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Electronic 
ConfigurationTransition metals are d-block elements that form at least one 

stable ion with a partially filled d-orbital

A d-orbital can hold up to 10 
electrons
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Scandium and zinc are not transition 
metals:

• Scandium: forms only Sc3+ Sc3+: [Ar] 

Zn2+: [Ar] • Zinc: forms only Zn2+ 
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Electronic 
Configuration

But Cr and Cu behave differently:

Cr: [Ar] 

Cu: [Ar] 
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The electronic configuration of Cr can 
be  written as 1s22s22p63s23p63d54s1 
or 1s22s22p63s23p64s13d5 – they are 

the same

The 4s sub-shell is lower in energy than the 

3d sub-shell

• 4s will fill up with electrons first before 3d

• 4s will lose electrons first before 3d



Exemplar Exam Question – Long Answer

1) State the electronic configuration of nickel and zinc. Using the 
electronic configurations drawn, explain why nickel is a transition 
metal but zinc is not. 

   [4 marks]

Direction: define transition 
metal, write electronic 
configuration of Ni and Zn, 
compare to each other

Context: definition of 
a transition metal, use 
of periodic table

Command: state - simple 
recall of electronic 
configuration, explain – 
give reasoning why
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Exemplar Exam Question – Long Answer

1) State the electronic configuration of nickel and zinc. Using the 
electronic configurations drawn, explain why nickel is a transition 
metal but zinc is not. 

   [4 marks]
The electronic configuration of nickel is 1s22s22p63s23p63d84s2. Nickel has

a partially filled d-orbital when it forms stable ions so it is a transition

metal. The electronic configuration of zinc is 1s22s22p63s23p63d104s2. Zinc

does not have a partially filled d-orbital, and only forms one stable ion

(Zn2+) by losing its 4s electrons and keeping the full 3d subshell. 
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Ligand
sA complex ion is a metal ion surrounded by 

ligands through co-ordinate/dative 
covalent bonding

A ligand is an ion or molecule that donates 
a pair of electrons to a central transition 

metal 

The coordination number is the number of 
co-ordinate bonds that are formed with 

central transition metal

[Cu(H2O)6]2

+
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Ligand
sA ligand must have at least one pair of electrons to form co-ordinate/dative 
covalent bonds

One pair Two pairs
More than two

pairs

H2
O NH3

Cl-
CN-

1,2-diaminoethane = en

Ethanedioate ion, C2O4
2-

Benzene-1,2-diol

EDTA4

-
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Ligand
sMultidentate ligands will replace monodentate ligands around TM ions 
due to the

[Cu(NH3)4(H2O)2]2+ + 3en 🡪 [Cu(en)3]2+ + 4NH3 + 2H2O

This is called the chelate effect. Higher coordination numbers are entropically 
favoured as there is an increase in the number of arrangements molecules 
in solution when monodentate ligands are released. 
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Not on OCR spec



Exemplar Exam Question – Short Answer

2) Explain why a chloride ion is considered a ligand but methane 
is not. 

   [2 marks]

Direction: compare Cl- 
ion and a CH4 molecule

Context: structure of 
ligands and their bonding

Command: give 
reasoning why  
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Exemplar Exam Question – Short Answer

2) Explain why a chloride ion is considered a ligand but methane 
is not. 

   [2 marks]

A chloride ion has lone pairs that they can donate to a central transition

metal forming dative covalent bonds.  A methane molecule does not have

any lone pairs so it is not considered a ligand.
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Shap
e

Co-ordinatio
n No.

Shape Example

6 Octahedral [Fe(H2O)6]2+

4 Tetrahedral 
(most common)

[Cu(Cl4)]2-

4 Square planar 
(less common)

[Ni(CN)4]2-

[Pt(NH3)4]2+

2 Linear [Ag(NH3)2]+
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Most complexes with a 
co-ordination number of 4 will 
be tetrahedral – except Ni and 

Pt complexes 



Isomeris
mStereoisomers are molecules or complexes with the same structural 
formula but a different arrangement of the atoms in space

Geometrical isomerism can occur in octahedral and square planar 
complexes that have two different ligands around the central TM ion
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Isomeris
mIn transition metal chemistry, optical isomerism arises in octahedral 
complexes containing multidentate ligands

Optical isomers have very similar physical and chemical properties, but 
isomers will rotate plane-polarised light in opposite directions

These isomers are 
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Exemplar Exam Question – Short Answer

3) a) Draw the isomer of platin that is used as an anti-cancer drug. 
    [1 mark]

b) The NH3 ligands in this platin can be substituted for 
1,2-diaminoethane (en). Suggest an equation for this and explain 
why this is favoured. 

