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Equimolar amounts of 1-bromobutane and sodium hydroxide were mixed at 51oC. Samples were removed at 
intervals and the concentration of hydroxide ions was determined.

1. How could the concentration of hydroxide ions be measured?

Learner resource 2 The hydrolysis of 1-bromobutane

Time (hours) [OH-]/mol dm-3 Time (hours) [OH-]/mol dm-3

0.04 0.241 12.0 0.084

0.5 0.225 14.0 0.077

1.5 0.195 22.0 0.058

2.5 0.172 27.0 0.050

3.5 0.155 33.0 0.044

4.5 0.140 38.0 0.040

6.5 0.118 47.0 0.035

9.0 0.099 59.0 0.028
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These results give the following graph.

2. What reaction order does this graph show? 

Note: this is an overall order, since the initial concentrations of bromobutane and hydroxide ions were the same 
and they are being used up at the same rate.

Learner resource 2



3

© OCR 2015 AS and A Level Chemistry A

Rates

Learner resource 2

In another experiment, the initial rate of the reaction was measured:

3. What is the order of the reaction with respect to the concentration of hydroxide ions? 
(Explain your reasoning clearly)

4. What is the order with respect to bromobutane concentration?

Draw the mechanism for the nucleophilic substitution reaction between bromobutane and OH- ions. 

5. Refer to the mechanism to explain why increasing the concentration of either bromobutane or hydroxide ions 
would increase the rate of the reaction.

The hydrolysis of some haloalkanes is believed to take place by a two-step mechanism. For example, with 
2-bromo-2-methylpropane:

Step 1. (CH3)3CBr    (CH3)3C
+ + Br-  (formation of a carbocation)

Step 2. (CH3)3C
+ + OH-    (CH3)3COH

6. Step 2 is much faster than step 1. Suggest a reason for this.

7. Suggest the likely rate equation for this reaction, showing the orders with respect to the concentration of 
bromoalkane and hydroxide ions.

Initial concentrations  
(mol dm-3) Initial rate (mol dm-3 s-1)

[OH-]      [C4H9Br]

Experiment A 0.10       0.25 3.2 x 10-6

Experiment B 0.10       0.50 6.6 x 10-6

Experiment C 0.50       0.50 33 x 10-6
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Answers
1. Samples were removed, cooled quickly and titrated with acid.

2. The concentration-time graph is clearly not zero order and it does not show a constant half-life so students 
would be justified in suggesting that the reaction is second order overall.

3. Comparing experiments B and C shows that when the hydroxide ion concentration is increased 5-fold the rate 
also increases 5-fold. The reaction is first order with respect to the concentration of hydroxide ions.

4. Comparing experiments A and B shows that when the bromobutane concentration is doubled the rate also 
doubles. The reaction is first order with respect to the concentration of bromobutane.

5. The conventional mechanism shows nucleophilic attack by a hydroxide ion on a molecule of bromobutane. 
Increasing the concentration of either reactant would increase the frequency of effective collisions between them.

6. Step 2 would be faster because the two particles have opposite charges and would be attracted to each other. 
Step 1 involves fission of a covalent bond, which is a very endothermic process.

7. Step 1 is the rate determining step so the only reactant which will figure in the rate equation is the 
bromoalkane. The expected rate equation would be:

Rate = k[bromomethylpropane]1

Learner resource 2
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