 4 900 1760 14800 21000

B 5 799 2420 3660 25000

C 6 1090 2350 4610 6220

N 7 1400 2860 4590 7480

O 8 1310 3390 5320 7450

F 9 1680 3370 6040 8410

Ne 10 2080 3950 6150 9290

Na 11 494 4560 6940 9540

Mg 12 736 1450 7740 10500

Al 13 577 1820 2740 11600

Si 14 786 1580 3230 4360

P 15 1060 1900 2920 4960

S 16 1000 2260 3390 4540

Cl 17 1260 2300 3850 5150

Ar 18 1520 2660 3950 5770

K 19 418 3070 4600 5860

Ca 20 590 1150 4940 6480

Sc 21 632 1240 2390 7110

Ti 22 661 1310 2720 4170

V 23 648 1370 2870 4600

Cr 24 653 1590 2990 4770

Mn 25 716 1510 3250 5190

Fe 26 762 1560 2960 5400

Co 27 757 1640 3230 5100

Ni 28 736 1750 3390 5400

Cu 29 745 1960 3350 5690

Zn 30 908 1730 3828 5980

Ga 31 577 1980 2960 6190
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Proton 
number

First Second Third Fourth

Br 35 1140 2080 3460 4850

Rb 37 403 2632 3900 5080

Sr 38 548 1060 4120 5440

Ag 47 731 2074 3361 –

I 53 1010 1840 2040 4030

Cs 55 376 2420 3300 –

Ba 56 502 966 3390 –
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Homonuclear 

Bond Energy/kJ mol–1

H−H 436

D−D 442

N≡N 944

O=O 496

P≡P 485

S=S 425

F−F 158

Cl −Cl 242

Br−Br 193

I−I 151

3 Bond energies

3(a) Bond energies in diatomic molecules (these are exact values)

Heteronuclear

Bond Energy/kJ mol–1

H−F  562

H−Cl  431

H−Br  366

H−I  299

C≡O 1077
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Homonuclear

Bond Energy/kJ mol–1

C−C 350

C=C 610

C≡C 840

C––ሹC (benzene) 520

N−N 160

N=N 410

O−O 150

Si−Si 222

P−P 200

S−S 264

3(b) Bond energies in polyatomic molecules (these are average values)

Heteronuclear

Bond Energy/kJ mol–1

C−H 410

C−Cl 340

C−Br 280

C−I 240

C−N 305

C=N 610

C≡N 890

C−O 360

C=O 740

C=O in CO2 805

N−H 390

N−Cl 310

O−H 460

Si−Cl 359

Si−H 320

Si−O (in SiO2(s)) 460

Si=O (in SiO2(g)) 640

P−H 320

P−Cl 330

P−O 340

P=O 540

S−H 347

S−Cl 250

S−O 360

S=O 500
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(a) E⦵  in alphabetical order

Electrode reaction E⦵/V

Ag+ + e– ⇌ Ag +0.80

Al 3+ + 3e– ⇌ Al –1.66

Ba2+ + 2e– ⇌ Ba –2.90

Br2 + 2e– ⇌ 2Br– +1.07

Ca2+ + 2e– ⇌ Ca –2.87

Cl 2 + 2e– ⇌ 2Cl – +1.36

2HOCl + 2H+ + 2e– ⇌ Cl2 + 2H2O +1.64

ClO– + H2O + 2e– ⇌ Cl – + 2OH– +0.89

Co2+ + 2e– ⇌ Co –0.28

Co3+ + e– ⇌ Co2+ +1.82

[Co(NH3)6]
2+ + 2e– ⇌ Co + 6NH3 –0.43

Cr2+ + 2e– ⇌ Cr –0.91

Cr3+ + 3e– ⇌ Cr –0.74

Cr3+ + e– ⇌ Cr2+ –0.41

Cr2O7
2– + 14H+ + 6e– ⇌ 2Cr3+ + 7H2O +1.33

Cu+ + e– ⇌ Cu +0.52

Cu2+ + 2e– ⇌ Cu +0.34

Cu2+ + e– ⇌ Cu+ +0.15

[Cu(NH3)4]
2+ + 2e– ⇌ Cu + 4NH3 –0.05

F2 + 2e– ⇌ 2F– +2.87

Fe2+ + 2e– ⇌ Fe –0.44

Fe3+ + 3e– ⇌ Fe –0.04

Fe3+ + e– ⇌ Fe2+ +0.77

[Fe(CN)6]
3– + e– ⇌ [Fe(CN)6]