   [3 marks]

Direction: draw only 
the one that is asked

Context: platin isomers
Command: recall 
and sketch the 
correct isomer

Command: suggest 
– critical thinking, 
explain – give 
reasoning

Direction: write the 
substitution equation 
and give reasons 
why it is favoured

Context: chelate 
effect of en
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Exemplar Exam Question – Short Answer

b) The NH3 ligands in this platin can be substituted for 1,2-diaminoethane 
(en). Suggest an equation for this and explain why this is favoured. 

   [3 marks]Pt(NH
3
)

2
Cl

2
   +   NH

2
CH

2
CH

2
CH

2
   🡪   Pt(NH

2
CH

2
CH

2
NH

2
)Cl

2  
 +   2NH

3

en is a multidentate ligand and can form 2 dative covalent bonds. In this

3) a) Draw the isomer of platin that is used as 
an anti-cancer drug. 

      [1 mark]

reaction there is an increase in entropy as the number of species increases 

from 2 to 3, which increases the number of possible arrangements. 
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Reactions of Transition Metals
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Edexcel 

Specification 
Reference



AQA 

Specification 
Reference



OCR
Specification 

Reference



Ligand Substitution 
Reactions• Ligands can be swapped for 

another ligand in a ligand 
substitution/exchange 
reaction

• Most ligands can be replaced 
by other ligands which are in 
higher concentration or 
when stronger co-ordinate 
bonds are formed
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Ligand Substitution 
Reactions
Haemoglobin contains a Fe2+ ion 
co-ordinately bonded to 4 N lone pairs (part of 
the haem), 1 N lone pair from a protein 
(globin), and 1 H2O

In high O2 concentration the H2O molecule 
will be substituted for O2 to be carried 
around the body where it is needed
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Ligand Substitution 
ReactionsIf water ligands are displaced by ligands of similar size (e.g. NH3), the 
coordination number and shape

[Co(H2O)6]2+ (aq)  +  6NH3  (aq) ⇌ [Co(NH3)6 ]
 2+ (aq) + 6H2O (l)

If water ligands are displaced by ligands with a different size (e.g. Cl-), then the 
coordination number and shape

[Cu(H2O)6]2+ (aq)   +  4Cl- (aq)  ⇌   [CuCl4]2-
 (aq)  +  6H2O (l)

Yello
w

Pink Straw 

 Blue
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Ligand Substitution 
ReactionsSubstitution can also be

[Cu(H2O)6]2+ (aq)   +  4NH3  (aq)     ⇌    [Cu(NH3)4(H2O)2]2+ (aq)  +  4H2O  (l)
  Dark Blue

When only a small amount of ligand is added, a precipitate will form. NH3 is 
a better ligand than water but it can act as a base at first.

[Cu(H2O)6]2+ (aq)  +  2NH3 (aq)     ⇌  [Cu(OH)2(H2O)4] (s) +   2NH4
+ (aq)

 Blue

 Blue  Blue
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4) An excess of KCN is added to a solution of [Co(H2O)6]
2+ ions, 

[Co(H2O)6]
2+ exists as an octahedral complex.

Exemplar Exam Question – Short Answer

Command: state – simple 
answer, explain – give 
reasoning

Direction: give C.N. and 
shape using equation 
and table, give reasons 
why we see this

Context: effects of 
ligand substitution

Transition Metals Complexes and 
Reactions

Ligand Size (Å)
H2O 1.45
CN- 1.60

a) Using the table, state the coordination 
number and shape of the complex ion formed, 
and explain why this is formed.        

[2 marks]



4) An excess of KCN is added to a solution of [Co(H2O)6]
2+ ions, 

[Co(H2O)6]
2+ exists as an octahedral complex.

b) State an equation for the ligand substitution that occurs, given 
that water is poor ligand. 

