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Section A
For each question there are four possible answers, A, B, C, and D. Choose the one you consider to
be correct.

1 At a total pressure of 1.0 atm, dinitrogen tetraoxide is 50 % dissociated at a temperature of 60 oC,
according to the following equation.

N2O4

2NO2

What is the value of the equilibrium constant, Kp, for this reaction at 60 oC?
A

1

/3 atm

B

2

/3 atm

C

4

/3 atm

D

2 atm

2 Swimming pool water can be kept free of harmful bacteria by adding aqueous sodium chlorate(I),
NaOCl. This reacts with water to produce HOCl molecules which kill bacteria.

OCl –(aq) + H2O

OH–(aq) + HOCl (aq)

In bright sunshine, the OCl – ion is broken down by ultra-violet light.
OCl –(aq) + uv light → Cl –(aq) + ½O2(g)
Which method would maintain the highest concentration of HOCl (aq)?
A

acidify the pool water

B

add a solution of chloride ions

C

add a solution of hydroxide ions

D

bubble air through the water

3 In the Contact process for the production of sulphuric acid, sulphur dioxide is mixed with air and
passed over a vanadium(V) oxide catalyst at about 450 oC and a pressure slightly above
atmospheric pressure.

2SO2 + O2

2SO3 ; ∆H negative

What affects the choice of conditions for this reaction?
A

A lower temperature would not raise the concentration of SO3 at equilibrium.

B

At a lower temperature of 300 oC the V2O5 catalyst would not be effective.

C

At 450 oC nitrogen and oxygen from the air combine to form nitrogen oxides which are
needed as additional catalysts.

D

The heat generated by the reaction raises the temperature of the catalyst bed to 600 oC at
which temperature the reaction begins to take place.
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4 The dissociation of dinitrogen tetraoxide into nitrogen dioxide is represented by the equation
below.

N2O4(g)

∆H o = +57 kJ mol –1

2NO2(g);

If the temperature of an equilibrium mixture of the gases is increased at constant pressure, will
the volume of the mixture increase or decrease and why?
A

The volume will increase, but only because of a shift of equilibrium towards the right.

B

The volume will increase, both because of a shift of equilibrium towards the right and also
because of thermal expansion.

C

The volume will stay the same, because any thermal expansion could be exactly
counteracted by a shift of equilibrium towards the left.

D

The volume will decrease, because a shift of equilibrium towards the left would more than
counteract any thermal expansion.

5 An experiment is set up to measure the rate of hydrolysis of methyl ethanoate.

CH3CO2CH3 + H2O

CH3CO2H + CH3OH

The hydrolysis is found to be slow in neutral aqueous solution but it proceeds at a measurable
rate when the solution is acidified with hydrochloric acid.
What is the function of the hydrochloric acid?
A

to dissolve the methyl ethanoate

B

to ensure that the reaction reaches equilibrium

C

to increase the reaction rate by catalytic action

D

to suppress ionisation of the ethanoic acid formed

6 When vanadium(II) compounds are dissolved in water, the following equilibrium is established.

V 2+ + H2O

V 3+ + 1 H 2 + O

–

2

What would alter the composition of the equilibrium mixture in favour of the V 2+ ions?
A

adding an acid

B

adding a reagent that selectively precipitates V3+ ions

C

allowing the hydrogen to escape as it forms

D

making the solution more alkaline
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7 In an industrial process, two gases X and Y react together to form a single gaseous product Z.

X (g) + Y (g)

Z (g)

The percentage yield of product Z varies according to the pressure and the temperature as
shown in the graphs.
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Which statement about this equilibrium reaction is correct?
A

Decreasing the temperature decreases the value of the equilibrium constant.

B

Decreasing the temperature increases the rate of this reaction.

C

Increasing the pressure increases the value of the equilibrium constant.

D

The reaction is exothermic in the forward direction.
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8 At high temperatures, steam decomposes into its elements according to the following equation.

2H2O(g)

2H2(g) + O2(g)

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into
hydrogen and oxygen.
What are the values of the equilibrium partial pressures, in atm, of the components of this
equilibrium?
partial pressure
of steam

partial pressure
of hydrogen

partial pressure
of oxygen

A

0.80 x 1
1.0

0.10 x 1
1.0

0.10 x 1
1.0

B

0.80 x 1
1.0

0.133 x 1
1.0

0.067 x 1
1.0

C

0.80 x 1
1.0

0.20 x 1
1.0

0.10 x 1
1.0

D

0.80 x 1
1.1

0.20 x 1
1.1

0.10 x 1
1.1

9 Which statement concerning the equilibrium reaction below is true?
_

2CrO 42 (aq) + 2H + (aq)

_

Cr2 O 72 (aq) + H 2 O(l)

A

An increase in acid concentration will result in an increase in the concentration of
_
Cr2 O 72 (aq).

B

A redox reaction is taking place.

