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The periodic table showing the distribution of 
metals, metalloids and non-metals

Figure 10.1: The periodic table showing the distribution of metals, metalloids and non-metals. 
Nothing much is known about the later elements – they are all produced artificially and only
a few atoms have been produced that exist for fractions of a second, but their properties can be 
predicted from the properties of other elements around them.
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Different blocks in the periodic table

Figure 10.2: Division of the periodic table into blocks.
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The atomic radius

Figure 10.5: Atomic radius increases down a group.

Figure 10.4: Atomic radius decreases across a 
period. Inner shells, which shield the outer 
electrons, are highlighted in blue.

Figure 10.3: Definition of the atomic radius.
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Ionic radii for metals and halogens

Figure 10.6: Atomic and ionic radii for
the alkali metals.

Figure 10.7: A comparison of size between 
halogen atoms and their ions.
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Electron affinity

Figure 10.8: Electron affinity values of Group 
17 elements.

Figure 10.9: Electron affinity values across Period 3.



Chemistry for the IB Diploma – Yu & Fletcher © Cambridge University Press & Assessment 2023

Electronegativity

Electronegativity: a measure of the attraction of an atom in a molecule for the 
electron pair in the covalent bond of which it is a part. A more electronegative 
atom attracts electrons more strongly.

Figure 10.10: Electronegativity values of some elements.
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Electronegativity trend

Figure 10.11: Electronegativity decreases down a group.

Figure 10.12: Electronegativity increases across a period.
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Reactions of the elements in Group 1

The reactions become more vigorous as the group is descended 
because the ionisation energy decreases as the size of the 
atom increases. 

Figure 10.13: Electron configurations of sodium and potassium atoms.
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Group 17 displacement reactions

Record the observations of the reactions between halogens and 
halide compounds.
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Oxides of Period 3 elements

Complete the table below.

Sodium Magnesium Aluminium Silicon Phosphorus Sulphur Chlorine

Name of Oxide
Sodium 

Oxide

Magnesium 

oxide

Aluminium 

oxide

Silicon(IV) 
oxide

Phosphorus(III) 

oxide

Sulphur(IV) 

oxide

Chlorine(I) 

oxide

Phosphorus(V) 
oxide

Sulphur(VI) 

oxide

Chlorine(VII) 

oxide

Formula of 

oxide

Physical State 

at 25 C
Solid

Liquid Gas Gas

Solid Liquid Liquid

Bonding in 

oxide

Ionic

Covalent

Structure Giant Simple molecular

Species present 

in liquid state

Electrical 

conductivity 

when molten
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Acid deposition

Problems associated with acid deposition.

a b c

Figure 10.14: Acid rain can a kill trees and b fish in lakes, and c react with limestone buildings 
to cause corrosion.
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Oxidation state

Complete the table with the oxidation states of the elements 
present in the compound/ions.

SO2 Cl2

SO3 PCl3

H2O NH3

BaF2 NF3

OF2

Cl2O7 ClO3
–

NO3
–

Cr2O7
2–

NaH H2O2

A purely formal concept that regards all compounds as ionic and assigns

charges to the elements accordingly.

2–SO4 

2–CrO4 

3–PO4 
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Oxidation states of compounds

Name the following compounds using oxidation states:

MnO2

CuSO4

CrCl3

Cr2O3

Na2Cr2O7

KMnO4

PCl3

PCl5
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A comparison of the variation of first ionisation
energy and atomic radius across Period 3 with 
that across the transition element series

Figure 10.15: A comparison of the variation of first 
ionisation energy across Period 3 with that across
the transition element series.

Figure 10.16: A comparison of the variation of 
atomic radius across Period 3 with that across 
the transition element series.
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Oxidation states of transition elements in compounds

Not all oxidation states are common.

Figure 10.17: Oxidation states of transition
element compounds.

Figure 10.18: Comparison of 
successive ionisation energies 
of magnesium and manganese.

Why do transition elements have variable oxidation state?
The 4s and 3d sub-shells are close in energy, and there are no big jumps in the 
successive ionisation energies when the 4s and 3d electrons are removed.
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The oxidation state of a transition element
in a complex ion

[Fe(H2O)6]2+

Complete this table

Oxidation state of 
transition element

[Fe(H2O)6]2+

[Ni(CN)4]2–

[Co(NH3)2Cl4]–

Neutral ligands 1– ligands

H2O Cl–

NH3 CN–

Figure 10.19: A complex ion is formed when 
ligands bond to a transition element ion. The 
ligands donate lone pairs into vacant orbitals 
(3d, 4s or 4p) on the transition element ion.
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