4– +0.36

Fe(OH)3 + e– ⇌ Fe(OH)2 + OH– –0.56

2H+ + 2e– ⇌ H2 0.00

2H2O + 2e– ⇌ H2 + 2OH– –0.83

I2 + 2e– ⇌ 2I – +0.54

4  Standard electrode potential and redox potentials, E⦵ at 298 K (25 °C)

For ease of reference, two tables are given:

(a) an extended list in alphabetical order

(b) a shorter list in decreasing order of magnitude, i.e. a redox series.
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Electrode reaction E⦵/V

K+ + e– ⇌ K –2.92

Li+ + e– ⇌ Li –3.04

Mg2+ + 2e– ⇌ Mg –2.38

Mn2+ + 2e– ⇌ Mn –1.18

Mn3+ + e– ⇌ Mn2+ +1.49

MnO2 + 4H+ + 2e– ⇌ Mn2+ + 2H2O +1.23

MnO4
– + e– ⇌ MnO4

2– +0.56

MnO4
– + 4H+ + 3e– ⇌ MnO2 + 2H2O +1.67

MnO4
– + 8H+ + 5e– ⇌ Mn2+ + 4H2O +1.52

NO3
– + 2H+ + e– ⇌ NO2 + H2O +0.81

NO3
– + 3H+ + 2e– ⇌ HNO2 + H2O +0.94

NO3
– + 10H+ + 8e– ⇌ NH4

+ + 3H2O +0.87

Na+ + e– ⇌ Na –2.71

Ni2+ + 2e– ⇌ Ni –0.25

[Ni(NH3)6]
2+ + 2e– ⇌ Ni + 6NH3 –0.51

H2O2 + 2H+ + 2e– ⇌ 2H2O +1.77

HO2
– + H2O + 2e– ⇌ 3OH– +0.88

O2 + 4H+ + 4e– ⇌ 2H2O +1.23

O2 + 2H2O + 4e– ⇌ 4OH– +0.40

O2 + 2H+ + 2e– ⇌ H2O2 +0.68

O2 + H2O + 2e– ⇌ HO2
– + OH– –0.08

Pb2+ + 2e– ⇌ Pb –0.13

Pb4+ + 2e– ⇌ Pb2+ +1.69

PbO2 + 4H+ + 2e– ⇌ Pb2+ + 2H2O +1.47

SO4
2– + 4H+ + 2e– ⇌ SO2 + 2H2O +0.17

S2O8
2–+ 2e– ⇌ 2SO4

2– +2.01

S4O6
2–+ 2e– ⇌ 2S2O3

2– +0.09

Sn2+ + 2e– ⇌ Sn –0.14

Sn4+ + 2e– ⇌ Sn2+ +0.15

V2+ + 2e– ⇌ V –1.20

V3+ + e– ⇌ V2+ –0.26

VO2+ + 2H+ + e– ⇌ V3+ + H2O +0.34

VO2
+ + 2H+ + e– ⇌ VO2+ + H2O +1.00

VO3
– + 4H+ + e– ⇌ VO2+ + 2H2O +1.00

Zn2+ + 2e– ⇌ Zn –0.76

All ionic states refer to aqueous ions but other state symbols have been omitted.
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(b) E⦵  in  decreasing order of oxidising power

(a selection only – see also the extended alphabetical list on the previous pages)

