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SECTION  A

Answer all questions in the spaces provided.

1 (a) Define the term standard enthalpy of formation, ∆Hf

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

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

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

(b) Use the data in the table to calculate the standard enthalpy of formation of liquid
methylbenzene, C7H8

7C(s)  +  4H2(g)  → C7H8(l)

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

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

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

(c) An experiment was carried out to determine a value for the enthalpy of combustion of
liquid methylbenzene using the apparatus shown in the diagram.

Burning 2.5 g of methylbenzene caused the temperature of 250 g of water to rise by
60 °C.  Use this information to calculate a value for the enthalpy of combustion of
methylbenzene, C7H8
(The specific heat capacity of water is 4.18 J K–1 g–1.  Ignore the heat capacity of the
container.)

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

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

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

.............................................................................................................................................
(4 marks)

Substance C(s) H2(g) C7H8(l)

Standard enthalpy of combustion, ∆Hc / kJ mol–1 –394 –286 –3909

container

methylbenzene

water (250 g)
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Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

Gas constant R = 8.31 J K–1 mol–1
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15

(d) A 25.0 cm3 sample of 2.00 mol dm–3 hydrochloric acid was mixed with 50.0 cm3 of a
1.00 mol dm–3 solution of sodium hydroxide.  Both solutions were initially at 18.0 °C.

After mixing, the temperature of the final solution was 26.5 °C.

Use this information to calculate a value for the standard enthalpy change for the
following reaction.

HCl(aq)  +  NaOH(aq)  → NaCl(aq)  +  H2O(l)

In your calculation, assume that the density of the final solution is 1.00 g cm–3 and that
its specific heat capacity is the same as that of water.  (Ignore the heat capacity of the
container.)

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

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

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

.............................................................................................................................................
(4 marks)

(e) Give one reason why your answer to part (d) has a much smaller experimental error
than your answer to part (c).

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

.............................................................................................................................................
(1 mark)

Turn over for the next question
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2 The diagram below shows the Maxwell–Boltzmann distribution of molecular energies in a
sample of a gas.

(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 marks)

(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 marks)

(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 marks)

9

X Y Z Energy

Number of
molecules
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3 In the Haber Process for the manufacture of ammonia, nitrogen and hydrogen react as shown
in the equation.

N2(g)  +  3H2(g)          2NH3(g)      ∆H = – 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.

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

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

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

(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 marks)

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

.............................................................................................................................................
(1 mark)

(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 marks)

Turn over �
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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
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4 Iron is extracted from iron(III) oxide in a continuous process, whereas titanium is extracted
from titanium(IV) oxide in a batch process.

(a) Suggest why a high-temperature batch process is less energy-efficient than a
high-temperature continuous process.

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

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

(b) Write an overall equation for the reduction of iron(III) oxide in the Blast Furnace.

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

(c) Write two equations to show how titanium is extracted from titanium(IV) oxide in a
two-stage process.

Equation for stage 1 ..........................................................................................................

Equation for stage 2 ..........................................................................................................
(4 marks)

(d) Give the major reason, other than its production in a batch process, why titanium is a
more expensive metal than aluminium.

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

.............................................................................................................................................
(1 mark)

(e) Give the major reason why aluminium is more expensive to extract than iron.

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

.............................................................................................................................................
(1 mark)

10
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SECTION  B

Answer the question in the space provided on pages 9 to 12 of this booklet.

5 (a) Explain, by referring to electrons, the meaning of the terms reduction and reducing
agent. (2 marks)

(b) Iodide ions can reduce sulphuric acid to three different products.

(i) Name the three reduction products and give the oxidation state of sulphur in
each of these products.

(ii) Describe how observations of the reaction between solid potassium iodide and
concentrated sulphuric acid can be used to indicate the presence of any two of
these reduction products.

(iii) Write half-equations to show how two of these products are formed by reduction
of sulphuric acid. (10 marks)

(c) Write an equation for the reaction that occurs when chlorine is added to cold water.
State whether or not the water is oxidised and explain your answer. (3 marks)
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