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 Atom is the smallest part of an element 

that can take part in chemical change 

 Every atom contains proton in its nucleus 

and electrons outside the nucleus 

 

 

 Atoms are mostly made up of empty space 

around a very small, dense nucleus that 

contains protons and neutrons 

 The outside of nucleus, there is a particle 

called electrons  

 The protons, neutrons and electrons that an 

atom is made up of are called subatomic 

particles 

 Proton (+) is positively charged particle in 

the nucleus of the atom 

 Neutron is uncharged particle in the 

nucleus of an atom  

 Electron (-) is negatively charged particle 

found in orbital outside the nucleus of an 

atom 

 

 

 

 

Subatomic Particle Symbol Relative Charge Relative mass 

Proton p +1 1 

Neutron n 0 1 

Electron e -1 1/1840 

 

 

 By using cathode-ray, we can deduce the 

electric charge of subatomic particles by 

showing how beams of electron, proton, 

and neutron behave in electric fields 

 When firing electron beam, it is deflected 

away from negatively charged plate 

towards a positively charged plate. 

Electron is easily attracted to the 

positively charged plates, meaning that 

electrons have a negative charge and 

very small mass.  

 When firing proton beam, it is deflected 

away from positively charged plate 

towards a negatively charged, meaning 

that protons have a positive charge 

 When firing neutron beam, it is not 

deflected, meaning that neutrons are 

uncharged 

 

 

 

 

 

 

 

 

 Atom can be symbolized by  

 

 

 

 

 

 

 Mass number is also called nucleon number 
 

Mass Number = Protons + Neutrons 

Neutrons         = Mass Number – Atomic Number 

 

 

 Isotopes is atoms of the same element with 

different mass number 

 Isotopes of a particular element have the same 

chemical properties because they have the 

same amounts of electrons. They have small 

difference physical properties because they 

have different number of neutrons 

 When writing generally about isotopes, we can 

write it by placing the mass number after the 

name for example the isotopes of hydrogen can 

be called hydrogen-1 (hydrogen that has mass 

number of 1), hydrogen-2 (hydrogen that has 

mass number of 2), and hydrogen-3 (hydrogen 

that has mass number of 3) 

 

 

 

 Electrons are arranged in energy levels called 

shells 

 Each shell is described by a principal quantum 

 Each principal quantum shell contains a 

different number of sub-shells 

 Sub-shells are distinguished by the letter s, p, 

and d (s = 2 electrons, p = 6 electrons, d = 10  

electrons) 
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 Principal Quantum Level (n) 

 

Principal Quantum 
Level (n) 

Max Electrons 

 n = 1 
2 electrons in an 
s sub-shell 

n = 2 

2 electrons in the 
s sub-shell, and 6 
electrons in the p 
sub-shell  
(8 Electrons) 

n = 3 

2 electrons in the 
s sub-shell, 6 
electrons in p 
sub-shell, and 10 
electrons in the d 
sub-shell  
(18 Electrons) 

 

We can conclude that the formula of the n 

principal quantum level is 2n2 

 

 As the principal quantum level increases, the 

energy of shell increases too 

 

 

 

 

 

 

 

 Electrons move around in regions of space 

called orbital 

 Orbital is region in space where there is a 

maximum probability of finding an electron. 

Each orbital can hold 2 electrons in opposite 

directions 

 As each orbital can only hold a maximum of 2 

electrons, the number of orbitals in each sub-

shell must be: 

s = 1 orbital 

p = 3 orbitals 

d = 5 orbitals 

 When electrons are placed in a set of orbitals 

of equal energy, they occupy them singly and 

then pairing takes place 

 Electrons placed in opposite direction. If 

placed in same direction, they repelled. In 

opposite direction they create a spin to reduce 

repulsion  

 Completely filled or half-filled are more stable 

(reduced repulsion) 

 

 

 

 Here is a detailed writing the electronic 

configuration of an atom of hydrogen 

 

 

 

 

 

 

 Another example, Helium has 2 electrons. Both 

electrons can go into the 1s orbital since s sub-

shell can hold 2 electrons. So, the electronic 

configuration is 1s2. 

 

Lithium has three electrons. The 1s orbital can 

only hold maximum of 2 electrons so the third 

electron must go into the next highest sub-shell. 

So, the electronic configuration is 1s2 2s1 

 Electrons are added one by one for successive 

elements, filling each sub-shell in order of 

increasing energy 

 

 

 

 

 

 

 

 

 

 

 

 

 The electronic configuration can be shortened by 

using the noble gas 

 For the example sodium (Na) we can write it as 

[Ne] 3s1 because the first part configuration is 

same as Ne electronic configuration which is 1s2 

2s2 2p6 

 Energy difference between 4s & 3d very small. An 

electron can be promoted to half-fill or full-fill 3d 

orbital, to make atom more stable 

 When filling, fill 4s before 3d and when removing, 

also remove first from 4s. 