Electrode reaction E⦵/V

F2 + 2e– ⇌ 2F– +2.87

S2O8
2–+ 2e– ⇌ 2SO4

2– +2.01

H2O2 + 2H+ + 2e– ⇌ 2H2O +1.77

MnO4
– + 8H+ + 5e– ⇌ Mn2+ + 4H2O +1.52

PbO2 + 4H+ + 2e– ⇌ Pb2+ + 2H2O +1.47

Cl 2 + 2e– ⇌ 2Cl – +1.36

Cr2O7
2– + 14H+ + 6e– ⇌ 2Cr3+ + 7H2O +1.33

O2 + 4H+ + 4e– ⇌ 2H2O +1.23

Br2 + 2e– ⇌ 2Br– +1.07

ClO– + H2O + 2e– ⇌ Cl – + 2OH– +0.89

NO3
– + 10H+ + 8e– ⇌ NH4

+ + 3H2O +0.87

NO3
– + 2H+ + e– ⇌ NO2 + H2O +0.81

Ag+ + e– ⇌ Ag +0.80

Fe3+ + e– ⇌ Fe2+ +0.77

I2 + 2e– ⇌ 2I– +0.54

O2 + 2H2O + 4e– ⇌ 4OH– +0.40

Cu2+ + 2e– ⇌ Cu +0.34

SO4
2– + 4H+ + 2e– ⇌ SO2 + 2H2O +0.17

Sn4+ + 2e– ⇌ Sn2+ +0.15

S4O6
2–+ 2e– ⇌ 2S2O3

2– +0.09

2H+ + 2e– ⇌ H2 0.00

Pb2+ + 2e– ⇌ Pb –0.13

Sn2+ + 2e– ⇌ Sn –0.14

Fe2+ + 2e– ⇌ Fe –0.44

Zn2+ + 2e– ⇌ Zn –0.76

2H2O + 2e– ⇌ H2 + 2OH– –0.83

V2+ + 2e– ⇌ V –1.20

Mg2+ + 2e– ⇌ Mg –2.38

Ca2+ + 2e– ⇌ Ca –2.87

K+ + e– ⇌ K –2.92
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5 Atomic and ionic radii

(a) Period 1 atomic/nm ionic/nm

 single covalent H 0.037 H+ 0.208

 van der Waals He 0.140

(b) Period 2

 metallic Li 0.152 Li+ 0.060

Be 0.112 Be2+ 0.031

 single covalent B 0.080 B3+ 0.020

 C 0.077 C4+ 0.015 C4– 0.260

 N 0.074   N3– 0.171

 O 0.073   O2– 0.140

F 0.072   F– 0.136

 van der Waals Ne 0.160

(c) Period 3

 metallic Na 0.186 Na+ 0.095

Mg 0.160 Mg2+ 0.065

Al 0.143 Al 3+ 0.050

 single covalent Si 0.117 Si4+ 0.041

P 0.110   P3– 0.212

S 0.104   S2– 0.184

Cl 0.099   Cl – 0.181

 van der Waals Ar 0.190

(d)  Group 2

 metallic Be 0.112 Be2+ 0.031

Mg 0.160 Mg2+ 0.065

Ca 0.197 Ca2+ 0.099

Sr 0.215 Sr2+ 0.113

Ba 0.217 Ba2+ 0.135

Ra 0.220 Ra2+ 0.140
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(e) Group 14 atomic/nm ionic/nm

 single covalent C 0.077

Si 0.117 Si4+ 0.041

Ge 0.122 Ge2+ 0.093

 metallic Sn 0.162 Sn2+ 0.112

Pb 0.175 Pb2+ 0.120

(f) Group 17

 single covalent F 0.072 F– 0.136

Cl 0.099 Cl – 0.181

Br 0.114 Br– 0.195

I 0.133 I– 0.216

At 0.140

(g) First row transition elements

 metallic Sc 0.164   Sc3+ 0.081

Ti 0.146 Ti2+ 0.090 Ti3+ 0.067

V 0.135 V2+ 0.079 V3+ 0.064

Cr 0.129 Cr2+ 0.073 Cr3+ 0.062

Mn 0.132 Mn2+ 0.067 Mn3+ 0.062

Fe 0.126 Fe2+ 0.061 Fe3+ 0.055

Co 0.125 Co2+ 0.078 Co3+ 0.053

Ni 0.124 Ni2+ 0.070 Ni3+ 0.056

Cu 0.128 Cu2+ 0.073

Zn 0.135 Zn2+ 0.075
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6 Typical proton (1H) chemical shift values (δ) relative to TMS = 0

Type of 
proton

Environment of proton Example structures Chemical shift 
range (δ)

