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26. Reaction kinetics Starter Quiz ·课前小测

A-Level Chemistry Name: Score:

1. The rate equation of a reaction:

□ can only be found by experiment, not from the balanced equation

□ is read straight off the balanced equation

□ never includes a rate constant

□ is always second order

2. A reaction whose half-life stays the same as it proceeds is:

□ first order

□ zero order

□ second order

□ not happening

3. The rate-determining step is:

□ the slowest step, which controls the overall rate

□ the fastest step

□ always the first step

□ the step with no intermediate

4. A heterogeneous catalyst:

□ is in a different physical state from the reactants and works by adsorption and desorption

□ is in the same state as the reactants

□ is used up permanently

□ changes the enthalpy change

5. If doubling [A] doubles the rate, the order with respect to A is:

□ 1 (first order)

□ 0 (zero order)

□ 2 (second order)

□ 3

6. A first-order reaction has a half-life of 100 s. What is k? (k = 0.693/t½)
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7. A constant half-life can be used to identify a first-order reaction.

□ True □ False

8. A heterogeneous catalyst is in a different physical state from the reactants.

□ True □ False

9. The power to which a reactant’s concentration is raised in the rate equation is its ______.

10. A first-order reaction has a constant half-life.

□ True □ False

A-Level Chemistry · Starter quiz 课前小测 23

26. Reaction kinetics Answers ·答案

A-Level Chemistry

1. can only be found by experiment, not from the balanced equation

Orders must be measured experimentally; they cannot be deduced from the stoichiometric equation.

2. first order

A constant half-life (independent of concentration) is the signature of a first-order reaction.

3. the slowest step, which controls the overall rate

The slowest step is the bottleneck, so it determines the overall rate.

4. is in a different physical state from the reactants and works by adsorption and
desorption

Heterogeneous = different state (e.g. solid + gases); reactants adsorb, react, then products desorb.

5. 1 (first order)

Rate ∝ [A]1, so doubling [A] doubles the rate — first order.

6. 0.00693

k = 0.693 / 100 = 0.00693 (per second).

7. True

Only first-order reactions have a half-life that is independent of the concentration.

8. True

e.g. a solid catalyst with gaseous reactants.

9. order

The orders are found experimentally.

10. True

The half-life is independent of concentration.
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A-LEVEL CHEMISTRY • EXERCISE SHEET

26.1 Rate equations, orders of reac-
tion and rate constants

Name: Class: Date: Total: 31 marks

KEY WORDS rate equation速率方程 • initial rate初始速率 • rate constant速率常数
• order of reaction反应级数 • half-life半衰期

Objective
Build the skills to answer exam questions on rate equations 速率方程 — order of
reaction 反应级数, the rate constant 速率常数, half-life 半衰期, and the rate-
determining step 决速步.

You must be able to:

• deduce orders from initial-rates data or concentration–time graphs and construct a
rate equation

• use first-order half-life and calculate the rate constant
• deduce a rate equation from a mechanism and identify the rate-determining step

1 Worked examples

Rate equation and order
rate = k[A]m[B]n — found only by experiment. Order m/n = 0, 1 or 2; overall
order = m+ n.

A-Level Chemistry • 26.1 Rate equations, orders of reaction and rate constants 1
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concentration [A]

ra
te

zero order

first order

second
order

rate = k  ·  rate = k[A]  ·  rate = k[A]2

Deduce the order from the shape of the graphs, or from initial-rates data

Initial rates: if doubling [A] doubles the rate → 1st order; if it quadruples → 2nd
order; no change → 0 order.

Half-life and rate constant

time

c0

c0/2

c0/4

co
nc

en
tra

tio
n

t1/2 t1/2 t1/2

t1/2 = ln 2
k   (constant for 1st order)

A first-order reaction has a constant half-life (independent of concentration):
k = 0.693/t1/2

A-Level Chemistry • 26.1 Rate equations, orders of reaction and rate constants 2
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Mechanism and rate-determining step

reaction progress

en
er

gy

rate-determining
step (slow, big barrier)

second step
(faster)

intermediatereactants
products

rate-determining step = highest Ea barrier (slowest elementary step)

The rate equation reflects the species in the rate-determining (slowest) step; an
intermediate is made then used up

Finding the orders, and what each graph tells you
The rate equation is rate = k[A]m[B]n, where m and n are the orders with respect
to each reactant. They are found experimentally — never from the stoichiometric
equation. The overall order is m+ n, and it fixes the units of k:

Overall order Units of k

0 mol dm−3 s−1

1 s−1

2 mol−1 dm3 s−1

3 mol−2 dm6 s−1

Derive them rather than memorising: rearrange the rate equation for k and cancel.

