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My revision planner

1 Atomic structure and the periodic table (Topic 1)
9	 Structure	of	atoms	
9	 Mass	spectrometry	
10	 Electrons	in	atoms	
13	 The	periodic	table	

2 Bonding and structure (Topic 2)
15	 Ionic	bonding	
16	 Covalent	bonding	
18	 Shapes	of	molecules	
20	 Bond	polarity	
21	 Intermolecular	forces	
22	 Metallic	bonding	
23	 Giant	lattices	
23	 Simple	molecular	substances	
24	 Physical	properties	and	structure	

3 Formulae, equations and amount of substance (Topic 5)
28	 Empirical	and	molecular	formulae	and	the	gas	laws	
29	 Equations	
30	 Calculations	of	reacting	masses	and	volumes	
33	 Titration	calculations	
34	 Errors	and	yields	in	experiments	
35	 Atom	economy	

4 Redox I (Topic 3)
37	 Oxidation	
37	 Oxidation	numbers	
38	 Ionic	half-	and	overall	equations	

5 Redox II (Topic 14)
41	 Standard	electrode	potentials	
42	 Calculation	of	E1cell	and	the	overall	equation	
44	 Cell	diagrams	
44	 Spontaneous	change	and	non-standard	conditions	
46	 Storage	cells	and	fuel	cells	
47	 Redox	titrations	
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6 Inorganic chemistry and the periodic table (Topic 4)
51	 Trends	down	group	2	 	 	
51	 Reactions	of	group	2	elements,	their	oxides	and	hydroxides	 	 	
53	 Solubility	and	stability	of	group	2	compounds	 	 	
54	 Flame	tests	 	 	
56	 Physical	properties	of	group	7	elements	 	 	
56	 Reactions	of	the	halogens	—	Cl2	to	I2	 	 	
57	 Other	reactions	of	the	halogens	 	 	
58	 Reactions	of	halides	 	 	
61	 Cations	 	 	
61	 Anions	 	 	

 7 Transition metals (Topic 15)
63	 Principles	of	transition	metal	chemistry	 	 	
66	 Reactions	of	transition	metals	and	their	ions	 	 	

 8 Energetics I (Topic 8)
73	 Introduction	 	 	
73	 Standard	conditions		 	 	
73	 Definitions	of	enthalpy	changes	 	 	
74	 Measuring	enthalpy	changes	 	 	
77	 Hess’s	law	cycles	 	 	
79	 Bond	enthalpy	 	 	

 9 Energetics II (Topic 13)
82	 Lattice	energy	 	 	
85	 Entropy	 	 	
87	 (Gibbs)	free	energy,	G	 	 	

10 Equilibrium I (Topic 10)
91	 Qualitative	equilibrium		 	 	
91	 Effects	of	changing	conditions		 	 	
93	 Compromises	in	industrial	processes	 	 	
93	 The	equilibrium	constant,	Kc	 	 	

11 Equilibrium II (Topic 11)
96	 Kc:	the	equilibrium	constant	in	terms	of	concentrations		 	 	
97	 Kp:	the	equilibrium	constant	in	terms	of	pressure	 	 	
98	 Effect	on	the	value	of	K	of	changing	conditions		 	 	
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12 Acid–base equilibria (Topic 12)
101	 Conjugate	acid–base	pairs	 	 	
101	 pH	and	pOH	 	 	
102	The	pH	of	strong	acids	and	bases	 	 	
103	Weak	acids	 	 	
104	Relative	values	of	pH	 	 	
105	Titration	curves	 	 	
106	Buffer	solutions	 	 	
108	Enthalpy	of	neutralisation	 	 	

13 Kinetics I (Topic 9)
110	 Collision	theory	 	 	

14 Kinetics II (Topic 16)
113	 Definitions	 	 	
113	 Experimental	techniques	 	 	
116	 Continuous	monitoring	 	 	
117	 Order	and	mechanism	 	 	
119	 Activation	energy,	Ea	 	 	