[1 mark]

Exemplar Exam Question – Short Answer

Context: ligand 
substitution equations

Direction: write the 
equation of the reaction

Command: 
simple answer
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4) An excess of KCN is added to a solution of [Co(H2O)6]
2+ ions, 

[Co(H2O)6]
2+ exists as an octahedral complex.

Exemplar Exam Question – Short Answer

Transition Metals Complexes and 
Reactions

Ligand Size (Å)
H2O 1.45
CN- 1.60

a) Using the table, state the coordination 
number and shape of the complex ion formed, 
and explain why this is formed.        [2 marks]

The coordination number remains as 6 because as KCN is in excess. The 

starting complex is octahedral so the new complex will be octahedral. This is 

because H
2
O and CN- are similar in size so the coordination number and 

shape do not change.  



4) An excess of KCN is added to a solution of [Co(H2O)6]
2+ ions, 

[Co(H2O)6]
2+ exists as an octahedral complex.

b) State an equation for the ligand substitution that occurs, given 
that water is poor ligand.  

 [1 mark]

Exemplar Exam Question – Short Answer
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[Co(H
2
O)

6
]2+   +   6 CN-   🡪   [Co(CN)

6
]4-   +   6 H

2
O



Acid-Base 
Reactions[Cu(H2O)6]2+ (aq)   +  2OH- (aq)     ⇌    [Cu(OH)2 (H2O)4] (s)   +   2H2O (l)

Blue

In this acid-base reaction, two OH- ions act as a base accepting H+ ions from 
the complex, whilst the complex acts as an acid donating H+ ions.

These acid-base reactions are reversible so can be termed

The same reaction is observed on the careful addition of NH3.

[Cu(H2O)6]2+ (aq)  +  2NH3 (aq)    ⇌  [Cu(OH)2 (H2O)4] (s)  +   2NH4
+ (aq)

Blue

 Blue

 Blue
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Acid-Base 
ReactionsTransition metal complexes reacting with aqueous NaOH or aqueous 

NH3 form a coloured hydroxide precipitate

Ion Solution 
Colour

Precipitate 
Colour

Cu2+ Pale blue Dark blue
Fe2+ Pale green Dark green
Fe3+ Yellow Orange
Mn2+ Pale pink Pink
Cr3+ Blue-Purple Grey-green

Transition Metals Complexes and 
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Precipitate not for edexcel

Not for AQA



5) Hexaaquachromium(III) ions are blue-purple in colour. When 
aqueous sodium hydroxide is added to this solution a 
grey-green precipitate forms. 
a) State the formula of the complex ion which gives the initial 
green solution.   [1 mark]
b) State the formula of the grey-green precipitate and state the 
reaction type that forms it.   [1 mark]

Exemplar Exam Question – Statement

Context: TMs, their 
unique colours, and 
reaction types

Direction: state 
the formulas and 
reaction type

Command: 
simple answer
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5) Hexaaquachromium(III) ions are blue-purple in colour. When 
aqueous sodium hydroxide is added to this solution a 
grey-green precipitate forms. 
c) Suggest which complex ion would be formed when excess 
aqueous ammonia is added to the initial blue-purple solution and 
state the reaction type. 
[1 mark]

Exemplar Exam Question – Statement

Context: ligand 
substitution occurs when 
excess is added

Direction: state the 
complex and reaction 
type

Command: 
critical thinking 
and knowledge 
required
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5) Hexaaquairon(II)ions are green in colour. When aqueous sodium 
hydroxide is added to this solution a green precipitate forms. 

a) State the formula of the complex ion which gives the initial green 
solution. [1 mark]

b) State the formula of the green precipitate and state the reaction type 
that forms it.      [1 mark]

c) Suggest which complex ion would be formed when excess aqueous 
ammonia is added to the initial green solution. 