From initial-rate data. Compare two experiments in which only ONE concentra-
tion changes:

• concentration ×2, rate unchanged → zero order;
• concentration ×2, rate ×2 → first order;
• concentration ×2, rate ×4 → second order.

A-Level Chemistry • 26.1 Rate equations, orders of reaction and rate constants 3
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From graphs, which the exam asks you to recognise:

Graph Zero order First order Second order
concentration against
time

straight line,
constant
gradient

curve with a
constant
half-life

curve, half-life
doubles each
time

rate against
concentration

horizontal line straight line
through the
origin

upward curve

The constant half-life is the single most useful signal: measure t1/2 from the first
half of the decay and again from the next, and if they agree the reaction is first order
in that reactant.

Worked example. In three experiments, doubling [A] doubles the rate; tripling [B]
multiplies the rate by nine. Give the rate equation, the overall order and the units of
k.

1. [A]: rate ∝ [A]1, so first order.
2. [B]: 3n = 9, so n = 2, second order.
3. rate = k[A][B]2; overall order = 3.

4. k =
rate

[A][B]2 =
mol dm−3 s−1

(mol dm−3)3
= mol−2 dm6 s−1.

The rate-determining step. The orders give the composition of the slowest step:
an order of 1 in A and 2 in B means the rate-determining step involves one A and
two B. A species that appears in the equation but NOT in the rate equation enters
after the rate-determining step — a catalyst, or a fast subsequent step.

2 Practice
2.1 State what is meant by the overall order of a reaction. [1]

2.2 State how the half-life of a first-order reaction changes as the reaction proceeds. [1]

2.3 State the units of k for a reaction that is first order overall, and show how you
obtained them. [2]

A-Level Chemistry • 26.1 Rate equations, orders of reaction and rate constants 4
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2.4 A concentration–time graph is a straight line. State the order and explain how you
know. [2]

2.5 Explain why the orders cannot be deduced from the stoichiometric equation. [2]

3 Exam-style questions
3.1 A reaction is first order in A and second order in B. Its overall order is: [1]

• A 1
• B 2
• C 3
• D 0

3.2 A first-order reaction has a half-life of 50 s. Its rate constant is (k = 0.693/t1/2): [1]

• A 0.014 s−1

• B 0.0139 s−1

• C 36 s−1

• D 50 s−1

A-Level Chemistry • 26.1 Rate equations, orders of reaction and rate constants 5
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3.3 Experiment data for A + B → products:

[A] [B] initial rate
0.10 0.10 2.0× 10−3

0.20 0.10 4.0× 10−3

0.20 0.20 1.6× 10−2

(a) Deduce the order with respect to A and to B. [2]

(b) Write the rate equation and calculate the rate constant k (with units). [3]

3.4 The rate equation for a reaction is rate = k[X]. A proposed mechanism has two steps.
State which step must be rate-determining and why. [2]

3.5 The reaction P+2Q → R was investigated at constant temperature. The initial rates
are shown.

experiment [P] / mol dm−3 [Q] / mol dm−3 initial rate / mol dm−3 s−1

1 0.10 0.10 2.0× 10−4

2 0.20 0.10 4.0× 10−4

3 0.20 0.30 3.6× 10−3

(a) Deduce the order with respect to P, showing which experiments you used. [2]

A-Level Chemistry • 26.1 Rate equations, orders of reaction and rate constants 6
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(b) Deduce the order with respect to Q, showing your reasoning. [2]

(c) Write the rate equation and state the overall order. [2]

(d) Calculate the value of k and give its units. [3]

(e) The accepted mechanism has a rate-determining step involving one P and two Q.
Explain how your rate equation supports this. [2]

(f) A concentration–time graph for a different reactant, S, shows successive half-lives of
40 s, 40 s and 41 s. Deduce the order with respect to S and explain your reasoning. [3]

A-Level Chemistry • 26.1 Rate equations, orders of reaction and rate constants 7
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Solutions
2.1 the sum of the orders with respect to each reactant (m+ n).

