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2A Atomic Structure

2A.1 Structure of the atom and isotopes

J.J. Thomson discovered the electron in 1897. Ernest Rutherford discovered
Chadwick discovered the neutron in 1932.

=3

otonin 1917. James

RELATIVE CHARGE POSITION IN THE ATOM

SYMBOL | RELATIVE MASS

proton p 1 +1 nucleus
neutron n 1 0 nucleus
electron e ﬁ]zTo =] energy levels surrounding the nucleus

= h
Carbon atoms
Mass number —» 12 13 . SUBJECT VOCABULARY

Atomic number —» 6 y GC atomic number (Z) the number of protons in the nucleus of an atom
mass number the sum of the number of protons and the number of
Atomic number = number of protons neutrons in the nucleus of an atom
(= number of electrons) isotopes atoms of the same element that have the same atomic
number but different mass number

Mass number = number of protons + number of neutrons

SYMBOL
FOR
ISOTOPE

NUMBER OF | NUMBER OF | NUMBER OF

ISOTOPE PROTONS | NEUTRONS | ELECTRONS

chlorine-35

da | v | 0 | 1w |

|
)

DID YOU KNOW?
Isotopes of the same element have identical chemical properties
because they have identical electronic configurations.

' chlorine-37

y and relative masses of atoms, Isotopes

Ive atomic mass
io of the average mass per atom of the element to 1/12 of the mass of an atom of 12C.
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Lithium, in its naturally occurring compounds, has two isotopes of
relative isotopic masses 6.015 and 7.016. The percentage abundance
of each isotope is 7.59 and 92.41 respectively.

This is how you can calculate the relative atomic mass of lithium.

There are two stages.

Stage 1: (6.015 x 7.59) + (7.016 x 92.41) = 694.00241

694.00241
Stage 2. ———— =6.9400241
= 100
The relative atomic mass of lithium, to three significant figures,
is 6.94.

Using data obtained from a mass spectrometer

A mass spectrometer measures the masses of atoms and molecules. It produces positiveions thatare
deflected by a magnetic field according to their mass-to-charge ratio (m/z). It also calculates the relative
abundance of each positive ion and displays this as a percentage.

vaporised sample

electric fiel

)

magnetic field

ion detector

Determining relative molecular mass (M) of diatomic molecules
There are two peaks corresponding to isotopic masses of 35 and 37. The approximate relative peak
heights for each isotope are 3:1 for chlorine-35: chlorine-37.

This gives an approximate relative atomic mass of this sample of chlorine of

((3x35) +(1x37)) +4=35.5.
You will notice in the diagram that there are three peaks, which correspond to molecular masses of 70,
72 and 74.
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Relative abundance

Determining relative molecular mass of
100+
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Mass spectrum of ethyl benzoate (M, = 150).
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2A.3 Atomic orbitals and electronic configurations

Quantum shells
Electrons can only exist in certain well- defined energy levels called quantum shells. All electrons in a
guantum shell have similar, but not identical, energies.

Electrons in the first four quantum shells
Each quantum shell, apart from the first, is further divided into sub-shells of/slightly different energy
levels.

e There is only one sub-shell in the first quantum shell. This is.labelled the 1s.sub-shell.

e The second quantum shell has two sub-shells, labelled 2s‘and 2p. Electrons inthe 2p sub-shell
have a slightly higher energy level than those in the 2s sub-shell.

e The third quantum shell is divided into three sub-shells, labelled 3s, 3p and 3d. Electrons in.the
3p sub-shell have slightly higher energy than those in 3s, and those in the 3d sub- shell have
slightly higher energy than those in 3p.

e The fourth quantum shell is divided into four sub-shells, labelled 4s, 4p, 4d and 4f. Again, the
electron energies increase in the order 4s < 4p < 4d <4f.
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Electronic configurations