 [1 mark]

Exemplar Exam Question – Statement

[Fe(H
2
O)

6
]2+ (aq)

Acid-base reaction[Fe(OH)
2
(H

2
O)

4
] (s)

No visible change as no reaction. 
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[Cu(NH3)4(H2O)2]2+      +      3 en      🡪      A

1) Adding 3 equivalents of ethane-1,2-diamine (en) to [Cu(NH3)4(H2O)2]2+ forms 
molecule A.

a) Write the formula for molecule A and draw its structure.     [2 marks]

b)  State which type of isomerism occurs in [Cu(NH3)4(H2O)2]2+ and draw the 
isomers.  [2 marks]

Mini Mock Paper

Mini Mock 
Paper



[Cu(NH3)4(H2O)2]2+      +      3 en      🡪      A

1) Adding 3 equivalents of ethane-1,2-diamine (en) to [Cu(NH3)4(H2O)2]2+ forms 
molecule A.

c) State which type of isomerism occurs in molecule A and draw the isomers. 
[2 marks]

Mini Mock Paper

Mini Mock 
Paper



2) The sizes of two ligands when bonded to a transition metal ion are given 
below.

a) Explain how the differences in size may alter the coordination number of any 
ligand complexes. [2 marks] 

Mini Mock Paper

Ligand Size (pm)
Cl- 120
Br- 186

Mini Mock 
Paper



Mini Mock Paper
3) [Cu(H2O)6]2+ ions with have an octahedral shape. Hydrochloric acid is added to 
aqueous copper(II) sulfate and the following reaction takes place:

[Cu(H2O)6]2+    +    4Cl-      ⇌    [CuCl4]2-    +    6H2O

a) Describe the bonding within the [Cu(H2O)6]2+ ion complex.         [2 marks]

b) State the type of reaction that takes place to form [CuCl4]2- ions and explain 
their likely shape.         [3 marks]

Mini Mock 
Paper
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[Cu(NH3)4(H2O)2]2+      +      3 en      🡪      A

1) Adding 3 equivalents of ethane-1,2-diamine (en) to [Cu(NH3)4(H2O)2]2+ forms 
molecule A.

a) Write the formula of molecule A and draw its structure. [2 marks]

Mini Mock Paper

[Cu(en)3]
2+

Mini Mock 
Paper



[Cu(NH3)4(H2O)2]2+      +      3 en      🡪      A

1) Adding 3 equivalents of ethane-1,2-diamine (en) to [Cu(NH3)4(H2O)2]2+ forms 
molecule A.

b)  State which type of isomerism occurs in [Cu(NH3)4(H2O)2]2+ and draw the 
isomers. [2 marks]

Mini Mock Paper

Geometric Isomerism

Mini Mock 
Paper



[Cu(NH3)4(H2O)2]2+      +      3 en      🡪      A

1) Adding 3 equivalents of ethane-1,2-diamine (en) to [Cu(NH3)4(H2O)2]2+ forms 
molecule A.

c) State which type of isomerism occurs in molecule A and draw the isomers. 
[2 marks]

Mini Mock Paper

Optical Isomerism

Mini Mock 
Paper



2) The sizes of two ligands when bonded to a transition metal ion are given 
below.

a) Explain how the differences in size may alter the coordination number of any 
ligand complexes. [2 marks]

Mini Mock Paper

Ligand Size (pm)
Cl- 120
Br- 186

Br- is a bigger ligand than Cl- so fewer ligands can fit around the transition metal ion,

Mini Mock 
Paper

lowering the coordination number.



Mini Mock Paper
3) [Cu(H2O)6]2+ ions with have an octahedral shape. Hydrochloric acid is added to 
aqueous copper(II) sulfate in the following reaction:

[Cu(H2O)6]2+    +    4Cl-      ⇌    [CuCl4]2-    +    6H2O

a) Describe the bonding within the [Cu(H2O)6]2+ ion complex.             [2 marks]

b) State the type of reaction that takes place to form [CuCl4]2- ions and explain 
their likely shape.      [3 marks]

The lone pair on the oxygen atom of the water ligands is donated to the Cu2+ ions in a dative 

covalent/coordinate bond.

The reaction that takes place is a ligand substitution reaction. Cl- ions are a different size 

compared to the H2O ligands so the coordination number and shape changes. The coordination 

number changes from 6 to 4, and the shape changes from octahedral to tetrahedral. 

Mini Mock 
Paper


