
Summary

●● The atomic size decreases across a period due to 
the increase in nuclear charge. 

●● The atomic size increases down a group due to the 
increase in number of electron shells which shield 
outer electrons from the nuclear charge. 

Atomic size and medicinal chemistryFor Interest

Concepts like covalent radius can often appear to be 
highly theoretical with little relevance to our everyday 
lives. But to chemists, knowledge of the covalent 
radius can be used to help them solve many problems 
in their quest to make new products. For example, 
medicinal chemists design new medicines by 
investigating chemical structures such as enzymes. 
Quite often they will design a new medicine which 
can fit into the active site of an enzyme in the human 
body, which results in the enzyme working better or 
stops the enzyme working altogether. In order to 
build medicines which can fit into enzymes, 
medicinal chemists use their knowledge of atomic 
size to help them build molecules with different sizes 
and shapes. Sometimes a molecule can be made more 
effective simply by changing one atom for another. 
For example, changing from chlorine to fluorine – 
which is smaller – might help the molecule fit into an 
enzyme more readily, making it a more effective 
medicine.

Figure 3.4 Atomic size is often considered when 
designing new medicines whose molecules have a 
specific size and shape.

Questions

1 Explain why

a) the potassium atom is larger than the sodium 
atom

b) the chlorine atom is smaller than the sodium 
atom.

Element Li Na K Rb Cs

Atomic number 3 11 19 37 55

Nuclear charge 31 111 191 371 551

Electron arrangement 2,1 2,8,1 2,8,8,1 2,8,18,8,1 2,8,18,18,8,1

Covalent radius/pm 134 154 196 216 235

Table 3.2 Trends in covalent radii down a group

First ionisation energy 
(or enthalpy)
The alkali metals are very reactive as they can easily 
lose their outer electron. A measure of how easy it is 
to remove an electron is the ionisation energy. This is 
defined as the energy required to remove one mole of 
electrons from one mole of gaseous atoms.

There are three important parts to this definition 
which allow fair comparisons to be made between the 
elements of the Periodic Table:

1 Atoms are being ionised by loss of electrons to form 
positive ions.

2 The atoms must be in the gaseous state.

3 One mole of atoms is compared.
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The ionisation energy is an enthalpy change and 
is represented by a ∆H value. Enthalpy will be 
investigated further in Chapter 16.

For sodium, 502 kJ of energy is required to remove the 
first electron from one mole of sodium atoms in the 
gaseous state:

Na(g) → Na1(g) 1	e–    ∆H 5	502 kJ mol–1

This is known as the first ionisation energy of sodium 
since it is a measure of the energy required to remove 
the first, or outermost, electron from sodium. The 
enthalpy change has a positive value which informs us 
that we must use energy to remove an electron from 
sodium.

The second ionisation energy is the enthalpy change 
associated with:

Na1(g) → Na21(g) 1	e–     ∆H 5	4560 kJ mol–1

In other words, this is the energy required to remove a 
second electron from sodium after the first electron has 
been removed.

Adding together the first and second ionisation 
energies of sodium gives us the quantity of energy 
needed to remove two moles of electrons from one 
mole of sodium atoms in the gaseous state. The 
equation which represents this change is:

Na(g) → Na21(g) 1	2e–

The enthalpy change for this reaction is:

502 1	4560 5	5062 kJ mol–1

The values for some first ionisation energies are shown 
in Table 3.3 (units are kJ mol–1).

These values are plotted, together with second 
ionisation energies, for the first 20 elements in 
Figure 3.5.

From this information, two general trends emerge:

1 Going down a group, the first ionisation energy 
decreases.

2 Going across a period, first the ionisation energy 
increases.

As with covalent radius, there are two factors that 
must be considered to help us explain the trends in 
ionisation energy:

●● the nuclear charge of the atom

●● the number of filled electron shells.

Going down a group, an electron is being removed 
from the layer of electrons which is furthest from the 
nucleus. This layer is increasingly distant from the 
nuclear attraction and hence, although the nuclear 
charge is also increasing, less energy is required to 
remove an electron.

An additional factor is the screening effect of electrons 
in inner shells. These inner electrons reduce the 
attraction of the nucleus for outermost electrons, hence 
reducing the ionisation energy.

Going across a period, the pattern is less 
straightforward, but there is an overall increase. The 
electron being removed is in the same layer for any 
element in the same period, such as Li–Ne or Na–Ar. 
As already pointed out, the nuclear charge is increasing 
across each period. The outermost electrons are 
therefore more strongly held and so the energy required 
to remove them, the ionisation energy, increases along 
each period.

Finally it is worth noting that within each period, the 
noble gas has the highest value for first ionisation 
energy. This goes some way to explaining the great 
stability of filled electron shells and the resistance of the 
noble gases to forming compounds. It should be noted, 
however, that electrons can be removed from noble gas 
atoms. If some other change can compensate for the 
energy required then ionic compounds of the noble 
gases can be made.

Trends in the second ionisation energies can be 
explained by considering the nuclear charge and where 
the electron is being removed from. For example, 
lithium has a very low first ionisation energy but an 
extraordinarily high second ionisation energy. The 
reason for this becomes obvious when we consider the 
electron arrangement of lithium: 2,1. Removal of the 
second electron involves taking an electron from the 
completely filled, very stable first shell which is much 
closer to the nucleus and therefore the electrons are 
very strongly held.
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Figure 3.5 First and second ionisation energies for the first 20 elements
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The importance of ionisation energiesFor Interest

Scientists describe radiation as ionising or non- 
ionising. Ionising radiation can be harmful to human 
health if we are exposed to high doses of the 
radiation whereas non-ionising radiation is generally 
considered to be safe. For example, radio waves that 
allow a car radio to play music transmitted from a 
radio station and microwaves that allow mobile 
phones to work are referred to as non-ionising forms 
of radiation. In other words, radio waves and 
microwaves do not have enough energy to ionise an 
atom or molecule which would suggest that they are 
unlikely to be harmful to health. Health effects have 
been linked to non-ionising radiation, but it is likely 
that these effects are a result of the heating that 
occurs during exposure to the radiation for a certain 
length of time.

Examples of ionising radiation include X-rays, 
gamma rays and UV light. These are forms of 
radiation which have much higher energy – enough 
energy to ionise an atom or molecule, which can lead 
to ill effects if exposure is high. For example, it is 
well known that significant exposure to X-rays can 
be harmful to a person’s health. On the other hand, 
scientists can make use of the ionising ability of 
these radiations to treat and prevent disease. For 
example, UV light can be used to sterilise water, 
while gamma rays can be used to treat certain 
cancers. Scientists use their knowledge of ionisation 
energy to help them assess how harmful radiation 
can be and how it can be used.

Figure 3.6 Mobile phones use non-ionising radiation. Figure 3.7 X-rays can be harmful as they have enough 
energy to ionise atoms.

Question

2 Use your data booklet to calculate the energy 
required for the following changes:

a) Ca(g) → Ca21(g) 1	2e–

b) Al(g) → Al31(g) 1	3e–

3 The first compounds of the noble gases were 
formed from xenon (Xe). Suggest why this was the 
case.

Electronegativity
The celebrated chemist Linus Pauling, who is the 
only person in history to have won a Nobel Prize 
for chemistry and a Nobel Prize for peace, wrote a 
very famous chemistry text called The Nature of the 
Chemical Bond. In this text, Pauling presented many 
theories which we now use to help us understand 
how atoms can form chemical bonds. In particular, 
Pauling quantified the concept that some atoms attract 
electrons in a bond more strongly than other atoms. 
This concept is known as electronegativity.
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