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Section A Industrial Chemistry

Answer ALL parts of the question.

1. (a)  Answer the following short questions :

@

(i)

(iii)

Write TWO half equations for the electrolysis of brine using membrane electrolytic cell in

chloroalkali industry.
(2 marks)

Sketch a labelled diagram for a Maxwell-Boltzmann distribution curve.
(2 marks)

Which one of the following species can be a raw material for manufacturing vitamin C in
industry ?

acetic acid, acetone, formaldehyde, glucose
(1 mark)

(b)  Reaction (I) below shows a process of producing methanol using catalyst at 100 atm and 250°C in

industry :
Reaction (I) : CO(g) + 2H,(g) = CH30H(g)
@) (1) Suggest a suitable catalyst for the reaction.

(i)

(iii)
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2) Suggest why the reaction would proceed slowly in the absence of a catalyst.
3) Explain why the operation pressure in industry for the reaction is set at 100 atm but
not at atmospheric pressure.
(4 marks)

Methanol can also be produced from carbon dioxide, a side product of some industrial
processes, using another catalyst as shown in Reaction (II) below :

Reaction (II) : COy(g) + 3H,(g) = CH;0H(g) + H,0(g)
Based on the given information :
(1) Suggest one reason why Reaction (II) can be considered as greener than Reaction (I).

2) Suggest a potential benefit of Reaction (II) to the environment.
(2 marks)

One of the industrial applications of methanol is to produce ethanoic acid. Write a chemical
equation for the reaction involved.
(1 mark)



(c)  Two sets of experiments (one at 360 K ; another at 345 K) were performed to study the chemical
kinetics of the decomposition of N,Os(g) :

2N,05(g) — 4NO,(g) + O(g)

For each set of the experiments, the variation of Jog r, with log [N,Os(g)]o was plotted and both of
them got a straight line as shown in the graph below :

Representing Unit
[N,Os(2)]o initial concentration of N,Os(g) mol dm™
To initial rate of decomposition of N,Os(g) mol dm™ s~
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It is given that log ro = log k + n log [N,Os(g)]o , where k is the rate constant and n is the order of
reaction with respect to N,Os(g).

1) Given that ¢; and ¢, have the same slope, what can you deduce in terms of chemical kinetics ?
(1 mark)
(ii) From &, deduce the order of reaction with respect to N,Os(g).
(2 marks)
(iii)  From ¢, deduce the rate constant for the reaction at 345 K.
(2 marks)

(iv)  According to the relevant information of the graph, calculate the activation energy of the
reaction.

(Gas constant, R=8.31 J K™ mol™)
(3 marks)

END OF SECTION A
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Section B Materials Chemistry
Answer ALL parts of the question.
2 (a)  Answer the following short questions :

@) The following chemical equation shows how vinyl acetate can be obtained.

2CH;COOH + 2CH,=CH,; + O, -ﬂ——b 2CH3;COOCH=CH, + 2H,0

vinyl acetate

Give TWO reasons why this reaction can be considered as green.
(2 marks)

(ii) Substance W is the component of the exoskeleton of crabs. Part of the structure of W is
shown below :

CH,0H CH,OH CH,OH CH,OH
0) 0)
0) 0 2 0) -
OH O\
OH OH OH
O\l/ NH O\r NH Oﬁ/ NH 0 ﬁ/ NH
(1) Name W.

) With reference to the above structure, suggest why the exoskeleton of crabs is very
hard.
(2 marks)

(iii)  Which one of the following diagrams, A, B, C and D, shows a hexagonal close-packed
structure ? (Only need to write A, B, C or D in your answer.)

B,
:p.....‘. :’...
gl '.p....."
¢ e, »
®-- :p .q:.
‘.‘....‘. :....
‘W@
B

(1 mark)

(b)  The following diagram shows the arrangement of certain liquid crystal molecules between the glass
electrodes of one pixel in a liquid crystal display when no voltage is applied.

glass electrode glass electrode

polariser polariser
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Name the relevant liquid crystal phase. Explain your answer.
(2 marks)