 

 

 

 

 

 

 

Memorizing Tips 1s – 5p: 
Sisapisapisedapsedap  

(1s, 2s, 2p, 3s, 3p, 4s, 3d, 

4p, 5s, 4d, 5p) 
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 Group 1 and 2 have outer electrons in an s 

sub-shell. These are therefore together called 

the s-block 

 Group 13 to 18 have outer electrons in a p 

sub-shell. These are therefore together called 

the p-block 

 Elements that add electrons to the d sub-

shells are called the d-block. Most of these 

are transition elements 

 

 

 

 

 

 

 

 

 

 

 

 The electron configuration can also be 

represented using the orbital 

 Each box represents an atomic orbital 

 The boxes can be arranged in order of 

increasing energy from bottom to top 

 An electron is represented by an arrow 

 The direction of the arrow represents the spin 

of electron (imagine an electron rotating 

around its own axis either in a clockwise or 

anticlockwise direction) 

 When there are 2 electrons in orbital, the 

spins of the electrons are opposite, so the two 

arrows have opposite direction 

 

 

 

 

 

 

 

 

 

 A free radical is a species with one or more 

unpaired electron 

 The unpaired electron in the free radical is 

shown as a dot 

 For the example an isolated chlorine has electronic 

configuration 1s2 2s2 2p6 3s2 3p5. In 3p orbitals, two of the 

orbitals have paired electrons and the remaining orbital 

has an unpaired electron which can be called free radical. 

The free radical is shown as a dot (Cl 

 

 

 

 

 The first ionisation energy is the energy needed 

to remove 1 mole of electrons from 1 mole of 

atoms of an element in the gaseous state to 

form 1 mole of gaseous ion 

 The second ionisation energy is the energy 

required to remove the second mole of 

electrons from each +1 ion in a mole of gaseous 

+1 ions, to form one mole of +2 ions and so on 

 The electrons from an atom can be continued to 

be removed until only the nucleus is left. This 

sequence of ionisation energies is called 

successive ionisation energies 

 

 

 

 

 

 

 

 

Size of The 
Nuclear Charge 

The bigger the positive charge, the 
greater the attractive force between the 
nucleus and the electrons and more 
energy needed to overcome these 
attractive forces if an electron is removed 

Distance of Outer 
Electrons from 

The Nucleus 

The further the outer electron shell is 
from the nucleus, the lower the 
ionisation energy because the nucleus 
are less attracted to the nucleus and the 
nuclear attraction is weaker 

Shielding Effect of 
Inner Electrons 

The shielding effect is when the electrons 
in full inner shells repel electrons in outer 
shells, preventing them from feeling the 
full nuclear charge, so the more shells an 
atom has, the greater the shielding 
effect, and the lower the ionisation 
energy 

Spin-pair 
Repulsion 

Electrons in the same atomic orbital in a 
subshell repel each other more than 
electrons in different atomic orbitals 
which makes it easier to remove an 
electron 

 

 

Down a Group Across a Period 

New shells added Shell no. remains same 

Attraction of nucleus to 
valence e-s decreases 

Proton no. increases 

Shielding effect 
increases 

Effective nuclear charge 
increases 

 Atomic radius decreases 
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 Successive ionisation data can be used to 

predict or confirm the simple electronic 

configuration of elements, confirm the 

number of electrons in the outer shell of an 

element, dan deduce the Group an element 

belongs to in the Periodic Table 

 By analysing where the large jumps appear 

and the number of electrons removed when 

these large jumps occur, the electron 

configuration of an atom can be determined 

 For the example, sodium (Na) 

 

 

 

There is a huge jump from the first to the 

second ionisation energy, indicating that it is 

much easier to remove the first electron than 

the second. Therefore, the first electron to be 

removed must be the last electron in the 

valence shell thus Na belongs to group I.  

The large jump corresponds to moving from 

the 3s to the full 2p subshell. 

Na       1s2 2s2 2p6 3s1 

 

 

1. The successive ionisation energies, in kJ mol-1 

of an element X are given below 

   870  1800  3000  3600  5800  7000  13200 

Which group in the Periodic Table does X 

belong to? 

Answer: 

a. Look out for a large gap/jump in the value 

of the ionisation energy. This occurs 

between the removal 6th and 7th electrons 

b. Take the lower number. This number is the 

number of electrons in the outer shell of X. 

In this case is 6 

c. Relate number of outer shell electrons to 

the group number. So, element X must be 

in Group 16 of the Periodic Table 

 

 

 

 

 

 

2. Magnesium chloride contains magnesium ions, 

Mg2+, and chloride ions, Cl-.  

a. Explain why a magnesium ion is 

positively charged 

Answer: Because it has more protons  

                than electrons 

b. Explain why a chloride ion has a single 

negative 

Answer: Because it has 1 more electron  

                than protons 

 

3. The table shows the first ionisation energies, 

IE1, in Kj mol-1, of the elements in Period 3 of 

the Periodic Table 

 

 

 

Explain why there is general increase in the 

value of IE1 across the period 

Answer:  

While the electron level/shell remains the 

same, the number of protons increase, thus 

creating a greater attraction between the 

electrons and the nucleus. This makes it harder 

to remove electrons off the outer shell of 

atoms, thus increasing ionisation energy. 

 

4. Deduce the number of electrons in the ion 𝐶𝑟2+24
52  

Answer: 

a. Work out the number of protons. This is the 

subscripted number 24 

b. Number protons = number of electrons in neutral 

atom. So, number of electrons in the atom is 24 

c. For a positive ion subtract the number of charges. 

For a negative ion add the number of charges so 

for Cr2+, 24 – 2 = 22 electrons 
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