2.2 it stays constant (independent of concentration).

2.3 Rearranging, k =
rate
[A]

, so the units are mol dm−3 s−1

mol dm−3 = s−1.

2.4 Zero order; the rate is independent of concentration, so the concentration falls at a
constant rate and the graph has a constant gradient.

2.5 The orders depend on the mechanism, specifically on the species in the rate-determining
step; the stoichiometric equation only gives the overall ratio of reactants to products, and
says nothing about the steps.

3.1 C. Overall order = 1 + 2 = 3.

3.2 B. k = 0.693/50 = 0.0139 s−1.

3.3 (a) A: doubling [A] (rows 1→2) doubles the rate → first order; B: doubling [B] (rows
2→3) makes the rate ×4 → second order.

(b) rate = k[A][B]2; k =
2.0× 10−3

(0.10)(0.10)2
= 2.0 mol−2dm6s−1.

3.4 the first step (or whichever contains only X) must be rate-determining; because only
X appears in the rate equation, so the slow step involves X.

3.5 (a) Experiments 1 and 2: [Q] is constant, [P] doubles and the rate doubles; so the
reaction is first order in P.
(b) Experiments 2 and 3: [P] is constant, [Q] trebles and the rate rises by a factor of 9;
since 32 = 9, the reaction is second order in Q.
(c) rate = k[P][Q]2; overall order 3.

(d) Using experiment 1: k =
2.0× 10−4

(0.10)(0.10)2
= 2.0 ; units mol−2 dm6 s−1.

(e) The rate equation is first order in P and second order in Q, and the orders give the
number of each species in the rate-determining step, so one P and two Q is exactly what
the equation predicts.
(f) First order in S; the half-life is constant within experimental error, and a constant
half-life is the characteristic of a first-order decay.

A-Level Chemistry • 26.1 Rate equations, orders of reaction and rate constants 8
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A-Level Chemistry: w25 41Name: A-Level Chemistry: w25 41Name: 8

9701/41/O/N/25© UCLES 2025

3 (a) Solid manganese(IV) oxide, MnO2, catalyses the decomposition of hydrogen peroxide.

2H2O2(aq)    2H2O(l)  +  O2(g)

  State the type of catalysis for this reaction. Explain your answer.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (b) Hydrogen peroxide reacts with iodide ions in acidic conditions as shown.

H2O2  +  2I–  +  2H+    2H2O  +  I2

  The initial rate of this reaction is investigated with different concentrations of H2O2, I
– and H+. 

The results obtained are shown in Table 3.1.

Table 3.1

experiment [H2O2] / mol dm–3 [I–] / mol dm–3 [H+] / mol dm–3 initial rate / mol dm–3 s–1

1 0.0450 0.0300 0.0125 2.42 × 10–3

2 0.0225 0.0600 0.0125 2.42 × 10–3

3 0.0225 0.120 0.0125 4.84 × 10–3

4 0.0450 0.120 0.0500 9.68 × 10–3

  (i) Use the information in Table 3.1 to deduce the rate equation for this reaction.

   Explain your reasoning.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [4]

  (ii) Use your rate equation from (b)(i) and the data from Experiment 1 to calculate the rate 

constant, k, for this reaction. Include the units of k.

 k = .............................. units .............................. [2]
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A-Level Chemistry: w25 41Name: 9
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 (c) The rate of the thermal decomposition of azomethane, CH3N=NCH3, is investigated.

CH3N=NCH3    N2  +  C2H6

  Fig. 3.1 shows the results obtained. The reaction is first order with respect to CH3N=NCH3.