H 1st

il

2 ELECTRONIC
He 0 = - CONFIGURATIONS
Li b 1| 1s?2s OF ELEMENTS 1-30
Be [1l 1l e 182 282
B [ | 1 e 152252 2p!
c [ v 1 1 1s2 252 2p?
N [ v 11 [ 182 252 2p3
o [ e np— 152252 2p*
F [} ALl M1 152252 2p®
Ne (1L AL [l s 152 252 2pS
Na J_[, ﬂ 11111 1_ ..... e 182 282 2p6 3s'
Mg |1) I EETETET 1 152 252 2pS 3s2
Al (11 v [ 1 152 252 2p® 3s? 3p!
si b AT 1k 11 e 152 252 2p5 352 3p2
P [11 14 vl W Ml 152 252 2p8 352 3p°
s [1Y 1] [y 1 A 12 257 2p° 3s2 3p*
cl J_L _1_L MM _1_[ T 152 252 2pf8 352 3p°
Ar 11| b [ 1L [ - 12 252 2pF 352 3p°
K [} Ak [1L[1U11 b [t 1|~  1s22s22p®3s? 3pb4s!
Ca WY U TETTE AL [y V] 1s22522p 357 3ps 4s?
Sc (1 b (111411 L (1] |4 1l 152 252 2pS 352 3p® 452 3d’
Ti [ | [t TV ] [ ] - 152 252 2p 3s? 3p© 4s? 3d2
v [ Akl LA AL ] P - 152 252 2p® 352 3p® 4s2 3d3
Cr [} ML [LALAL b fefche] A a 1| 182 252 2pf® 3s2 3p® 4s? 3d°
Mn 11| Ak L1 bl ] PP L] - 152 252 2pS 352 3pb 4s? 3d5
Fe (11| Ab] AL AL (i) et ot 11| - 152 252 2pf 352 3p® 452 3d°
Co [ ML (LAl Ay [ [T 11 152 252 2p® 352 3pb 4s2 3d7
Ni [ av (441411 I K Y 2 2 L] - 152 252 2p® 3s? 3pb 4s? 3d°
Cu (1] b ML b (] (APARIR[L[L |- 152 282 2pS 352 3pS 45! 3d10
Zn (11 AL [AL[1L1L T R e e T R T T Y e 152 252 2p® 352 3p° 452 3d"°

Spin-spinipairing and electroni¢ eonfigurations
Hand's rule and the Pauli Exclusion Principle

Hund’s rule states: Every orbital in a subshell is singly occupied with one electron before any one orbital
is doubly occupied, and all.electronsiin singly occupied orbitals have the same spin.

Pauli's Exclusion Principle states that no two electrons in the same atom can have identical values for all
four of their quantum numbers.
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2A.4 ionization energies

lonization energy is a measure of the energy required to completely remove an electron from an atom
of an element.

First ionization energy
Alg) > A'(g) +e

Second ionization energy
A*(g) > A™(g) +e°

Third ionization energy
A*(g) > A¥(g) + e

Successive ionization energies

-
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The difference in energy between the electron when it has been removed and the energy it has when it
is in its‘original orbital in the quantum shell is known as the ionisation energy. We can represent this by
the equation:

lonisation energy (IE) = energy of electron when removed - energy of electron when in the orbital

The ionisation energy for a particular electron in a given atom depends solely on the energy it has when
it is in its orbital within the atom.

Focus College



Energy of an electron
The factors that affect the energy of an electron are:

e The orbital in which the electron exists
e The nuclear charge of the atom (i.e. the number of protons in the nucleu
e The repulsion (shielding) experienced by the electron from all the ot

Trends in ionization energy
There are two major trends:

1. Across a period
First ionization energy generally increases as you move
2. Down a group
First ionization energy generally decreases as you move down

right across a period.
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2B The periodic table

2B.1 The periodic table
Groups, period and blocks

s-block p-block
« o» - -
1 2 a 4 5 868 T B
Li | Be B|C|N|O|F |Ne
Na | Mg | < rblook S|als|prls|ala
Kl|Ca|Sc|T |V [CriMn|Fa |Co|N |Cu|ldn|Ga|Ga|Aas |Sa| Br | Kr
Ro |8 | Y |Zr INb|Mo| Te |RFu|Rh |Pd|[Ag|Cd|In |Sn|Sb|Te| | |Xe
2B.2 Periodic properti
1. Atomic radii
Radius Ms each period.
A
0.184
0.16-
0141 H oo
0.12 4
Radius/nm 0.1+ Period 2
0.08- B
0.06 - C NO F
0.04 -
0.02 4
0 -

Atomic number
A figB Trend in covalent radii across the second and third periods.
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2. Melting and boiling temperatures

Elements with giant lattice structures have high melting and boiling temperatures, and those
with simple molecular structures have low melting and boiling temperatures.

