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My revision planner

Physical chemistry
1 Atomic structure

9 The structure of atoms 
10 Mass spectrometry 
12 Electron configuration 
13 Ionisation energies 

2 Amount of substance
16 The mole and the Avogadro constant (L) 
16 Empirical and molecular formulae 
18 The ideal gas equation 
19 The mole and reactions 
24 Chemical formulae and writing chemical equations 

3 Bonding
28 Nature of ionic, covalent and metallic bonds 
31 Bond polarity 
32 Forces acting between molecules 
34 States of matter 
35 Shapes of molecules and ions 

4 Energetics
39 Enthalpy change, ΔH 
39 Calorimetry 
41 Simple applications of Hess’s law 
43 Bond enthalpies 

5 Kinetics
46 Collision theory 
47 Factors affecting rate of reaction 

6 Equilibria
51 The dynamic nature of equilibria 
52 Qualitative effects of changes in external conditions 
54 The importance of equilibria in industrial processes 

7 Redox reactions
57 Oxidation and reduction 
57 Oxidation states 
59 Redox equations 
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Inorganic chemistry
8 Periodicity

62 Classification of elements in s, p, d or f blocks   
63 Properties of the Period 3 elements   

9 The periodic table
66 Group 2: the alkaline earth metals   
69 Group 7: the halogens   

Organic chemistry
10 Alkanes

75 Fractional distillation of crude oil   
75 Formulae and naming   
77 Isomerism   
78 Cracking of alkanes   
78 Combustion of alkanes   

11 Halogenoalkanes
80 Synthesis of chloroalkanes   
81 Ozone depletion   
82 Nucleophilic substitution   
83 Elimination   

12 Alkenes
85 Structure, bonding and reactivity   
87 Addition reactions of alkenes   
89 Polymerisation   

13 Alcohols
92 Naming alcohols    
92 Ethanol production   
93 Classification of alcohols   
95 Aldehydes and ketones   
95 Elimination   

14 Organic analysis
97 Identification of functional groups by test-tube reactions   
98 Mass spectrometry   
98 Infrared spectroscopy   
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16 Kinetics
113 Rate equations   
117 The effect of temperature on rate of reaction   
119 Rate equations and reaction mechanism   

17 Equilibria
121 The equilibrium constant, Kp   

18 Redox equilibria
125 Redox equations   
126 Electrode potentials   
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131 Electrochemical cells   

19 Acid–base equilibria
135 Brönsted–Lowry acids and bases   
135 Strong and weak acids and bases   
136 pH   
137 The ionic product of water, Kw   
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141 Titration   
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21 Transition metals
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154 General properties of transition metals   
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165 Ligand substitution reactions   
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167 Structural isomers   
167 Stereoisomerism   

23 Compounds containing the carbonyl group
171 Aldehydes and ketones   
174 Carboxylic acids and esters   
177 Acylation   

24 Aromatic compounds
182 Structure of benzene   
183 Reactions of benzene   

25 Amines and amino acids
187 Amines as bases   
188 Amines as nucleophiles   
189 Synthesis of amines   
190 Amino acids   
191 Proteins   
194 DNA   

26 Polymers
198 Addition polymers   
199 Condensation polymers   
200 Disposing of polymers   

27 Synthesis, analysis and structure determination
202 Infrared spectroscopy   
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215 Now test yourself answers
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Enzymes
Enzymes are complex proteins.

The action of enzymes as catalysts involves a stereospecific (or chiral) 
active site that binds to a substrate molecule. The stereospecific active 
site will only ‘recognise’ another chiral molecule of the correct chirality. 
This molecule can then bind effectively to the active site because the 
functional groups of the substrate and the active site can align themselves 
correctly. The other molecule of the incorrect chirality is not affected by 
the enzyme. 

Mixtures containing equal amounts of both chiral forms of a molecule — 
a racemic mixture — can be separated by using an enzyme that has a 
chiral active site. One of the molecules can then bind with the active site, 
and therefore react, producing new product molecules, whereas the other 
molecule is left intact and can then be separated from the mixture. This 
process is called resolution.

The principle of many drug actions involves binding to the active site of 
an enzyme, thereby blocking the active site, so that the enzyme is not 
affected by other target molecules. Computers can be used to help design 
such drugs. If the structure of the active site of the enzyme is understood, 
molecules can be ‘engineered’ by computer modelling. 

DNA
The structure of a DNA molecule consists of a double helix, which 
maintains its structure using paired bases holding the strands together like 
a ‘zip’ (Figure 25.15).

Base pairs

Adenine Thymine

Guanine Cytosine

Sugar–phosphate
backbone

Figure 25.15 DNA structure

The backbone of each DNA strand consists of many nucleotides bonded 
together. A nucleotide consists of a deoxyribose sugar, a phosphate group 
and a base all bonded together covalently.
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Deoxyribose (Figure 25.16) is based on a simple sugar molecule (ribose).

