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1 Methanol can be manufactured from carbon dioxide and hydrogen as
shown by the equation below.

CO,(g9) + 3H,(g) = CH;0OH(g) + H,0(g) AH = —49kJ mol~!
The most common catalyst is a mixture of solid copper and zinc oxides
and the reaction is usually carried out at a pressure of 50-100 atm and a

temperature of 250°C.

(a) Explain why this is an example of heterogeneous catalysis.

[1]

(b) The distribution of molecular energies in the reaction mixture at 250°C
is shown below.

number
of particles

\

energy

(i) What name is given to this type of distribution?

[1]

(ii) Sketch, on the axes above, the distribution of molecular energies
for the reaction at a temperature of 450°C. [3]
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(c) Define the following terms.

Activation Energy:

[2]

Catalyst:

[2]

The graph below shows the relative positions of the activation energy for
the reaction without a catalyst (E,) and with a catalyst (E,CAT).

number
of particles

\

| |
E,CAT E,

energy

(d) With reference to the graph above, explain why adding a catalyst
increases the rate of formation of methanol.

[2]
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(e) (i) Using your knowledge of equilibrium, state and explain what
would happen to the yield of this reaction if a higher pressure

was used.

You will need to refer to the equation for the production of
methanol.

CO,(g) + 3H,(g) = CH;OH(g) + H,0(g)

[2]

(ii) State one disadvantage of using high pressures in industry.

[1]

12302.03R 4



2 Buta-1,3-diene reacts with hydrogen to form butane as shown in the

equation below.

LT
c|:=c—c=c|: + 2H—H
H H

The standard enthalpy (AH®) for this reaction is —240kJ mol-".

T
H—?— — —?—H
H H

The table below gives information about some of the bonds involved in this

reaction.
Bond cC—C H—H C—H
Average bond enthalpy /kJ mol~ 347 439 413

(a) Define the term average bond enthalpy.

[2]

(b) Using the data in the table and the standard enthalpy for this reaction,
calculate a bond enthalpy value for the C—=C bond.

You are advised to show your working.

12302.03R
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(c)

12302.03R

The equation below shows the standard enthalpy of formation of
buta-1,3-diene.

4C(s) + 3H,(g) = C,H4(9)
The information below gives some standard enthalpy data.
C(s) + O,(g) = CO,(9) AH® = -393.5kJ mol™’
Hy(9) + 20,(9) = H,O() AH® = 286 kJ mol-!

C,He(@) + 510,(g) = 4CO,(g) + 3H,0()  AH? = -2542kJ mol-"!

(i) What are standard conditions? Include units in your answer.

Pressure:

Temperature: [2]

(ii) State Hess’s Law.

[2]

(iii) Using the information above, complete the Hess cycle by adding

the correct value in kJ mol~! for each reaction in the box. The last
one has been done for you.

4C(s) + 3H,(9) - C,Hg(9)

—2542

4C0OLQ) +  3H,0()

[2]

Examiner Only
Marks | Remark




(iv) Using the Hess cycle from (c)(iii), calculate the standard enthalpy
of formation of buta-1,3-diene (C,Hy).
You are advised to show your working.

kd mol" [2]

12302.03R 7 [Turn over



3 Acalorimeter is set up as shown below. Paraffin wax was placed in a
container with a wick to allow it to burn. A copper can containing 150g of

water was placed above the paraffin wax.

thermometer

copper can

clamp
stand

1509 of water

wick

<)

:

\
@;

container with

paraffin wax

. Iaa—— N

A student carried out an experiment, the results of which are shown below.

© CCEA

Initial mass of paraffin wax 28.5¢g
Final mass of paraffin wax 2749
Mass of paraffin wax used

Initial water temperature 20°C
Final water temperature 84°C

Increase in temperature

(a) Complete the table above by calculating the mass of paraffin wax
used and the increase in temperature during the experiment.

12302.03R
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(b) Calculate the heat energy released by the combustion of the paraffin
wax. The specific heat capacity of water is 4.2J g~'°C-1. Give your
answer in kilojoules.

You are advised to show your working.

kJ [3]
(c) (i) The main component of paraffin wax has the formula C,,Hg,.
Calculate the relative formula mass (RFM) of C,,Hg,.
[1]
(if) Calculate the number of moles of paraffin wax used in this
experiment.
moles [1]

(d) Using the answers to parts (b) and (c)(ii), calculate the molar enthalpy
of combustion of paraffin wax in kJ mol-'.

kJ mol" [1]

(e) Suggest one source of error in this experiment and how this could be
minimised.

