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ATOMIC STRUCTURE – SUMMARY & EXERCISES

Relative Charge, Mass and Behaviour in Electric Field for Sub-atomic Particles

Symbol Relative charges Relative masses Deflection in Electric Field
Proton     p +1 1 Towards  -ve  pole,  smaller  

deflection
Neutron     n 0 1 No deflection
Electron     e -1 1/1840  Towards +ve pole, greater 

deflection
• angle of deflection is proportionate to charge/mass ratio

Exercise 1
Beams of particles travelling at the same speed from different sources are subjected to an electric field as 
shown in the diagram below. A beam of neutrons has already been drawn.

Sketch on the diagram above how beams of each of the following particles are affected by the electric field 
and explain the position and shape of each beam:
(i) protons, (ii) electrons, (iii) +H2

1

Atomic Symbol

Isotopes
• Isotopes refer to  atoms of the same element with the  same number of protons but  different 

number of neutrons
• isotopes exhibit the same chemical behaviour

1

source

Symbolmass number

atomic number

Mass no = Nucleon no
= no of protons & neutrons

Atomic no =  proton no

n
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Principal Quantum Shell
• The electrons in atoms are arranged in a series of shells, called principal quantum shell, whose 

distance from the nucleus gradually increases.
• Each  shell  is  given  a  principal  quantum  number,  n.  (numbered  1,2,3,…  outwards  from  the 

nucleus). 
• As  n increases, the farther the principal quantum shell  is to the nucleus, the weaker the 

attraction between the electrons and nucleus, hence the higher the energy of the electrons.

Sub-shells
• These are shells organised  within each principal quantum shell.  Each principal quantum shell 

contains n number of subshells. These subshells are denoted by the letters, s, p, d, f, and g and so 
on.

n No. of sub-shell Name of sub-shells
1 1 1s
2 2 2s and 2p
3 3 3s, 3p and 3d
4 4 4s, 4p, 4d, and 4f

• Sub-shells within the same quantum shell have slightly different energy levels.
s (lowest)  p  d  f and so on

Atomic Orbitals
• An orbital is defined as a region of three-dimensional space around the nucleus, whereby there is 

a 95% chance of locating a particular electron. Each orbital has a characteristic energy level and 
shape.

• Each sub-shell is made up of a certain number of orbitals

Type of sub-shell No. of orbital present Name of orbitals
s 1 s
p 3 px, py, pz

d 5 222 ,,,, yxzyzxzxy ddddd −

• Orbitals  in  the  same  sub-shell  are  equivalent  in  energy  (degenerate)  but  they  differ  in  their 
orientation in space.

• Each orbital can hold a maximum of 2 electrons.

Shapes of Orbitals

2

2s

s orbitals
• spherical in shape
• non-directional
• as n increases, size increases

3s

1s
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Exercise 2 

n Sub-shell No. of orbitals in this sub-
shell

Max. no. of electrons in this 
sub-shell

Max. no. of electrons in this 
quantum shell = 2n2

1

2

3

4

3

p orbitals
• set  of  3  orbitals  that  are 

degenerate
• dumb-bell shaped
• directional along x, y or z axis
• perpendicular to each other
• as n increases, size increases 

d orbitals
• set  of  5  orbitals  that  are 

degenerate
• not required to know the shapes 

of d orbitals

2px

2pz

2py

dyz

dz
2

dxy

dxz dx
2-y

2
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Electronic Structure or Configuration

• refers to the arrangement of electrons in the orbitals of an atom or ion
• can be shown by stating the number of electrons in each of all the occupied subshells and orbitals
• 3 rules to work out the electronic configurations at the ground state

Rule 1:     The Aufbau Principle (Building – Up Principle)  

• Electrons are first placed in the orbital of the lowest energy, then the orbital of the next lowest energy 
and so on. The diagram below shows the order in which orbitals are filled

• When electrons occupy the lowest energy levels, the atom is said to be in its ground state.

Rule 2:     The Pauli Exclusion Principle  
• Each orbital can only hold a maximum of 2 electrons

• If there are two electrons occupying the same orbital, they must have opposite spins. (↿ and ⇂ )

Rule 3: Hund’s Rule
• Electrons are added to orbitals in a subshell singly and with parallel spins before the orbitals are 

occupied in pairs. This is to minimise repulsion between the electrons.

Additional Notes on electronic configurations

• For transition metals, fill the 4s orbitals before 3d orbitals as empty 4s orbitals are lower in energy. 
However, the energy levels will be reversed when filled, hence the electronic configuration is written 
in order 3d then 4s. (ie fill 4s then 3d, but write 3d then 4s)

• Two transition metals, chromium and copper, do not obey the 3 rules

Cr 1s2 2s2 2p6 3s2 3p6 3d5 4s1 instead of 1s2 2s2 2p6 3s2 3p6 3d4 4s2 

This is due to the extra stability of the half-filled 3d and 4s orbitals.