(ii) A voltage is applied to the liquid crystal layer.
@) Draw a diagram to show the expected arrangement of the liquid crystal molecules.
2) Would the pixel appear bright or dark? Explain your answer.
(4 marks)
(iii)  Explain why the liquid crystal display could not operate beyond a certain high temperature.
(1 mark)
(c)  The repeating unit of a polymer X is shown below :
0 (0]
Il I
—O—CH,CH,—0—CH,CH,—0—C—CH=CH—C—
@) Draw the structures of the monomers of X.
(2 marks)
(ii) Compound A joins molecules of X together to form Y. Part of the structure of Y is shown
below :
et
I
E=0=CHCH = 0=CH;CH;= 0= C+ C-= CH=Cami
THZ
-0
"'—O—CHZCH2—O—CH2CH2—O—ﬁ—(II—CH—ﬁ—
O H I 0
(1) Draw the structure of A.
) Comment on the thermal property of Y.
3) Suggest one way to control the rigidity of Y. Explain your answer.
(4 marks)
(iii) Y is used to make the body of a boat.
1) Suggest a moulding method for making the body of the boat.
) Suggest one advantage of using Y over iron in making the body of a boat.
(2 marks)
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Section C  Analytical Chemistry

Answer ALL parts of the question.

3% (a)  Answer the following short questions :

(@)

(i)

(iii)

An ionic compound gives a brick red flame in a flame test. Suggest one cation the compound
may contain.

(1 mark)

Suggest a chemical test to distinguish between K,SOs(aq) and K,SO4(aq).
(2 marks)

What is meant by the ‘R, value’ of a substance in a paper chromatogram ?
(2 marks)

(b)  An experiment was performed to determine the percentage by mass of NaClO;(s) in a sample. 1.63 g
of the sample was dissolved in deionised water and then made up to 250.0 cm®. 10.00 cm® of the
solution was transferred to a conical flask. Then 10 cm® of 1 M KI(aq) and 20 cm’ of 6 M HCl(aq)
were added in the flask. The resulting mixture was titrated with 0.112 M Na,S,0;(aq), adding starch
solution as an indicator at appropriate time. The titration was repeated several times, and the mean
volume of Na,S,0;(aq) required to reach the end point was 27.88 cm’.

@)

(i)

(iii)

(iv)

Describe how the sample dissolved in deionised water can be made up to 250.0 cm’.
(2 marks)

It is known that in the conical flask, C1O; (aq) reacted with I"(aq) in the presence of H'(aq)

to form I,(aq) and Cl (aq). Write an ionic equation for the reaction.
(1 mark)

State the colour change at the end point of the titration.
(1 mark)

The chemical equation for the titration reaction is as follows :

L(aq) +25,05"(aq) — 2I"(aq) + S405> (aq)

Assuming that no other species in the sample would react with I7(aq), calculate the
percentage by mass of NaClOs(s) in the sample.

(Relative atomic masses: O =16.0, Na =23.0, Cl = 35.5)

(3 marks)

(c) A liquid mixture consists of two organic compounds X and Y :

(@)
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X Y
molecular formula C4sHsO C4H;30
boiling point / °C 81.4 79.6

Explain why fractional distillation is NOT a suitable method to separate X from the mixture.
(1 mark)



() )

(iii)
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X gives the following infra-red spectrum and mass spectrum :
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(1) By referring to the infra-red spectrum and the information given in the table below,
deduce one functional group that may be present in X.

Characteristic Infra-red Absorption Wavenumber Ranges

(Stretching modes)
Bond Compound type Wavenumber range / cm™
C=C | Alkenes 1610 to 1680
C=0 | Aldehydes, ketones, carboxylic acids and derivatives 1680 to 1800
C=C | Alkynes 2070 to 2250
C=N | Nitriles 2200 to 2280
O-H | Acids (hydrogen-bonded) 2500 to 3300
C-H | Alkanes, alkenes, arenes 2840 to 3095
O-H | Alcohols (hydrogen-bonded) 3230 to 3670
N-H | Amines 3350 to 3500

2) By referring to the mass spectrum, suggest one chemical species corresponding to each
of the signals at m/z =43 and 55.

3) According to (1) and (2) above, draw a possible structure of X.
(4 marks)

Compound Y shows a positive result in 2,4-dinitrophenylhydrazine test, and a negative result
in Tollens’ reagent test. Deduce what Y may be.
(3 marks)

END OF SECTION C
END OF PAPER
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