0.06

0.05

0.04

0.03

0.02

0.01

0
0 50 100 150 200 250 300 350 400

[CH3N=NCH3] / mol dm–3

time / s

Fig. 3.1

  (i) Use Fig. 3.1 to calculate two half-lives, t
2

1 , to show that the reaction is first order.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]

  (ii) Use your answer to (c)(i) to calculate the rate constant, k, for the decomposition of 

azomethane.

 k = .............................. s–1 [1]

 (d) Describe the effect of increasing temperature on the rate constant and on the rate of a 

reaction.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 [Total: 11]
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A-Level Chemistry: w25 42Name: 4

9701/42/O/N/25© UCLES 2025

2 Ethanal, CH3CHO, reacts with nitrogen dioxide, NO2. The products of the first step of this reaction 

are a CH3C
• 
=O radical and a molecule of nitrous acid, HNO2.

CH3CHO + NO2  CH3C
• 
=O + HNO2

 (a) (i) Use two words to complete the sentence.

This reaction involves ........................................ ........................................ of the single 

covalent bond between a hydrogen atom and a carbon atom in CH3CHO.

 [1]

  (ii) The hydrogen atom mentioned in (a)(i) forms a covalent bond with one of the oxygen 

atoms of an NO2 molecule. An NO2 molecule has a single, unpaired electron on the 

nitrogen atom. All electrons are paired in an HNO2 molecule.

   Draw dot-and-cross diagrams of NO2 and HNO2 in the boxes. Show outer shell electrons 

only.

NO2    
HNO2

 [1]

  (iii) Use VSEPR theory to predict the bond angle at the nitrogen atom in an HNO2 molecule.

 bond angle = .............................. [1]

 (b) The rate equation for the reaction between CH3CHO and NO2 is shown.

rate = k [CH3CHO][NO2]

  Under certain conditions, when the concentrations of both CH3CHO and NO2 are 0.200 mol dm–3, 

the rate of the reaction is 1.53 × 10–4 mol dm–3 s–1.

  Calculate the value of the rate constant, k, under these conditions. Give the units of k.

 k = .............................. units .............................. [2]
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 (c) The reaction mixture described in (b) is monitored over a period of time.

  Predict whether the graph of [NO2] against time shows a constant half-life.

  Explain your answer.

prediction  ..................................................................................................................................

explanation  ...............................................................................................................................

 ...................................................................................................................................................

 [1]

 (d) NO2 also reacts with ozone, O3.

  The rate equation is shown.

rate = k1[NO2]

  Under certain conditions, the value of k1 is 0.0848 s–1.

  The reaction has a constant half-life under these conditions.

  Calculate the half-life in seconds.

half-life = .............................. s [1]

 (e) NO2 is present in the exhaust gases of cars. It can react with carbon monoxide, CO, on the 

surface of a heterogeneous catalyst in the car’s catalytic converter.

  Describe the mode of action of this heterogeneous catalyst.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 [Total: 9]
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A-Level Chemistry: w25 44Name: 12

9701/44/O/N/25© UCLES 2025

4 (a) Nitrogen monoxide, NO, reacts with hydrogen, as shown in reaction 3.

  reaction 3 2NO  +  2H2    N2  +  2H2O

  (i) The rate equation for reaction 3 is shown.

rate = k[H2][NO]2

   Complete Table 4.1.

Table 4.1

the order of reaction with respect to [H2]

the order of reaction with respect to [NO]

the overall order of the reaction

 [1]

  (ii) Predict how the initial rate for reaction 3 changes when the concentration of NO is halved.

 .....................................................................................................................................  [1]

  (iii) Predict how the initial rate for reaction 3 changes when the concentrations of NO and H2 

are both increased three times.

 .....................................................................................................................................  [1]

  (iv) Suggest why reaction 3 is unlikely to proceed by a mechanism involving only a 

single step.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

  (v) Suggest equations for the three steps of the reaction mechanism for reaction 3.

   Each step involves a reaction between two molecules.

   step 1 ..................................................    ..................................................

   step 2 ......................  +  ......................    N2O  +  .....................................

   step 3 N2O  +  .....................................    ....................... + .......................

 [2]

  (vi) Suggest the role of N2O in this mechanism.

