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KINETICS — PRACTICE

1
Manganese(IV) oxide catalyses the decomposition of hydrogen peroxide.
2H,0 — 2H,0 + O,
The volume of oxygen gas liberated from a sample of hydrogen peroxide contaminated
with some manganese(IV) oxide was measured every minute. The results are tabulated
below.
Time / min 0 1 2 3 4 5 6 7
Totalvolume | 4 230 | 365 | 46.0 | 51.0 | 545 | 57.0 | 585
of O,/ cm
(i) Use a graphical method to deduce the order of reaction with respect to hydrogen
peroxide. Explain your answers as fully as you can.
(i) Calculate the rate constant for the reaction, stating its units.
(iii) What effect will the presence of the manganese(IV) oxide catalyst have on the rate
constant for this reaction? Explain your answer.
[7]
2

When aqueous bromine reacts with methanoic acid, carbon dioxide gas is
produced.

Br,(aq) + HCOOH (aq) — 2Br (aq) + 2H"(agq) + CO,(9)
The rate of the reaction can be determined by measuring the rate of formation

of carbon dioxide gas. In investigations of this reaction, the following results
were obtained.

Experiment | Initial concentrations / mol dm™ Initial rate of
[Brs] [HCOOH] formation of CO, (g)
/ mol dm?®s™
1 0.01 0.02 2.0x10°
2 0.02 0.04 8.0x10°
3 0.03 0.02 6.0x10°

(i) Deduce the order of the reaction with respect to Br, and HCOOH. Hence,
write a rate equation for the reaction. [3]

(ii) Using the data from Experiment 3, calculate the rate constant for the
reaction, stating its units. [2]
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What conclusions about the mechanism of the reaction can you draw
from the rate equation? [2]

In another experiment, equal volumes of 0.01 mol dm™ of Br, and 0.02
mol dm® of HCOOH were mixed. What is the initial rate of this
experiment? [2]

In heavily polluted air, a brown haze is often seen due to the formation of nitrogen
dioxide from nitrogen monoxide that passes into the atmosphere.

In a

2NO (g) + O2(g) » 2NO2(g) AH <0
series of experiments carried out to investigate this reaction, the following

results were obtained.

(1)

(if)
(iii)

Experiment concentration / mol dm™ initial rflstei
NO (g) 02(g) mol dm™ s

1 0.001 0.1 0.70 x 107°

2 0.002 0.1 2.80 x 107°

3 0.003 0.2 12.60 x 107

Deduce the order of reaction with respect to each reactant, and hence write
the rate equation for the reaction.

Calculate a value for the rate constant ., giving its units.

Suggest, with explanation, how the value of the rate constant k is affected (if
at all) as the gases get cooler in the upper part of the atmosphere.
[3]

The first step in a possible mechanism for the reaction in (b) is

2NO (g) > N2O3 (g) fast (step 1)
Draw dot-and-cross diagrams to show the electronic structures of the two
molecules, NO and N->O,. What feature in the electronic structure of NO
would suggest that this is a likely first step in the reaction?

Suggest an equation for the slow rate-determining step (step 2).

Sketch and clearly label the energy profile diagram for the proposed
mechanism represented by steps 1 and 2.
[6]
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(a) With the aid of a suitable diagram, explain why an increase in temperature can
cause an increase in the rate of a chemical reaction. [4]

(b) lodine reacts with propanone in acid solution as follows.
H+
I, + CH,COCH, — = CH,COCH,I + HI

Kinetics studies have shown that the reaction is second order overall, and it has
been suggested that the mechanism involves the following three steps.

+
CH,COCH, + H' == CH,C(OH)CH, (fast)
+
CH,C(OH)CH, == H,C—C(OH)CH, + H (slow)
H,C=C(OH)CH, + I, — = CH,COCH,l + HI (fast)

(i) Explain the meaning of the following terms.

o« order of reaction
¢ rate constant

(ii) Give the rate equation for this reaction.
(iii) An experiment was carried out at 50 °C using the following concentrations
of the reagents.

Initial concentration / mol dm™
(L] [CH;COCH;] [H]
0.002 0.050 0.050

The initial rate of reaction was found to be 1.25 x 107® mol dm™ s™! under
these conditions. Calculate the rate constant for this reaction, stating its
units.

(iv) Suggest the role of H" ions in this reaction.

(v) Sketch a graph to show how the concentration of I, changes with time
during the reaction. Justify the shape of your graph by considering the
relative concentrations of the reagents used.

8]
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One of the methods of preparing esters is to react together an alcohol with a carboxylic
acid. This process is reversible by the reaction called ester hydrolysis. An ester, RCOOR’
is hydrolysed by dilute hydrochloric acid according to the equation:

HC/
RCOOR’' + H,O0 <=— RCOOH + R'OH

The table below lists the variation of the concentration of the ester with time for the two
different experiments using different concentrations of hydrochloric acid at constant

temperature.
Time/minute [RCOOR’]/ mol dm™ [RCOOR’]/ mol dm™
when [HC/] = 0.20 mol dm™ when [HC/] = 0.40 mol dm™®
0 0.160 0.160
10 0.144 0.130
20 0.128 0.100
30 0.114 0.080
40 0.100 0.066
50 0.090 0.054
(a) Plotthese data on suitable axes.
(b) Use your graph to determine the order of reaction with respect to
(i) ester, RCOOR’ and
(ii) hydrochloric acid, HC/
(iii) Hence, write the rate equation for the reaction and calculate the rate constant
of the reaction.
(c) At the end of the experiment, only about 20% of the carboxylic acid was formed.
Explain why this is so.
(d) Explain how a catalyst increases the rate of a chemical reaction and its effect on rate

constant.

[10]
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Sucrose is the most common natural food sweetener, often known as
table sugar. In acidic solution, sucrose is readily hydrolysed to
a 1:1 mixture of glucose and fructose. The reaction is catalysed by
aqueous H ions.

H"(aq)
CioH22011 + HO — > CgH1205 + CgH 1205

(sucrose) (glucose) (fructose)

A series of experiments were carried out at 25 °C to investigate the
Kinetics of this reaction, using 0.79 mol dm™ sucrose solution and
1.25 mol dm™ hydrochloric acid.

The following data were obtained:

Expt Volume of Volume of | Volume of Initial rate of
sucrose HC/ water reaction
/em? /em? /em® /mol dm™ min”"
1 20 20 10 0.00125
2 20 30 0 0.00188
3 10 30 10 0.000938
4 40 20 10 ?
(i) Using the data given above, determine the orders of reaction with

(i)

respect to sucrose and HC/.

Give the rate equation and hence, calculate the rate constant for
the reaction, stating its units.

Hence or otherwise, deduce the initial rate of reaction for

Experiment 4.

In bacteria, sucrose is broken down into glucose and fructose by the
enzyme, invertase. A few experiments were carried out with different
initial concentrations of sucrose and the initial rates of the enzyme-
catalysed hydrolysis reaction were measured.

[6]
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Sketch a graph to show how the initial rates of this
enzyme-catalysed hydrolysis reaction vary with different

concentrations of sucrose. Label your graph as Graph 1.

Explain the shape of Graph 1, making reference to the order of

reaction with respect to sucrose.

On the same axes in (b)(i), sketch another graph to show how
the initial rates will vary with the concentrations of sucrose if the
reaction mixtures were contaminated with trace amount of  Ag”

ions. Label this graph as Graph 2.

What causes the shape of Graph 2 to be different from  Graph

17 Explain the chemical basis.

[7]
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