3.

PERIOD 2 ‘ U Be B C (DIAMOND) N 0 F
melting temperature / °C 181 1278 2300 3550 -210 -218 -220
boiling temperature / °C 1342 2570 3927 4827 -196 -183 -188
type of bonding metallic metallic covalent covalent covalent covalent covalent
. : simple simple simple
structure giant lattice | giant lattice | giant lattice | giant lattice Mokeeilr dalacilse iokiker
PERIOD 3 Na Mg Al Si P 5 cl
melting temperature / °C 98 649 660 1440 44 13 -101
boiling temperature / °C 883 1107 2467 2355 280 445 -35
type of bonding metallic metallic metallic covalent covalent covalent covalent
. ; . simple simple simple
structure giant lattice | giant lattice | giant lattice | giant lattice et | dakeiey | imalsclss

First ionization energies

2500+
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lonisation energy/«J mol '
8
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Exercise

1. lonisation energies provide information about the number of electrons and the arrangement of
the electrons in an atom of an element. A student's definition of first ionisation energy is shown.

First ionisation energy is the energy released when one mole of gaseous atoms
loses one mole of electrons to form one mole of gaseous 1+ ions.

There is one incorrect word in the student's definition. Identify the word, giving the reason why
this word is incorrect.

2. This question is about the electronic structure of some Group 5 elements.
The electronic configuration of a phosphorus atom can be written
15?2 252 2p® 352 3p3
An alternative way to express the electronic configuration is

P (R [T [ I

15 2 2p* 3s
i. State what is meant by the two arrows in the first box.
ii. State why the arrows are all pointing in the same direction.in‘the 3p boxes.

3. Chlorine and iodine are in the same group in the Periodic Table.

i Complete the electronic configuration of chlorine using the s, p, d notation.
152

ii. Explain why'iedine and chlorine have many similar chemical reactions.

4. Magnesium bromide, MgBr2, is.an ionic compound.

i The first ionisation energy of sodium is 496 kJ mol™. Explain why the first ionisation
energy of magnesium is higher than that of sodium.

ii. Write the equation, including state symbols, to show the third ionisation energy of
magnesium.

5. This question is about ionisation energies.

i Complete the graph to show how the first ionisation energies of the Period 3 elements
change across the period. Precise figures are not required.

First ionisation energies of the Period 3 elements

1600 —
1400

1200 —
First
ionisation 1000~
energy

Imor? 800
£00 - x
400 —

200

Na M:g .ﬂ‘\l S:i l-l-‘ 5 CII Alr

Element
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ii. The successive ionisation energies of sodium are shown on the graph.

Luccessive ionisation energies of sodium

45 =
Log -

Ionisation A0 y x
energy :

ERY

25t »
0 1 2 3 4 5 & 7 a 9 1 n
Mumber of electrons remaoved

State what deductions can be made from this graph.

6. This question is about hydrogen, the element with atomic number Z=1.
i Write an equation to represent the first ionisation energy of hydrogen. Include state
symbols.
ii. The sequence of the'first three elements in the Periodic Table'is hydrogen, helium and
then lithium. Explain why the first ionisation energy of hydrogen is less than that of
helium, but greater than that of lithium.

7. Electrons in atoms occupy orbitals.
i The graph shows the first ionisation energies for a series of six consecutive elements A—

F. The letters are not their chemical symbols. Complete the graph of the first ionisation
energies for the next five elements.

2500 4
2000 ;A
1500 <
1000 4
500 -

n 1 1 1 1
A B C o E F G H | J K

ii. Explain why the value of the first ionisation energy for D is greater than for C
iii. Explain why the value of the first ionisation energy of E is less than for D.
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8. lonisation energies provide information about the number of electrons and the arrangement of
the electrons in an atom of an element. Write an equation for the second ionisation energy of
oxygen. Include state symbols.

9. lonisation energies provide information about the number of electrons and the arrangement of
the electrons in an atom of an element. The successive ionisation energies for magnesium are
given in the table.