   Explain your reasoning.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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 (b) Iodine, I2, reacts with thiosulfate ions, S2O3
2–, as shown in reaction 4.

  reaction 4 2S2O3
2–  +  I2    S4O6

2–  +  2I–

  Reaction 4 is carried out in the presence of a large excess of I2. Under these conditions, the 

reaction is first order with respect to [S2O3
2–] and zero order with respect to [I2].

  The half‑life, t1

2

 , for reaction 4 is 720 s under certain conditions.

  Calculate the value of the rate constant, k, for reaction 4. Include the units of k.

 k =  ....................... units ......................... [1]

 (c) The reaction between iodide ions, I–(aq), and peroxydisulfate ions, S2O8
2–(aq), is catalysed 

by Co3+(aq). The mechanism is similar to the mechanism of this reaction when Fe3+(aq) is 

used as the catalyst.

  (i) State the type of catalysis that occurs in this reaction.

   Explain your reasoning.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

  (ii) Write two equations to show how Co3+(aq) catalyses this reaction.

equation 1  .........................................................................................................................

equation 2  .........................................................................................................................

 [2]

  (iii) Suggest why this reaction is slow in the absence of Co3+(aq).

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

[Total: 12]
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2 A student uses the following method to investigate the kinetics of the reaction between iodine and 

tin to produce tin(IV) iodide, SnI4.

 step 1 Rinse a block of tin with distilled water and then rinse it with propanone.

 step 2  Place 50 cm3 of a 0.400 mol dm–3 solution of iodine dissolved in methylbenzene in a 

100 cm3 beaker.

 step 3  Suspend the block of tin from a three decimal place balance as shown in Fig. 2.1. Start a 

timer.

 step 4 Record the balance reading every 100 seconds.

block of tin

wire

iodine dissolved

in methylbenzene

balance

4.979

Fig. 2.1

 (a) (i) Suggest why the student rinses the block of tin with propanone after rinsing it with 

distilled water in step 1.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

  (ii) Suggest why water is not used as the solvent for iodine.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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  (iii) Suggest why a three decimal place balance is more suitable than a two decimal place 

balance for this experiment.

 .....................................................................................................................................  [1]

  (iv) Suggest a control experiment that could be used to verify that the loss in mass of tin is 

caused by reaction with iodine and not any other factor.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 (b) The student’s results are shown in Table 2.1.

  Complete Table 2.1.

Table 2.1

time / s balance reading / g
total mass of tin 

reacted / g

0 4.979 0.000

100 4.910

200 4.859

300 4.761

400 4.688

500 4.620

 [1]

 (c) (i) Use the results from Table 2.1 to plot a graph on the grid in Fig. 2.2 to show the 

relationship between total mass of tin reacted and time.

   Use a cross (×) to plot each data point. Draw a straight line of best fit.
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total mass

of tin

reacted / g

time / s

0 100 200 300 400 500
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Fig. 2.2

 [2]

  (ii) Circle the point on the graph in Fig. 2.2 that you consider to be most anomalous.

   Suggest one reason why this anomaly may have occurred during this experimental 

procedure.

   Assume all measurements of mass are accurate.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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 (d) Use your graph in Fig. 2.2 to determine the gradient of the line of best fit.

  State the coordinates of both points you used in your calculation. These must be selected 

from your line of best fit.

  Give your gradient to three significant figures.

  coordinates 1 .......................................... coordinates 2 ..........................................

 gradient =  ...............................................................

 [2]

 (e) Another student makes various concentrations of solutions of iodine dissolved in 

methylbenzene by dilution of the 0.400 mol dm–3 I2 solution.

  The student repeats the experiment at a different temperature using these solutions.

Table 2.2

volume of 

0.400 mol dm–3

I2 solution 

used / cm3

volume of 

methylbenzene 

used / cm3

[I2]

/ mol dm–3

relative

rate of

reaction

100.0 0.0 0.400 4.76 

0.300 3.57 

0.200 2.35 

0.100 1.15 

  (i) Complete Table 2.2 by adding the volumes of solutions that are mixed to make 100.0 cm3 

of a solution of iodine dissolved in methylbenzene for each required concentration.

 [1]

  (ii) Identify the independent variable in this experiment.

