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Section A  Industrial Chemistry
Answer ALL parts of the question.
1. ()  Answer the following short questions:

@) ‘What is meant by the term ‘activation energy’ ?
(1 mark)

(i) At room temperature, ethanol can be produced by fermentation of sugars in the presence of
yeast. State the function of yeast, and explain why this function fails at high temperatures.

. (2 marks)
(iiiy  Vitamin C can be obtained from fruits. Explain why it is still necessary to synthesise vitamin
C industrially.
(1 mark)
(iv)  Give TWQ important chemicals manufactured in chloroalkali industry.
(1 mark)

(b}  The kinetics of the following reaction at a certain temperature were studied:
BrO;(aq) + 6I(aq) + 6H'(ag) — 3lxaq) + Braq) +3H,0(l)
Several trials of an experiment were attempted under the same experimental conditions except

varying the initial concentration of BrO;(aq) to measure the initial rate of formation of I(aq). The
following graph shows the experimental results obtained from these trials:
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Initial concentration of BrQ; (aq) / mol dm™

() ‘What is meant by the term ‘initial rate’ ?
{1 mark)

(ii) Suggest a method, with justification, to follow the progress of the formation of Ix(aq).
(2 marks)

(iil)  With reference to the graph above, deduce the order of reaction with respect to BrO; (aq).
(2 marks)
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The table below lists the information for two trials of an experiment on the same reaction
performed at the same temperafure:
Initial concentration / mol dm™ Initial rate of formation of I{aq)
BrO; (aq) I(aq) H'(aq) /mol dm™ 5!
Trial 1 0.17 0.15 0.10 230x% 107
Trial 2 0.17 0.30 0.20 1.84 x 107

(1}  Given that the order of reaction with respect to I"(aq) is 1, deduce the order of

reaction with respect to H'(aq).

(4] Based on Trial 1, deduce the initial rate of reaction with respect to BrO; (aq) under

the experimental conditions,

(3 marks)

(¢}  Read the following passage regarding the Haber process and answer the questions that follow.

Haber process is an important industrial process. It needs natural gas and air as
raw materials. In order to speed up the reaction invelved in Haber process, iron
catalyst in highly porous form is used for increasing the efficiency of the catalyst.
Haber process also needs suitable reaction temperature and pressure. Moreover,
two factors related to chemistry have been considered before setting the cptimal
reaction conditions at about 500 °C and 200 atm. Under these conditions, the
reaction yield at equilibrium is about 20%. Through some designs, without
changing the optimal reaction conditions, the overall conversion percentage of

nitrogen in the process can be increased significantly.

®

(i)

(iii)

(iv)

v

(vi)
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Explain why the Haber process is an important industrial process.
(1 mark)

Why does the Haber process need natural gas as a raw material ?
(1 mark)

Explain why making the catalyst in highly porous form can increase the efficiency of the
catalyst.
{1 mark)

State TWO factors related to chemistry that have been considered before setting the optimal
reaction temperature and pressure.
(2 marks)

Suggest one design so that the overall conversjon percentage of nitrogen in the process can
be increased significantly without changing the optimal reaction conditions.
{1 mark)

The South American country Chile has a lot of natural nitrate mines. History tells us that the
success of the Haber process had led to some impacts on the society of Chile. Suggest one of
these impacts.
{1 mark)
END OF SECTION A
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Section B Materials Chemistry

Answer ALL parts of the question.

2. {a)  Answer the following shart questions:

®

Sketch a unit cell for each of the following metallic crystal structures:
9] cubic close-packed structure

3 body-centred cubic structure
. (2 marks)

(i) State TWO structural features of the molecules of the substances that exhibit liquid crystal
behaviour.
{2 marks)
(iiiy ~ Classify the following plastics into thermoplastics and thermosetting plastics:
polyvinyl chloride, polystyrene, urea-methanal
(1 mark)
(b)  Both silicates and ceramics are important materials having a wide variety of applications.
(i) )] State one common structural feature of silicates and ceramics.
2) State the difference between the ways of obtaining silicates and ceramics.
{2 marks)
(ii) Talc is a commonly used silicate material having the chemical formula Mg;(Sis010)(OH),.
§)) State the chemical formula of the silicate repeating unit of talc.
(2)  Quartz is also a silicate material. Explain why talc and quartz are very different in
hardness.
(4 marks)
(iii)  Suggest why ceramics are suitable for making cufting tools.
(1 mark)
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2. (c)  The diagram below shows a plastic bottle for cough syrup made from polyethene (PE):

