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1.
The diagram below shows the Maxwell–Boltzmann distribution of molecular energies in a sample of a gas.
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(a)
(i)
State which one of X, Y or Z best represents the mean energy of the molecules.

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

(ii)
Explain the process that causes some molecules in this sample to have very low energies.

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

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

(3)

(b)
On the diagram above, sketch a curve to show the distribution of molecular energies in the same sample of gas at a higher temperature.

(2)

(c)
(i)
Explain why, even in a fast reaction, a very small percentage of collisions leads to a reaction.

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

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

(ii)
Other than by changing the temperature, state how the proportion of successful collisions between molecules can be increased. Explain why this method causes an increase in the proportion of successful collisions.

Method for increasing the proportion of successful collisions ........................

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

Explanation ......................................................................................................

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

(4)

(Total 9 marks)

2.
The gas-phase reaction between hydrogen and chlorine is very slow at room temperature.

H2(g) + Cl2(g) → 2HCl(g)

(a)
Define the term activation energy.

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

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

(2)

(b)
Give one reason why the reaction between hydrogen and chlorine is very slow at room temperature.

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

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

(1)

(c)
Explain why an increase in pressure, at constant temperature, increases the rate of reaction between hydrogen and chlorine.

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

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

(2)

(d)
Explain why a small increase in temperature can lead to a large increase in the rate of reaction between hydrogen and chlorine.

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

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

(2)

(e)
Give the meaning of the term catalyst.

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

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

(1)

(f)
Suggest one reason why a solid catalyst for a gas-phase reaction is often in the form of a powder.

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

(1)

(Total 9 marks)
3.
The curve below represents the distribution of molecular energies at a temperature T1 for a mixture of gases which react with each other. A is the activation energy for the reaction.
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(a)
(i)
Label the vertical axis.

(ii)
Explain the meaning of the term activation energy.
...........................................................................................................................

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

(iii)
Draw a second curve on the same axes, and label it T2, for the same mixture at a lower temperature.

(iv)
By reference to the curves, state and explain in molecular terms the effect of reducing the temperature on the rate of reaction.

Effect .................................................................................................................
Explanation .......................................................................................................

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

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

(8)

(b)
The reaction is repeated in the presence of a catalyst.

Mark on the energy axis a possible activation energy B for the catalysed reaction.

(1)

(c)
Give an example of a catalyst and a reaction which it catalyses.

Catalyst .......................................................................................................................
Reaction using this catalyst ........................................................................................

.....................................................................................................................................
(2)

(d)
Several small pieces of calcium carbonate (an excess) were allowed to react with 
100 cm3 of 0.1 M hydrochloric acid. The volume of carbon dioxide formed during the experiment is shown on the graph below.
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Using the same axes, sketch curves labelled A, B and C for the following experiments which were all carried out at the same temperature as the original experiment:

A
50 cm3 0.2 M hydrochloric acid with an excess of small pieces of calcium carbonate;

B
50 cm3 0.1 M hydrochloric acid with an excess of small pieces of calcium carbonate;

C
50 cm3 0.1 M hydrochloric acid with an excess of powdered calcium carbonate.

(6)

(Total 17 marks)
4.
Nitrogen, hydrogen and oxygen undergo the reactions shown below.
Reaction 1
[image: image4.wmf]2

1

N2(g) + [image: image5.wmf]2

1

O2(g)
[image: image6.wmf]     NO(g)
H[image: image7.wmf] = +91 kJ mol–1

Reaction 2
[image: image8.wmf]2

1

N2(g) + 1[image: image9.wmf]2

1

 H2(g)
[image: image10.wmf]     NH3(g)
H[image: image11.wmf] = –46 kJ mol–1

Reaction 3
H2(g) + [image: image12.wmf]2

1

O2(g)
[image: image13.wmf]     H2O(g)
H[image: image14.wmf] = –242 kj mol–1
Use this information in answering the questions that follow.

(a)
In which, if any, of the reactions above would the percentage yield of products at equilibrium increase if the temperature were to be raised? Explain your reasoning.

Yield increased with increased temperature. ..................................................
Explanation. ....................................................................................................

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

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

(3)

(b)
In which, if any, of the reactions above would the percentage yield of products at equilibrium not increase if the pressure were to be raised? Explain your reasoning.

Yield not increased with increased pressure. .................................................
Explanation. ....................................................................................................

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

(2)


(c)
(i)
In which direction, if any, woud any equilibrium reaction move if H = 0 and the temperature were to be decreased?

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

(ii)
Predict for which of the reactions above the percentage yield of products at equilibrium would be most affected by a change in temperature. Explain your answer.

Reaction most affected by a temperature change. ...........................................

Explanation. .....................................................................................................

..........................................................................................................................
(3)

(Total 8 marks)
5.
In the Haber Process for the manufacture of ammonia, nitrogen and hydrogen react as shown in the equation.

N2(g) + 3H2(g) [image: image15.wmf] 2NH3(g)
∆Hο = –92 kJ mol–1


The table shows the percentage yield of ammonia, under different conditions of pressure and temperature, when the reaction has reached dynamic equilibrium.

	Temperature / K
	600
	800
	1000

	% yield of ammonia at 10 MPa
	50
	10
	2

	% yield of ammonia at 20 MPa
	60
	16
	4

	% yield of ammonia at 50 MPa
	75
	25
	7


(a)
Explain the meaning of the term dynamic equilibrium.

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

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

(2) 

(b)
Use Le Chatelier’s principle to explain why, at a given temperature, the percentage yield of ammonia increases with an increase in overall pressure.

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

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

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

(3) 

(c)
Give a reason why a high pressure of 50 MPa is not normally used in the Haber Process.

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

(1)

(d)
Many industrial ammonia plants operate at a compromise temperature of about 800 K.

(i)
State and explain, by using Le Chatelier’s principle, one advantage, other than cost, of using a temperature lower than 800 K.

Advantage .........................................................................................................

Explanation ......................................................................................................

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

(ii)
State the major advantage of using a temperature higher than 800 K.

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

(iii)
Hence explain why 800 K is referred to as a compromise temperature.

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

(5)

(Total 11 marks)
6.
Methanol can be produced by direct combination of carbon monoxide and hydrogen according to the equation below

CO(g) + 2H2(g) [image: image16.wmf] CH3OH(g)
H[image: image17.wmf] = –91 kJ mol–1


Side reactions can also produce unwanted by-products. 

(a)
Explain why a low temperature and a high pressure favour a high yield of methanol in this reaction.

Low temperature ........................................................................................................

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

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

High pressure .............................................................................................................

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

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

(4)

(b)
The industrial manufacture of methanol using this reaction is carried out at a compromise temperature of 400 °C under a pressure of 20 MPa in the presence of a Cr2O3/ZnO catalyst.

(i)
Justify the use of a compromise temperature.

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

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

(ii)
What effect, other than on the yield, does the use of high pressure have on the reaction?

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

(iii)
Suggest two reasons for using a catalyst in this method for producing methanol.

Reason 1 ...........................................................................................................

Reason 2 ...........................................................................................................

(5)

(Total 9 marks)