 .....................................................................................................................................  [1]
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  (iii) The student concludes that the rate equation for the reaction between iodine and tin is 

as follows.

   rate = k [I2]2

   State whether the results support the student’s conclusion.

   Explain your answer using values from Table 2.2.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]

[Total: 14]

 Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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A-LEVEL CHEMISTRY • EXERCISE SHEET

26.2 Homogeneous and heterogeneous
catalysts

Name: Class: Date: Total: 23 marks

KEY WORDS catalyst催化剂 • heterogeneous多相 • heterogeneous catalyst多相催化剂
• homogeneous均相 • homogeneous catalyst均相催化剂

Objective
Build the skills to answer exam questions on the mode of action of catalysts 催化剂
作用方式 — heterogeneous 多相 and homogeneous 均相 catalysis.

You must be able to:

• describe heterogeneous catalysis (adsorption, bond weakening, desorption)
• describe homogeneous catalysis (used in one step, reformed in a later step)
• give the examples in the syllabus

1 Worked examples

Heterogeneous catalysis

catalyst surface

1. adsorb
(stick on)

2. react
(bonds weakened)

3. desorb
(product leaves)

A heterogeneous catalyst works at its surface: adsorption of reactants → bond
weakening → reaction → desorption of products

A-Level Chemistry • 26.2 Homogeneous and heterogeneous catalysts 1

25

homogeneous
(same state,

mixed in)

solid catalyst

heterogeneous
(different state,

a surface)

Homogeneous versus heterogeneous catalysis

Examples: iron in the Haber process; Pt/Pd/Rh in catalytic converters (removing
NOx).

Homogeneous catalysis
A homogeneous catalyst (same state as the reactants) is used in one step and
reformed in a later step. Examples: oxides of nitrogen catalysing SO2 → SO3 in the
atmosphere; Fe2+/Fe3+ catalysing the I−/S2O2−

8 reaction (the Fe ion is regenerated,
so it is a catalyst not a reactant).

2 Practice
2.1 State the three stages of heterogeneous catalysis. [3]

2.2 State what “homogeneous” means for a catalyst. [1]

3 Exam-style questions
3.1 In heterogeneous catalysis, the reactant molecules first: [1]

• A desorb from the surface
• B adsorb onto the catalyst surface
• C dissolve in the catalyst
• D evaporate

A-Level Chemistry • 26.2 Homogeneous and heterogeneous catalysts 2
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3.2 The iron catalyst in the Haber process is an example of a: [1]

• A homogeneous catalyst
• B heterogeneous catalyst
• C reactant
• D product

3.3 Explain how a heterogeneous catalyst speeds up a reaction at its surface. [3]

3.4 Fe2+ catalyses the reaction between iodide ions and peroxodisulfate ions. Explain
why it is described as a homogeneous catalyst, not a reactant. [2]

A-Level Chemistry • 26.2 Homogeneous and heterogeneous catalysts 3
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3.5 Two industrial reactions use catalysts.

• Reaction 1: N2(g) + 3H2(g) ⇌ 2NH3(g) over solid iron.
• Reaction 2: S2O2−

8 (aq) + 2I−(aq) → 2SO2−
4 (aq) + I2(aq), catalysed by Fe3+(aq).

(a) Classify each as homogeneous or heterogeneous, giving your reason. [2]

(b) Describe, in three stages, how the iron catalyst speeds up Reaction 1. [3]

(c) Write the two equations that show how Fe3+ catalyses Reaction 2, and state what the
pair of equations shows about the catalyst. [4]

(d) Explain, with reference to the Boltzmann distribution, why a catalyst increases the
rate but not the yield at equilibrium. [3]

A-Level Chemistry • 26.2 Homogeneous and heterogeneous catalysts 4
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Solutions
2.1 adsorption of the reactants onto the surface; reaction (bonds weakened); desorption
of the products.

2.2 it is in the same physical state as the reactants.

3.1 B. Reactants first adsorb onto the catalyst surface.

3.2 B. Solid iron with gaseous reactants is a heterogeneous catalyst.

3.3 reactant molecules adsorb onto the catalyst surface; this weakens their bonds and
holds them close together, lowering the activation energy; the products then desorb,
freeing the surface.