15 Organic chemistry I (Topic 6)
122	Formulae,	names	and	types	of	reaction	 	 	
123	 Isomerism	 	 	
124	Uses	of	alkanes	 	 	
124	Reactions	of	alkanes	 	 	
126	 Reactions	of	alkenes	 	 	
127	Mechanism	of	electrophilic	substitution	 	 	
128	Polymerisation	 	 	
130	Types	of	halogenoalkane	 	 	
130	Reactions	of	halogenoalkanes	 	 	
131	 Comparing	the	rates	of	hydrolysis	 	 	
132	Mechanism	of	nucleophilic	substitution	 	 	
133	Types	of	alcohol	 	 	
134	Reactions	of	alcohols	 	 	
135	Experimental	techniques	 	 	

16 Organic chemistry II (Topic 17)
139	Chirality	 	 	
140	Carbonyl	compounds	—	aldehydes	and	ketones		 	 	
142	Carboxylic	acids	and	derivatives		 	 	
144	Acyl	chlorides	and	esters	 	 	
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17 Organic chemistry III (Topic 18)
147	 Arenes	(benzene)	 	 	
151	 Organic	nitrogen	compounds		 	 	
155	Organic	synthesis	 	 	
157	 Reaction	schemes	 	 	
159	 Practical	procedures	 	 	

18 Modern analytical techniques I (Topic 7)
164	Mass	spectrometry	 	 	
165	 Infrared	spectroscopy	 	 	

19 Modern analytical techniques II (Topic 19)
168	Mass	spectrometry	 	 	
169	 Nuclear	magnetic	resonance,	NMR		 	 	
171	 Chromatography	 	 	

20 Exam practice for paper 3

Now test yourself answers

Exam practice answers and quick quizzes at  
www.hoddereducation.co.uk/myrevisionnotes

854828_FM_Ed_A Level_Chem_i-viii.indd   7 29/08/16   9:07 am

sa
mple



116

14
 K

in
et

ic
s 

II

Exam practice answers and quick quizzes at www.hoddereducation.co.uk/myrevisionnotes

l From experiments 1 and 3: [B] doubles, [A] is constant and the rate 
increases four-fold. Therefore, the order with respect to B is 2.

Rate of reaction = k[A]1[B]2, so the reaction has a total order of 3.

k = 
rate

[A][B]2
 = 

0.001
0.1 × (0.1)2

 = 1.0 dm6 mol−2 s−1

Continuous monitoring
The concentration (or something proportional to it, such as colour) of a 
reactant or product is measured over a period of time.
1 Mix the reactants, stir and start timing.
2 Remove samples at regular intervals and quench the reaction by adding 

the samples to iced water or a substance that will react with the catalyst 
or one of the reactants.

3 Titrate samples against a suitable solution.

This method can be used when a reactant or product is:
l an acid — titrate against an alkali
l a base — titrate against an acid
l iodine — titrate against sodium thiosulfate solution, using starch as an 

indicator

Concentration–time graphs

To calculate rate of reaction
The concentration of a reactant is measured over a period of time and a 
graph is plotted with concentration (or the titre) on the y-axis and time on 
the x-axis. The gradient at any point on this graph is the rate at that point.

Now test yourself
2  Consider the reaction A → B + C. 1.0 mol of A was taken and a clock 

was started. After 84 s the amount had dropped to 0.50 mol. After 
170 s the amount of A had dropped to 0.25 mol. Calculate the half-
life of the reaction.

Answer on p. 179

Exam tip

The titre is proportional 
to the concentration of the 
substance being sampled.

Exam tip

An example of this is the 
iodination of propanone, 
where samples are 
withdrawn at intervals, 
quenched and the iodine 
titrated against sodium 
thiosulfate.

the gradient at time 0 = 
(0.20 − 0.64)

50  = −0.0088 mol dm−3 s−1

the initial rate = −(the gradient at time 0) = 0.0088 mol dm−3 s−1

the gradient at time 50 s = 
(0.10 − 0.32)

90  = −0.0024 mol dm−3 s−1

the rate at time 50 s = −(the gradient at time 50 s) = 0.0024 mol dm−3 s−1

Exam tip

The gradient is negative 
because the concentration 
of the reactant decreases 
over time. If a graph of 
concentration of product 
against time had been 
plotted, the gradient would 
be positive and equal to the 
rate of reaction.
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A comparison of rates at different initial concentrations or different 
temperatures can be obtained by plotting anything that is proportional to 
concentration against time. For example, the volume of gas produced is 
proportional to the moles of gas produced.

