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The Structure of Atoms

Atoms are the smallest particles of matter whose properties we study in Chemistry. However from experiments
done in the late 19" and early 20 century it was deduced that atoms were made up of three fundamental
sub-atomic particles (listed below)

Particle Relative mass Electric charge Comments

Proton 1 +1 (positive) In the nucdeus (a nucleon)

Neutron 1 0 (zero) In the nucleus {a nucleon)

Electron 1 /1850 -1 (negative) Arranged in energy levels or shells
around the nucleus (see later)

A Portrait of an Atom

e The diagram below gives some idea on the structure of an atom, it also includes some important
definitions and notation used to describe atomic structure.

e The atomic number (2) is also known as the proton number of the nucleus of a particular element.

e Itis the proton number that determines the specific identity of a particular element and its electron
structure.

e The mass number (A) is also known as the nucleon number (N), that is the number of particles in
the nucleus of a particular isotope.

¢ Protons and neutrons are the nucleons present in the positive nucleus and the negative
electrons are held by the positive nucleus in 'orbits' called energy levels or shells.

e In a neutral atom the number of protons equals the number of electrons.

orbit of electron

The Atomic Number {Z) = the number
of protons in the nucleus

The Mass number {4) = the sum of the
protons and neuirons in the nucleus

The neutron number (M) = A - Z

" Nuclide notation for isotopes )
top left number = Mass N.(A)
nucleus of | botiom number = Atomic N.(Z)
protons (+) this means an atom of

utrons (o) J7r]'_J- lithaurm, atomuc number
3

l of 3 (3 protons) and a
mass number of 7 (3
protongs plus 4 neutrons)

"y r

electron (-}

ISOTOPES

o Isotopes are atoms of the same element with different numbers of neutrons. This gives each
isotope of the element a different mass or nucleon number but being the same element they have
the same atomic or proton number.

e There are small physical differences between the isotopes eg the heavier isotope has a greater
density or boiling point.

e However, because they have the same number of protons they have the same electronic structure and
identical chemically. Examples are illustrated below.

e Do NOT assume the viliaie j Nl \n the stability of the nucleus
stlidyguide:pk


http://www.wpbschoolhouse.btinternet.co.uk/page04/4_71atom.htm#ISOTOPES#ISOTOPES
http://www.studyguide.pk
www.studyguide.pk

www.studyguide.pk

i.e. unstable atoms (radioactive) might be referred to as radioisotopes. Many isotopes are
stable and NOT radioactive i.e. most of the atoms that make up you and the world around you!

1 2 3
H "H  TH | | |
, 17 "and are the three isotopes of hydrogen with mass numbers of 1, 2 and 3, with 0,
1 and 2 neutrons respectively, but all have 1 proton. Hydrogen-1 is the most common, there is a trace

of hydrogen-2 naturally but hydrogen-3 is very unstable and is used in atomic fusion weapons.

3 4
,He He _ o _

. and are the two isotopes of helium with mass numbers of 3 and 4, with 1 and 2
neutrons respectively but both have 2 protons. Helium-3 is formed in the Sun by the initial nuclear
fusion process. Helium-4 is also formed in the Sun and as a product of radioactive alpha decay of an
unstable nucleus. An alpha particle is a helium nucleus, it picks up two electrons and becomes the
atoms of the gas helium.

23 24
aNa ;;Na | o |

. and are the two isotopes of sodium with mass numbers of 23 and 24, with 12
and 13 neutrons respectively but both have 11 protons. Sodium-23 is quite stable e.g. in common salt
(NaCl, sodium chloride) but sodium-24 is a radio-isotope and is a gamma emitter used in medicine as a
radioactive tracer e.g. to examine organs and the blood system.

e The relative atomic mass of an element is the average mass of all the isotopes present compared to

1/12th of the mass of carbon-12 atom (**C = 12.00000 ie the standard). _

The Electronic Structure of Atoms

(electron configuration, arrangement in shells or energy levels)

o The electrons are arranged in energy levels or shells around the nucleus and with
increasing distance from the nucleus.
o Each electron in an atom is in a particular energy level (or shell) and the electrons
must occupy the lowest available energy level (or shell) available nearest the nucleus.
o When the level is full, the next electron(s) go into the next highest level (shell) available.
o There are rules about the maximum number of electrons allowed in each shell and you
have to be able to work out the arrangements for the first 20 elements (see the Periodic
Table diagrams further down).
o The 1% shell has a maximum of 2 electrons
o The 2nd shell has a maximum of 8 electrons
o The 3rd shell has a maximum of 8 electrons
o The 19" and 20" electrons go into the 4™ shell (limit of GCSE knowledge)
o If you know the atomic (proton) number, you know it equals the number of
electrons in a neutral atom, you then apply the rules to work out the electron
arrangement (configuration).