3.4 the Fe2+ is used in one step but is regenerated (reformed) in a later step, so it is not
used up overall — it is a catalyst, in the same (aqueous) state as the reactants.

3.5 (a) Reaction 1 is heterogeneous — the catalyst is a solid and the reactants are gases,
so they are in different phases. Reaction 2 is homogeneous — catalyst and reactants
are all in aqueous solution.
(b) The gases adsorb onto the iron surface at active sites, which weakens the strong N ≡
N and H–H bonds; the adsorbed species are held close together in the right orientation,
so they react; the ammonia then desorbs, freeing the site for more reactant.
(c) 2Fe3+ + 2I− → 2Fe2+ + I2 and 2Fe2+ + S2O2−

8 → 2Fe3+ + 2SO2−
4 . Adding them

gives the overall equation with no iron in it — the catalyst is used in the first step and
regenerated in the second, so it is not consumed. It works because both reactants are
negative ions, which repel each other; Fe3+ offers a route via oppositely charged species.
(d) The catalyst provides an alternative route of lower activation energy; on the
Boltzmann distribution a larger fraction of molecules lies to the right of the new, lower
Ea, so a greater proportion of collisions is successful; it lowers Ea for the forward and
reverse reactions equally, so equilibrium is reached sooner but its position — and the
yield — is unchanged.

A-Level Chemistry • 26.2 Homogeneous and heterogeneous catalysts 5
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3 (a) Solid manganese(IV) oxide, MnO2, catalyses the decomposition of hydrogen peroxide.

2H2O2(aq)    2H2O(l)  +  O2(g)

  State the type of catalysis for this reaction. Explain your answer.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (b) Hydrogen peroxide reacts with iodide ions in acidic conditions as shown.

H2O2  +  2I–  +  2H+    2H2O  +  I2

  The initial rate of this reaction is investigated with different concentrations of H2O2, I
– and H+. 

The results obtained are shown in Table 3.1.

Table 3.1

experiment [H2O2] / mol dm–3 [I–] / mol dm–3 [H+] / mol dm–3 initial rate / mol dm–3 s–1

1 0.0450 0.0300 0.0125 2.42 × 10–3

2 0.0225 0.0600 0.0125 2.42 × 10–3

3 0.0225 0.120 0.0125 4.84 × 10–3

4 0.0450 0.120 0.0500 9.68 × 10–3

  (i) Use the information in Table 3.1 to deduce the rate equation for this reaction.

   Explain your reasoning.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [4]

  (ii) Use your rate equation from (b)(i) and the data from Experiment 1 to calculate the rate 

constant, k, for this reaction. Include the units of k.

 k = .............................. units .............................. [2]
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 (c) The rate of the thermal decomposition of azomethane, CH3N=NCH3, is investigated.

CH3N=NCH3    N2  +  C2H6

  Fig. 3.1 shows the results obtained. The reaction is first order with respect to CH3N=NCH3.

0.06

0.05

0.04

0.03

0.02

0.01

0
0 50 100 150 200 250 300 350 400

[CH3N=NCH3] / mol dm–3

time / s

Fig. 3.1

  (i) Use Fig. 3.1 to calculate two half-lives, t
2

1 , to show that the reaction is first order.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]

  (ii) Use your answer to (c)(i) to calculate the rate constant, k, for the decomposition of 

azomethane.

 k = .............................. s–1 [1]

 (d) Describe the effect of increasing temperature on the rate constant and on the rate of a 

reaction.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 [Total: 11]
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2 Ethanal, CH3CHO, reacts with nitrogen dioxide, NO2. The products of the first step of this reaction 

are a CH3C
• 
=O radical and a molecule of nitrous acid, HNO2.

CH3CHO + NO2  CH3C
• 
=O + HNO2

 (a) (i) Use two words to complete the sentence.

This reaction involves ........................................ ........................................ of the single 

covalent bond between a hydrogen atom and a carbon atom in CH3CHO.