Figure 25.17 shows the typical structure of a nucleotide, in which the 
three main units are chemically bonded together (phosphate, ribose 
and base).
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Figure 25.17 Structure of a nucleotide

Nucleotides may then combine with other nucleotides when one of the 
OH groups from the deoxyribose molecule and an OH group from a 
phosphate group from another molecule react, forming a new bond and 
water (Figure 25.18).
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Figure 25.18 Bonding between nucleotides

This process repeats itself to extend the chain length so that eventually 
millions of nucleotides may bond together.

When a chain wraps around itself, bases can then hydrogen bond together 
to maintain the helical shape of the DNA molecule.

The bases
A chemical base is a proton acceptor. So there must be lone pairs available 
on a donor atom that can then accept a proton by using a coordinate bond. 
The bases used by DNA are amines and have lone pairs available on nitrogen 
atoms that then hydrogen bond to another base.

There are four bases used to pair up in DNA:
● adenine and thymine (an A–T pair)
● guanine and cytosine ( a G–C pair)

The reason why each base can pair up with its opposite base and no other 
relates to the number of hydrogen bonds that are possible between the 
bases, and the shapes of the bases involved.

O

H H
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H

OH

H

HOCH OH2

Figure 25.16 Deoxyribose
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In Figure 25.19(a) only two hydrogen bonds are possible as the best ‘fit’, 
whereas in Figure 25.19(b) three are possible.

Figure 25.19 Base pairing
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Hydrogen
bonds

Guanine
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Backbone of
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Note three hydrogen
bonds this time
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The action of cisplatin as an anti-cancer drug
Cisplatin is a platinum(ii) compound formed when two chloride ligands 
and two ammonia ligands bond to a central platinum(ii) ion to form a 
square planar complex (Figure 25.20).

This complex shows E–Z (cis-trans) isomerism as the two chloride ions 
(or ammonia molecules) occupy the same side of one of the edges of the 
complex. This complex has anti-cancer properties because it aims to prevent 
further replication taking place within the DNA strand that results in 
different forms of DNA, and these could result in cancerous growths. It is 
used to treat various types of cancers including sarcomas, some carcinomas, 
ovarian cancer, lymphomas, bladder cancer and germ cell tumours.

The mechanism by which it operates involves an initial attack by a water 
molecule to displace a chloride ion from cisplatin:

[Pt(NH3)2Cl2] + H2O → [Pt(NH3)2Cl(H2O)]+ + Cl−

The resulting  [Pt(NH
3
)
2
Cl(H

2
O)]+  complex is then attacked by one of 

the nitrogen atoms from a guanine base from the DNA strand, removing 
the newly bound water molecule in another ligand displacement reaction:

Guanine(DNA) + [Pt(NH3)2Cl(H2O)]+ → Guanine(DNA)−[Pt(NH3)2Cl]+ + H2O

Then another guanine from another strand removes the remaining chloride 
ion. The effect of this is that cisplatin now binds both strands together and 
stops further cancerous division and replication of the DNA strand.

It should be noted that cisplatin has many well-known side-effects, and 
these need considering before administering the compound to a patient. 
Kidney damage is a major concern that can limit its dose. Potential nerve 
damage and hearing loss can also be an issue.

Pt
CI

CI

NH3

NH3

Figure 25.20 Cisplatin
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Exam practice
1 Consider the three compounds drawn below, all of which are Brönsted–Lowry bases.

NH2

Phenylamine

NH2

Cyclohexylamine Ammonia

NH3

(a) State what is meant by the term ‘Brönsted–Lowry base’. [1]
(b) Write an equation to show cyclohexylamine acting as a base. [1]
(c) Write the compounds in order of decreasing basic strength — strongest base first. [1]
(d) Explain your answer to part (c). [3]
(e) Draw the structure of the compound formed when phenylamine reacts with:

(i) bromomethane, CH
3
Br [1]

(ii) ethanoic anhydride, (CH
3
CO)

2
O [1]

2 The structure below shows a dipeptide formed by alanine and glycine. The shorthand form of this 
structural sequence is Ala–Gly; that is an alanine unit bonded to a glycine unit. It is shown in its 
zwitterionic form.

Ala-Gly

O H

C
C

O−

O

C

CH3N+

CH3

H
N

H

H

(a) Draw the structure of the dipeptide called ‘Gly–Ala’. [1]
(b) Are the structures of Gly–Ala and Ala–Gly the same? Explain your answer. [2]
(c) Draw the structures (showing all the charges on the appropriate ions) of the products formed 

when Ala–Gly is warmed with:
(i) NaOH(aq) [2]
(ii) HCl(aq) [2]

Answers and quick quiz 25 online

Summary
You should now have an understanding of:
● how amines can act as Brönsted–Lowry bases
● the structural features that determine base 

strength
● how amines react with halogenoalkanes
● how aliphatic amines can be prepared by 

reducing a nitrile
● how aromatic amines can be prepared by 

reduction of a nitro compound
● amino acids and their general structure
● zwitterions and how they are formed

● proteins and how they are formed from amino 
acids

● protein hydrolysis and how different products 
form depending on the pH at which the 
hydrolysis takes place

● the chemical structure of DNA in terms of its 
simple nucleotide building blocks

● the role of cis-platin as an anti-cancer 
compound, and how it works in terms of its 
interaction with the DNA strand
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