Cu 1s2 2s2 2p6 3s2 3p6 3d10 4s1 instead of 1s2 2s2 2p6 3s2 3p6 3d9 4s2 

This is due to the extra stability of the completely filled 3d orbitals
• For anions, determine the number of electrons then write the electronic configuration as per normal
• For cations, write the electronic configuration for the neutral atom then remove electrons from right 

to left

4

 Hence, in increasing energy and order of filling electron:

1s 2s 2p 3s 3p 4s 3d 4p 5s ...

http://www.chemistryguru.com.sg/


Chemistry Guru :: Making Chemistry Simpler ::   www.chemistryguru.com.sg  

Exercise 3

Element Atomic 
No. Electronic Configuration Schematic or electron-in-box diagram

He 2

Be 4

C 6

O 8

Na 11

Ti 22

Cr 24

Fe 26

Cu 29

F- 9

S2- 16

Mg2+ 12

V3+ 23

Ionisation Energy Definitions
• First ionisation energy (1st IE) is the energy required to remove one mole of electrons from one 

mole of gaseous M atoms to form one mole of gaseous M+ cations. It has a unit of kJ mol 1
.

M (g)  M+ (g) + e 

• Second ionisation energy (2nd IE) is the energy required to remove one mole of electrons from one 
mole of gaseous M+ cations to form one mole of gaseous M2+ cations. It has a unit of kJ mol 1

.

M+
 (g)  M2+

 (g) + e 

Factors affecting Ionisation Energy

1. Distance of the outermost electron from the nucleus  
• distance between outermost electron and the nucleus increases, attraction between nucleus and 

electron decreases, hence IE decreases.
2. Nuclear charge  

• proton no increase,  nuclear  charge  increase,  attraction  between nucleus  and electron  increase, 
hence IE increase

3. Shielding/screening effect  
• Electrons in the inner shells between outermost electron and nucleus shield valence electron from 

the attraction from the nucleus, reduce attraction between them and hence IE decrease
• The greater the number of inner shells, the greater will be the shielding/screening effect.
• Electrons within the same shell exert a negligible shielding effect on one another.

5
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Taking into consideration all the above factors, we talk about the effective nuclear charge Zeff which is a 
measure of the actual attraction on the valence electrons by the nucleus.

Ionisation Energy Trends

1. Successive IE of an atom
From trend in successive IE, we can determine the group the element is in. Eg for sodium

A. Successive IE always increase
• removing  more  electrons,  closer  to  nucleus  and  more  stable,  need  more  energy  to  overcome 

attraction between electron and nucleus, hence higher IE

B. Large jump between 1st and 2nd electron   change in principal quantum shell
• 2nd electron is from inner principal quantum shell, much more stable hence require much more 

energy to remove
• from the first large jump, we can determine the group of the element. In this case, no of valence 

electron is 1 hence element is in group I

C. Small jump in IE between 7th and 8th electron  change in subshell
• smaller energy difference between 2p and 2s subshell hence small jump

D. Large jump between 9th and 10th electron  change in principal quantum shell
• if all electrons are removed, then the total no of large jumps will determine the no of quantum shells

2. 1  st   IE across the Period  

6
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Log IE
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C
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General increase in IE across Period 2
• proton no increase hence nuclear charge (NC) increase
• shielding effect (SE) relatively constant as electrons are added to same shell hence negligible 

shielding on one another
• Effective nuclear charge (ENC) increase, stronger attraction between nucleus and valence electrons, 

need more energy to remove electron, hence IE increase
• Similar reasoning for Period 3

Anomaly 1 (B lower 1st IE than Be)

Be 1s2 2s2 B 1s2 2s2 2p1

• For Be, remove electron from 2s subshell. For B, remove electron from 2p subshell which is 
farther away or at higher energy level that 2s subshell

• hence less energy required to remove electron and B lower 1st IE than Be
• Similar reasoning for Mg and Al (Group II and III)

Anomaly 2 (O lower 1st IE than N)

N 1s2 2s2 2p3

↿⇂ ↿⇂ ↿ ↿ ↿
1s 2s 2px 2py 2pz

  O 1s2 2s2 2p4

↿⇂ ↿⇂ ↿⇂ ↿ ↿
1s 2s 2px 2py 2pz

• For O, remove electron from 2px orbital which experience inter-electronic repulsion from paired 
electrons while N does not experience such repulsion

• hence less energy required to remove electron and O lower 1st IE than N
• similar reasoning for P and S (Group V and VI)

3. 1  st   IE down the Group  

Decrease in IE down the Group
• Nuclear charge (NC) increase as proton no increase
• Shielding effect (SE) increase as no of filled inner quantum shells and atomic radius increase
• SE outweighs NC effect, hence effective nuclear charge (ENC) decrease
• weaker attraction between nucleus and valence electrons, less energy required to remove electron 

hence IE decrease
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Exercise 4
The figure shows the successive ionisation energies of oxygen up to the 8th electron.
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No. of electrons removed
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(a) Write an equation to represent the first ionisation of oxygen.
(b) Write the electronic configuration of the oxygen atom and the ion formed after the first ionisation.
(c) Explain each of the following observations from the graph.
(i) There is a general increase in ionisation energy starting from the 1st electron removed.
(ii) There is a drastic increase in ionisation energy when the 7 th electron is being removed, as compared 

to the 6th electron.
(iii) There  is  only  a  small  increase  in  ionisation  energy  when  the  5th electron  is  being  removed,  as 

compared to the 4th electron.

Exercise 5

The following graph shows the ionisation energy for the successive removal of the first 9 electrons in an 
atom. Deduce which Group in the Periodic Table the element belongs to and hence deduce its identity if the 
element is in Period 2.
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