Half-life method
The order of reaction can be found by measuring the time taken for half 
of a reactant to react, then measuring a second half-life.

If the concentration of a reactant is plotted against time, three shapes of 
graph are likely depending on the order of the reaction. If the graph is 
a straight line, the rate of reaction is constant and so the reaction is zero 
order. If the graph is curved, measure two consecutive half-lives. If they 
are constant, the reaction is first order in that reactant.

Exam tip

If the half-lives are constant 
the reaction is first order. If 
they increase, the reaction is 
second order.

Order and mechanism
The experimentally determined partial orders of a reaction provide 
evidence for the mechanism of the reaction. The order with respect to 
a reactant equals the number of molecules of that substance up to and 
including the rate-determining step.

The iodination of propanone
The rate equation for the acid-catalysed iodination of propanone is found 
to be:

rate = k[propanone]1[H+]1[I2]0

From this it can be deduced that:
l iodine enters the mechanism after the rate-determining step
l both propanone and H+ appear once in the mechanism before or in the 

rate-determining step

The mechanism is as follows:
Step 1:   The lone pair of electrons on the oxygen forms a bond with an 

H+ from the catalyst.
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Figure 14.2 Determining the order of reaction by the half-life method 
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Step 2:   Formation of the enol intermediate. This is slow because a C−H 
bond has to be broken and hence is the rate-determining step.

CH3

C

OH

CH2C OH

CH3

H H

C

H

+

Step 3:   Addition of iodine and loss of H+. This is a fast step and as it 
occurs after the rate-determining step, the order with respect to 
iodine is zero.

C CH2I    +    H+    +    I−

O

H3C

H

C CH2

O

I IH3C

The hydrolysis of halogenoalkanes
Primary halogenoalkanes react with hydroxide ions (or with water 
molecules) in an S

N
2 mechanism.

l The carbon atom in the C–X group is δ+ and is attacked by the lone 
pair of electrons on a nucleophile.

l In the reaction between chloroethane and aqueous hydroxide ions, a 
new σ-bond forms between the negative oxygen and the δ+ carbon 
and at the same time the σ-bond between the carbon and the chlorine 
breaks:

C

CH3

H

HOHO– HO

–

C

CH3

H

CH3

HH

Cl C

HH

Cl

Tertiary halogenoalkanes react in an S
N
1 mechanism. The first step is the 

ionisation of the C–X bond to form X− and a carbocation. This is then 
attacked by the nucleophile:

Exam tip

The mechanism is called SN2 
because it is a Substitution 
reaction, the attacking 
reagent is a Nucleophile and 
the reaction is 2nd order.

CH3

CH3

C O H+

CH3

CH3

C OH
+

CH3

CH3

C OH
+

C

CH3

H

H3CStep 1

Step 2
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Secondary halogenoalkanes react by both mechanisms, but S
N
1 is the 

main mechanism.

Activation energy, Ea
The rate constant, k, is proportional to e−Ea/RT, so lnk is proportional to 
−E

a
/RT.

The activation energy, E
a
, can be found by plotting a graph of lnk against 

1/T, where T is the temperature in kelvin. The gradient of this line is  
−E

a
/R, where R = 8.31 J mol−1 K−1.

k lnk Temperature/°C Temperature/K 1/temperature/K–1

0.0000454 –10.0 25 298 0.00336

0.000335 –8.0 50 323 0.00310

0.00248 –6.0 75 348 0.00287

Exam tip

ln(rate) or ln of something 
proportional to rate such 
as ln(1/time) can be plotted 
instead of lnk. 

Exam tip

Make sure that you show 
that the gradient is negative 
and that the activation 
energy is positive.

gradient = 
−10 − (6.00) 

0.00336 − 0.00287
 = −4

0.00049
 = −8163 K

Ea = −gradient × R = −(−8163 × 8.31) = +66 400 J mol−1 = +66.4 kJ mol−1
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