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14 Kinetics II

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
= 1.0 dm6 mol−2 s−1
0.1 × (0.1)2

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 halflife of the reaction.

Answer on p. 179

Continuous monitoring

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

m
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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withdrawn at intervals,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.

Concentration–time graphs
To calculate rate of reaction

Concentration/mol dm−3

sa

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.
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Figure 14.1 A typical rate of reaction graph

300

Time/s

(0.20 − 0.64)
= −0.0088 mol dm−3 s−1
50
the initial rate = −(the gradient at time 0) = 0.0088 mol dm−3 s−1
(0.10 − 0.32)
the gradient at time 50 s =
= −0.0024 mol dm−3 s−1
90
the rate at time 50 s = −(the gradient at time 50 s) = 0.0024 mol dm−3 s−1
the gradient at time 0 =

116

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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14 Kinetics II

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.

Exam tip

100

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

Zero order

80
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Concentration

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.
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Figure 14.2 Determining the order of reaction by the half-life method

Order and mechanism

sa

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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14 Kinetics II
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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.
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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.
H3C

C

CH2
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H3C
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H+ +

I−

O

H

m

The hydrolysis of halogenoalkanes
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Primary halogenoalkanes react with hydroxide ions (or with water
molecules) in an SN2 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:
CH3

HO–

CH3

Cl

C

H

C

HO
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–
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Cl
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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.
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Tertiary halogenoalkanes react in an SN1 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:
CH3

CH3
Step 1

H3C

+ Br–

C+

Br

C

H3C

H

H

CH3
OH–

C+

Step 2
H3C

118

CH3

H

H3C

C

OH

H

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

854828_Ch14_Ed_A Level_Chem_113-121.indd 118

29/08/16 8:49 am

14 Kinetics II

Secondary halogenoalkanes react by both mechanisms, but SN1 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.
lnk

k

Temperature/°C Temperature/K 1/temperature/K–1
298

0.00336

0.000335

–8.0 50

323

0.00310

0.00248

–6.0 75

348

0.00287
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0.0000454 –10.0 25

(–1T ) × 10

3

2.8

3.0

–5.0

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

sa

m

–7.0

–9.0

3.4

Exam tip

–6.0

–8.0

3.2

–10.0

ln k

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

–11.0

gradient =

−10 − (6.00)
−4
= −8163 K
=
0.00336 − 0.00287 0.00049

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