C

The addition of a catalyst will result in an increase in the concentration of Cr2 O 72 (aq) .

D

The equilibrium constant, Kc, has no units.

_
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10

burette

conical flask

Which of these acid-base (neutralisation) reactions could be titrated using the apparatus shown
above to give a sharp end-point?
A

sulphuric acid and aluminium oxide

B

sulphuric acid and magnesium hydroxide

C

sulphuric acid and magnesium oxide

D

sulphuric acid and sodium hydroxide

11 When 0.20 mol of hydrogen gas and 0.15 mol of iodine gas are heated at 723 K until equilibrium is
established, the equilibrium mixture is found to contain 0.26 mol of hydrogen iodide.
The equation for the reaction is as follows.
H2(g) + I2(g)

2HI(g)

What is the correct expression for the equilibrium constant Kc?
A

2 x 0.26
–––––––––
0.20 x 0.15

B

(2 x 0.26)2
–––––––––
0.20 x 0.15

C

(0.26)2
–––––––––
0.07 x 0.02

D

(0.26)2
–––––––––
0.13 x 0.13
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12 Why is ethanoic acid a stronger acid in liquid ammonia than in aqueous solution?
A

Ammonia is a stronger base than water.

B

Ammonium ethanoate is completely ionised in aqueous solution.

C

Ammonium ethanoate is strongly acidic in aqueous solution.

D

Liquid ammonia is a more polar solvent than water.
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may
be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).
The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

D

1 only
is
correct

No other combination of statements is used as a correct response.

13 Carbon monoxide burns readily in oxygen to form carbon dioxide.

What can be deduced from this information?
1

The +4 oxidation state of carbon is more stable than the +2 state.

2

The standard enthalpy change of formation of carbon dioxide is more negative than that of
carbon monoxide.

3

The value of the equilibrium constant for the reaction, 2CO(g) + O2(g)
be high.

2CO2(g), is likely to
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14 Phosphorus pentachloride is introduced into an empty gas syringe which has a movable, tightlyfitting plunger. The gas is allowed to expand until equilibrium is reached at a temperature at
which the phosphorus pentachloride partially dissociates.

PCl5(g)

self-sealing
cap for
introducing
sample

PCl3(g) + Cl2(g)

gas

plunger

syringe oven

Which statements are correct?
1

The equilibrium pressure inside the syringe will be greater than atmospheric pressure.

2

When the plunger is pushed in the equilibrium adjusts to produce more PCl5(g).

3

The volume of gas in the syringe at equilibrium will be greater than if no dissociation had
occurred.

15 Concentrated sulphuric acid behaves as a strong acid when it reacts with water.

H2SO4(l) + aq → H+(aq) + HSO −4 (aq)
The HSO −4 ion formed behaves as a weak acid.

HSO −4 (aq)

H+(aq) + SO 2−
4 (aq)

Which statements are true for 1.0 mol dm–3 sulphuric acid?
1

[H+(aq)] is high

2

[ SO 2−
4 (aq)] is high

3

[ HSO −4 (aq)] = [ SO 24− (aq)]
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16 A reversible reaction is catalysed.

Which statements about the effects of the catalyst on this system are correct?
1

The catalyst alters the mechanism of the reaction.

2

The catalyst reduces the energy of activation (the energy barrier) for both the forward and
the backward reaction.

3

The catalyst alters the composition of the equilibrium mixture.

17 Which statements are true about the Haber process for the manufacture of ammonia?

1

At higher temperatures, the yield goes down but the rate of production of ammonia is faster.

2

At higher pressures, the yield goes down but the rate of production of ammonia is faster.

3

In the presence of a catalyst, the yield goes down but the rate of production of ammonia is
faster.

18 Hydroxyapatite, Ca5(PO4)3OH, is the main constituent of tooth enamel. In the presence of saliva,
the following equilibria exist.

Ca5(PO4)3OH(s)
HPO42−(aq)

5Ca2+(aq) + 3PO43 −(aq) + OH–(aq)
3−

H+(aq) + PO4 (aq)

Which of the following statements help to explain why tooth enamel is dissolved more readily
when saliva is acidic?
1

The hydroxide ions are neutralised by the acid.

2

The phosphate ion PO43 −(aq) accepts H+(aq)

3

Calcium ions react with acids.

19 Which equations represent stages in the Contact process for manufacturing sulphuric acid?

1

S + O2 → SO2

2

H2O + SO2 → H2SO3

3

1
H2SO3 + 2 O2 → H2SO4
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20 Ammonia is produced commercially by the Haber process in which nitrogen and hydrogen react
as shown.

N2(g) + 3H2(g)

3(g)

; ∆H = – 92 kJ mol–1

Which statements are true of the commercial process?
1

A temperature of 1000 oC is used.

2

A pressure of 100 - 200 atm is used.

3

The yield of ammonia is less than 20 %.