 [1]

  (ii) The hydrogen atom mentioned in (a)(i) forms a covalent bond with one of the oxygen 

atoms of an NO2 molecule. An NO2 molecule has a single, unpaired electron on the 

nitrogen atom. All electrons are paired in an HNO2 molecule.

   Draw dot-and-cross diagrams of NO2 and HNO2 in the boxes. Show outer shell electrons 

only.

NO2    
HNO2

 [1]

  (iii) Use VSEPR theory to predict the bond angle at the nitrogen atom in an HNO2 molecule.

 bond angle = .............................. [1]

 (b) The rate equation for the reaction between CH3CHO and NO2 is shown.

rate = k [CH3CHO][NO2]

  Under certain conditions, when the concentrations of both CH3CHO and NO2 are 0.200 mol dm–3, 

the rate of the reaction is 1.53 × 10–4 mol dm–3 s–1.

  Calculate the value of the rate constant, k, under these conditions. Give the units of k.

 k = .............................. units .............................. [2]
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 (c) The reaction mixture described in (b) is monitored over a period of time.

  Predict whether the graph of [NO2] against time shows a constant half-life.

  Explain your answer.

prediction  ..................................................................................................................................

explanation  ...............................................................................................................................

 ...................................................................................................................................................

 [1]

 (d) NO2 also reacts with ozone, O3.

  The rate equation is shown.

rate = k1[NO2]

  Under certain conditions, the value of k1 is 0.0848 s–1.

  The reaction has a constant half-life under these conditions.

  Calculate the half-life in seconds.

half-life = .............................. s [1]

 (e) NO2 is present in the exhaust gases of cars. It can react with carbon monoxide, CO, on the 

surface of a heterogeneous catalyst in the car’s catalytic converter.

  Describe the mode of action of this heterogeneous catalyst.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 [Total: 9]
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4 (a) Nitrogen monoxide, NO, reacts with hydrogen, as shown in reaction 3.

  reaction 3 2NO  +  2H2    N2  +  2H2O

  (i) The rate equation for reaction 3 is shown.

rate = k[H2][NO]2

   Complete Table 4.1.

Table 4.1

the order of reaction with respect to [H2]

the order of reaction with respect to [NO]

the overall order of the reaction

 [1]

  (ii) Predict how the initial rate for reaction 3 changes when the concentration of NO is halved.

 .....................................................................................................................................  [1]

  (iii) Predict how the initial rate for reaction 3 changes when the concentrations of NO and H2 

are both increased three times.

 .....................................................................................................................................  [1]

  (iv) Suggest why reaction 3 is unlikely to proceed by a mechanism involving only a 

single step.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

  (v) Suggest equations for the three steps of the reaction mechanism for reaction 3.

   Each step involves a reaction between two molecules.

   step 1 ..................................................    ..................................................

   step 2 ......................  +  ......................    N2O  +  .....................................

   step 3 N2O  +  .....................................    ....................... + .......................

 [2]

  (vi) Suggest the role of N2O in this mechanism.

   Explain your reasoning.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]
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 (b) Iodine, I2, reacts with thiosulfate ions, S2O3
2–, as shown in reaction 4.

  reaction 4 2S2O3
2–  +  I2    S4O6

2–  +  2I–

  Reaction 4 is carried out in the presence of a large excess of I2. Under these conditions, the 

reaction is first order with respect to [S2O3
2–] and zero order with respect to [I2].

  The half‑life, t1

2

 , for reaction 4 is 720 s under certain conditions.

  Calculate the value of the rate constant, k, for reaction 4. Include the units of k.

 k =  ....................... units ......................... [1]

 (c) The reaction between iodide ions, I–(aq), and peroxydisulfate ions, S2O8
2–(aq), is catalysed 

by Co3+(aq). The mechanism is similar to the mechanism of this reaction when Fe3+(aq) is 

used as the catalyst.

  (i) State the type of catalysis that occurs in this reaction.

   Explain your reasoning.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

  (ii) Write two equations to show how Co3+(aq) catalyses this reaction.

equation 1  .........................................................................................................................

equation 2  .........................................................................................................................

 [2]

  (iii) Suggest why this reaction is slow in the absence of Co3+(aq).

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

[Total: 12]
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