C–H

alkane –CH3, –CH2–, >CH– 0.9–1.7

alkyl next to C=O CH3–C=O, –CH2–C=O, >CH–C=O 2.2–3.0

alkyl next to aromatic ring CH3–Ar, –CH2–Ar, > CH–Ar 2.3–3.0

alkyl next to 
electronegative atom

CH3–O, –CH2–O, –CH2–Cl, 
>CH–Br

3.2–4.0

attached to alkyne ≡C−H 1.8–3.1

attached to alkene =CH2, =CH– 4.5–6.0

attached to aromatic ring –H 6.0–9.0

aldehyde R

H

O

C 9.3–10.5

O–H
(see note 

below)

alcohol RO–H 0.5–6.0

phenol –OH 4.5–7.0

carboxylic acid R

O

O

C

H

9.0–13.0

N–H
(see note 

below)

alkyl amine R–NH– 1.0–5.0

aryl amine –NH2 3.0–6.0

amide
R

N

O

C

H
5.0–12.0

Note: δ values for –O–H and –N–H protons can vary depending on solvent and concentration.
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7 Typical carbon (13C) chemical shift values (δ) relative to TMS = 0

Hybridisation of 
the carbon atom

Environment of carbon 
atom

Example structures Chemical 
shift range 

(δ)

sp3 alkyl CH3–, CH2–, –CH< 0–50

sp3 next to alkene/arene −CH2−C=C, −CH2− 10–40

sp3 next to carbonyl/carboxyl −CH2−COR, −CH2−CO2R 25–50

sp3 next to nitrogen −CH2−NH2, −CH2−NR2, −CH2−NHCO 30–65

sp3

next to chlorine
(−CH2−Br and −CH2−I are in 

the same range 
as alkyl)

−CH2−Cl 30–60

sp3 next to oxygen −CH2−OH, −CH2−O−CO− 50–70

sp2 alkene or arene >C=C<, 
C C

C

C

C

C 110–160

sp2 carboxyl R−CO2H, R−CO2R 160–185

sp2 carbonyl R−CHO, R−CO−R 190–220

sp alkyne R−C≡C− 65–85

sp nitrile R−C≡N 100–125
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8  Characteristic infra-red absorption frequencies for some selected 
bonds

Bond
Functional groups containing

the bond
Absorption range (in 
wavenumbers)/cm–1

Appearance of peak 
(s = strong, w = weak)

C−O alcohols, ethers, esters 1040–1300 s

C=C aromatic compounds, alkenes 1500–1680 w unless conjugated

C=O
amides
ketones and aldehydes
esters

1640–1690
1670–1740
1710–1750

s
s
s

C≡C alkynes 2150–2250 w unless conjugated

C≡N nitriles 2200–2250 w

C−H
alkanes, CH2−H
alkenes/arenes, =C−H

2850–2950
3000–3100

s
w

N−H amines, amides 3300–3500 w

O−H
carboxylic acids, RCO2−H
H-bonded alcohol, RO−H
free alcohol, RO−H

2500–3000
3200–3600
3580–3650

s and very broad
s

s and sharp
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9  The orientating effect of groups in aromatic substitution reactions.

The position of the incoming group, Y, is determined by the nature of the group, X, already bonded to the 
ring, and not by the nature of the incoming group Y.

X X

2

3

4

+Y+ +H+

Y

X– groups that direct the incoming 
Y group to the 2– or 4– positions

X– groups that direct the incoming 
Y group to the 3– position

−NH2, −NHR or −NR2 −NO2

−OH or −OR −NH3

−NHCOR −CN

−CH2, −alkyl −CHO, –COR

 −Cl −CO2H, −CO2R
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10 Names, structures and abbreviations of some amino acids

Name
3-letter 

abbreviation
1-letter symbol

structure of side chain R– in

R

CO2H

NH2

CH

alanine Ala A CH3−

aspartic acid Asp D HO2CCH2−

cysteine Cys C HSCH2−

glutamic acid Glu E HO2CCH2CH2−

glycine Gly G H−

lysine Lys K H2NCH2CH2CH2CH2−

phenylalanine Phe F CH2

serine Ser S HOCH2−

tyrosine Tyr Y CH2HO

valine Val V

CH3

CH3

CH
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