Electron

number 1 2 3 4 5 6 7 8 9 10 11 12
removed

lonisation
energy 738 (1451|7733 1054113629 1799521704 25657 31644 35463 169996 189371
/kKmol

Log
{ionisation 2.87 3.16 389 402 413 434 441 450 455 523
energy)

i Complete the table

ii. Give a reason why the logarithm of the ionisation energy; rather than just the ionisation
energy, is used to plot a graph.

iii. Give a reason why the successive ionisation energies increase.

iv. Plot the graph of log(ionisation energy) against electron number removed. Join the
individual points using straight lines.
V. Identify on the graph, using a circle, the points that represent the removal of the

electrons inthe outermost energy level of magnesium.

10. This/question is about ions and ionic compounds. The first three ionisation energies of calcium
are shown in the table.

First ionisation Second ionisation Third ionisation
SRR O 500 1145 4912
/ kdmol
Crbital

i Complete the table by identifying the specific orbital from which each electron is
removed.

ii. Write the equation for the third ionisation energy of calcium. Include state symbols.

iii. Explain why the difference between the second and third ionisation energies of calcium
is much larger than the difference between the first and second ionisation energies.
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11. Bromine exists as two stable isotopes. The two isotopes are represented by the symbols ;EBr
and %Br. Give one similarity and one difference between these two isotopes by referring to the
number of particles in the nuclei of the two isotopes.

12. This is a question about atoms, isotopes and ions. The percentage composition of the two
bromine isotopes in a sample is given in the table.

Isotope Relative isotopic mass = Percentage abundance
bromine-79 78.918 50.52
bromine-81 80.916 49.48

Calculate the relative atomic mass of bromine in this sample. Give your answer to two decimal
places.

13.
a. State what is meant by the term relative atomic mass
b. A 5.000 g sample of lithium, containing the two isotopes lithium-6 and lithium-7, was
found to contain 0.460 g of the isotope lithium=6. Calculate the relative atomic mass of
lithium for this sample. Give your answer to an appropriate number of significant figures

Isotope Relative isotopic mass
Lithium-6 6.015
Lithium-7 7.016

14. A phosphorus atom has mass number 31. Phosphorus has one naturally occurring isotope with
mass number 31. Chlorine exists as two isotopes with mass numbers 35 and 37. Give the
formulae and mass/charge ratio of the ions responsible for the molecular ion peaks in the mass
spectrum of phosphorus (lIl) chloride, PCls.

15. This question is about isotopes. The relative isotopic
abundances of an element can be measured using a

mass spectrometer. A simplified and incompletely - ‘iHH AAAAAAAAA ____________ . ;(

labelled diagram of a mass spectrometer is shown. ] ; v“ |

a. Name the feature of the mass spectrometer — :/\
responsible for the behavior of the ions in the v {??."f', e
region indicated by the arrow X. =y | i

b. Explain the three ion pathways, A, B and C, shown )
in the region indicated by the arrow X. g

C. Give areason why the mass spectrometer must be
operated under vacuum.
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16. Give the meaning of the term 'periodicity'. lllustrate your answer by referring to the atomic radii
of the Period 2 and Period 3 elements. Specific values of atomic radii are not required.

17. This question is about trends within Group 2 of the Periodic Table. Describe, with the aid of a
labelled diagram, how you would compare the thermal stability of two different Group 2
nitrates using simple laboratory equipment. Your answer must include one safety precaution
(excluding the use of gloves, laboratory coat and eye protection).

18. A student stated that 'the elements scandium and zinc are d-block elements but are not
transition metals'. Discuss this statement, using appropriate electronic configurations to support
your answer.

19. This question is about the chemistry of elements in the d-block of the Periodic Table. * Many of
the d-block elements are also classified as transition metals. Explain why two of the d-block
elements within Period 4 (scandium-to zinc) are not classified as transition metals. You should
include full electronic configurations where relevant.

20. This question is about hydrogen, the element with atomic number Z = 1.
a. Write an equation to represent the first ionisation energy of hydrogen. Include state
symbols.
b. The sequence of the first three elements in the Periodic Table is hydrogen, helium and
then lithium. Explain why the first ionisation energy of hydrogen is less than that of
helium, but greater than that of lithium
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