[2]
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4 Titrations can be used to find the concentration of an unknown solution.
The main pieces of apparatus involved are a burette, a pipette, a safety
pipette filler and conical flasks.

(@) The reading from a burette should be taken at the lowest point at the
top of the liquid.

(i) What name is given to the curvature of the solution in the burette
as shown below?

[1]

N
o

N
-

N
N

curvature —_

N
w

N
N

D
A

© Martyn F. Chillmaid / Science Photo Library

(i) What is the reading on the burette above?

cm? [1]

12302.03R 10



(b) A science technician has a bottle of hydrochloric acid, but is unsure of

12302.03R

its exact concentration. She decides to carry out a titration with a
standard solution of 0.1M potassium hydroxide to find the
concentration of the acid. First the technician has to prepare the 0.1M
standard solution of potassium hydroxide from its solid.

(i) What is meant by the term standard solution?

[1]

(if) Calculate the mass of solid potassium hydroxide (KOH) needed to
make 1dm?3 of 0.1M potassium hydroxide solution.

mass: g [2]

(iii) Describe the method the technician should use to accurately
prepare 1dm3 of a standard solution of 0.1M potassium
hydroxide.

Quality of written communication will be assessed in this
question.

[6]

1"
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(iv) The technician then fills the burette with the standard solution

and places 25cm? of acid into the conical flask.

Suggest a suitable indicator that she should add to the acid in
the conical flask.
Give the colour change at the end point.

Indicator:

Colour change:

to

[3]

(v) The technician collected the following results from her titrations.
Complete the table by filling in the missing titre values.

Initial burette

Final burette

; 3
reading /cm3 reading /cm3 Titre /em
Rough 0.0 23.5 23.5

18t accurate 23.5 46.5
2"d accurate 0.0 22.8

[1]

(vi) Calculate the mean titre.
cm3 [2]

(vii) Write a balanced symbol equation for the reaction of potassium
hydroxide and hydrochloric acid.

[1]

(viii) Using the information provided and your answer from (vi),
calculate the concentration of the hydrochloric acid used.

12302.03R
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5 The Contact process produces sulfuric acid. There are several stages,
as shown below:

STAGE 1
Production of sulfur dioxide from sulfur and oxygen.

Y

STAGE 2
Production of sulfur trioxide from sulfur dioxide and oxygen.

\ A
STAGE 3
Production of sulfuric acid from sulfur trioxide.

(@) The balanced symbol equation for STAGE 2 is shown below:
2S0,(g) + O,(g) = 2S04(9) AH® = -196 kJ mol~’
(i) State the conditions required for this stage of the process.
Include units in your answer.

Temperature:

Pressure:

Catalyst:

(ii) Platinum was once used as the catalyst for STAGE 2 in the

[3]

Contact process but during the reaction it became poisoned with

arsenic impurities from the feedstock. Explain the process of
catalytic poisoning.

12302.03R 14
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(iii) Draw a reaction profile for STAGE 2 in the Contact process.
Label both axes.

[2]
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(b) The production of sulfuric acid is described as a continuous process.

(i) Explain the term continuous process.

[1]

(if) Suggest two reasons why a company may prefer to manufacture
a chemical by a continuous process.

1.

(c) The costs involved in manufacturing chemicals can be classified as
capital costs, direct costs and indirect costs.

Complete the table below to classify each of the following costs
involved in the Contact process by placing a tick (v) in the appropriate

column.

[2]

Capital cost

Direct cost

Indirect cost

Cost of sulfur

Building the chemical
plant

Cost of electricity to
maintain the process

Sales and advertising

12302.03R
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(d) The following data was obtained for the percentage yields of product

in a similar gaseous reaction at different temperatures and pressures.
Pressure /kPa

200 400 600
3 400 20% 40% 60%
P 500 15% 35% 55%
‘g 600 10% 30% 50%
qé' 700 5% 25% 45%
= 800 0% 20% 40%

(i) Use the table to describe the trends in the percentage yield of
product under the different conditions shown.

[2]

(ii) State the conditions that produce the maximum yield as shown in
the table.

[1]

(iii) If the trends remain the same for all temperatures and pressures,
predict the percentage yield for a temperature of 900°C and a
pressure of 800 kPa.

% [1]

THIS IS THE END OF THE QUESTION PAPER
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