Examples: diagram, symbol or name of element (Atomic Number = number of electrons in a
neutral atom), shorthand electron arrangement

stlidyguideipk


http://www.wpbschoolhouse.btinternet.co.uk/page04/4_73calcs.htm#1. Explaining relative
http://www.studyguide.pk
www.studyguide.pk

www.studyguide.pk

1} 1
o electron
{atomic no.)

or .
On Period 1 (electrons)  helium (2) 2 (2 elements only)

potassium (19) calciurm (20)
On Period 4 28.8.1 2.8.8.2 ===> Kr [2.8.18.8],

The Periodic Table and Electronic Structure

¢ Below are the electron arrangements for elements 1 to 20 set out in Periodic Table format
(Hydrogen and The Transition metals etc. have been omitted). When you move down to the next
period you start to fill in the next shell according to the maximum electrons in a shell rule (see
previous section)
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Grult:P Group 1 Group Group Group Group O
nd | The Alkali Noble
Name  Metals 3 5 6 Gases
Period 1H hydrogen doesn't really fit in any group 2HE

The electron arrangements of the first twenty elements 2
Period | j

18 | 2.3 2.5 2.6 2.8

Period
o qiNa 13Al 5P  16% 1gAT

2.8.1 2.8.3 2.8.5 2.8.6 2.8.8
Period
E;ID IQK

2.8.8.1

The first element in a period has one outer electron (eg sodium Na 2.8.1), and the last
element has a full outer shell (eg argon Ar 2.8.8)
Apart from hydrogen (H, 1) and helium (He, 2) the last electron number is the group

number.
and the number of shells used is equal to the Period Number.

Atomic structure diagrams

Different styles of atomic structure and diagram notation
eg lithinum: atomic number = 3 protons in the nucleus
mass number = 7 = 3 protons + 4 neutrons in the nucleus
Li element symhol (no sub-atomic particle information)

3Li symbol with atomic numhber (often seen in periodic table)

?Li symbhaol with mass numher (often used to indicate particular isotope)

?Li full sub-atomic particle composition (often seen in periodic table)

3

Two representations © = electron (negative)
f this Lithi t () = proton (positive)

o § Litium atom @ = neutron (neutral)

« = glectron nucleus
P = proton .
n = neutron A more detailed version

{but a hit cumbersome

Abbreviated version ;
for higger atoms!)
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COMMON IONS

Positive lons (Cations)

1+

Ammmernium (NH, )
Cesiwmn {Cz 1)

Copper([} or cuprous (C uty
Hydrogen (H)

Lithivrm (Li1)

Potagsium (K1)

Silver (Az 1)

Sodivrmn (Na 1)

2+

Bariurmn (Ba< )

Cadrriwm (Cd2+)

Caleivrn (Ca2+)

Chrormivrn]D) or chrornons
(Cri+)

CobaltiIl) or cobaltous (Cot +

Copperill) or cupric {Cu2+}l
IroriIT) or ferrous (Fes )
Lead(Il} or plumbeous (Pb2+)
I'-.-'Iagnesium{Mgz"'}

MManganese(Ill) or manganos

(Mrd+)
Mercuryl) or merwous
(Hg 2 )

Mereury(Il) or mercuric
(Hg2*

Stromtirn (Sre )

Nickel(I[} (Ni2 +)

Tin(Il} or starmens (Sn+)

Zine (Zre+)

3+

Alurpirrn (A1)

ChrerniwrIIl) or chrorrie
(Crit)

IroryIID) or ferric (Fed +)

Megative lons (Anions)

1—

Aretate |:|: EHSDE_}

Erarmide (Exr—)

Chlorate (C1057)

Chloride (C17)

Cyanide (CN™)

Dihydrogen phogohate
(HoPOy ™)

Fluaride (F ™)

Hydride (H™)

Hydrogen carbonate or
hicarbanate (HCO5 ™)

Hydrogen sulfite or
bisulfite (HSO; ™)

Hydroxide (OH™)

Iodide (I7)

Mitrate (NO; ™)

Mitrite (NO-7)

Perchlaomte (C10,7)

Permranganate (Mnl, ™)

Thiccyanate (SCIN™)

2_

Carbonate (CO5%7)

Chromate (Cr0y 2 )

Dichromate (Cry0427)

Hydrogen phosphate
(HPOg? ™)

Oxide (0€7)

Peroxide (02 7)

Sulfate (S0, °7)

Sulfide (527)

Sulfite (S0527)

3—
Arsenate (430, 97)
Phosphate (PO,37)
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