)] Suggest a moulding method for making this plastic bottle.
{1 mark)

(i)  Give the TWO common types of PE. Explain, from molecular level, which type of PE is
more suitable in making this plastic bottle.
(2 marks)

(iii)  Explain, from molecular level, why bottles made from poly(ethylene terephthalate) (PET)
would generally be harder than bottles made from PE.
(2 marks)

(ivy  Some people suggest, from the perspective of environmental protection, switching from
using PE and PET to using polylactide (PLA) in making this type of plastic bottles, The
repeating unit of PLA is shown below:

T
O0—C—C
H

(1) Itis known that PLA can be produced from the polymerisation of lactic acid through
esterification. Give the structure of lactic acid.

(2) Explain why the switching might be environmentally friendly.
(3)  Suggest a potential problem of widely replacing PE and PET by PLA.
(3 marks)

END OF SECTION B
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Section C  Analytical Chemistry

Answer ALL parts of the question.

3. (a)  Answer the following short questions:

@

(ii)

Suggest a chemical test to show the presence of each of the following:

(1)  HCKg)

()  >c=0 functional group
: {4 marks)

Which of the following chemicals is most suitable for drying ethyl ethanoate ?

anhydrous magnesium sulphate, concentrated sulphuric acid, solid sodium hydroxide
(1 mark)

(b) A powdered limestone sample mainly consists of CaCQO;, and a small amount of MgCO; and FeCl;.
The following steps were performed in an experiment to determine the percentage of CaCO; by mass
in the sample.

Step 1:
Step2:

Step3:
Step 4 :

Step 5:

Step 6:

®

(ii)

(i)

(iv)
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2,025 g of the limestone sample was added to excess amount of 6 M HCl(aq).

The mixture obtained was gently heated until no signs of further reaction. It was then
allowed to cool to room temperature.

The cooled mixture was diluted with distilled water, and made slightly alkaline by adding
NH;(aq) to precipitate the Fe**(aq) ions present.

The mixture obtained was filtered to collect the filtrate,

Excess ammonium oxalate solution, (NH,),C,04(aq), was added to the filtrate, and the
mixture obtained was then made slightly alkaline by using NHs(aq) to selectively
precipitate the calcium oxalate formed.

The mixture was filtered. After washing and drying, 2.374 g of calcium oxalate solid was
collected.

Why is it necessary to heat the mixture in Step 2 ?
(1 mark)

(1)  How does one know when the reaction involved in Step 2 has been completed ?

(@) State the observation in Step 3.
(2 marks)

It is given that magnesium oxalate is soluble in alkaline solutions but calcium oxalate is not.
Calculate the percentage of CaCO; by mass in the limestone sample.
{3 marks)

State the quantitative analysis method used in this experiment.
(1 mark)



3 (¢}  Under room temperature, T (C,H,0,) is a colourless oily liquid and is immiscible with water.
Moreover, T does not react with NaHCO4(aq).

®

(i)

(iif)

(i)
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A sample of T contains an organic acid as impurity. Outline the experimental steps for
purifying the sample by using NaHCO;(aq) and pentane.
(2 marks)

With reference to the information given below, deduce the functional group{s) that T may
have,

)] T is NOT an ester, and it gives negative result with Tollens’ reagent.

(I} T gives the following infra-red spectrum:

100
g -
:
E o
0 prr [rrrrTeTT [rrrrrrrTe |
3000 2000 1000
Wavenumber / cm™
Characteristic Infra-red Absorption Wavenumber Ranges
(Stretching modes)
Bond | Compound type Wavenumber range / cm™
=C | Alkenes 1610 to 1680
C= Aldehydes, ketones, carboxylic acids and derivatives 1680 to 1800
C=C | Alkynes 2070 to 2250
C= Nitriles 2200 to 2280
O-H | Acids (hydrogen-bonded) 2500 to 3300
C-H | Alkanes, alkenes, arenes 2840 to 3095
O-H | Alcohols, phenols (hydrogen-bonded) 3230 to 3670
N-H | Amines 3350 to 3500

(3 marks)

The mass spectrum of T shows a parent peak at m/z = 134, and a strong peak at each of
m/z=43 and 91. Suggest one chemical species corresponding to each of the signals at
m/z =43 and 134.

(2 marks)
Draw ong possible structure of T.
(1 mark)
END OF SECTION C
END OF PAPER
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