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Section A

Industrial Chemistry

Answer ALL parts of the question.

1.

(a)

(b)

Ammonia can be produced by the Haber process through the reaction of nifrogen and hydrogen at
about 500°C and 200 atm in the presence of a catalyst. The chemical equation for the reaction is
shown below :

Ny(g) + 3Hx(g) = ZNH;(g} AH <0
(i) {1) What is the catatyst used in the Haber process 7

(2) Explain the effect of a catalyst on a chemical reaction.
(3 marks)

(i) Suggest how hydrogen can be obtained for the Haber process, and give a chemical equation
involved.
(2 marks)

(iii)  You are given that for the formation of NHs(g) from N(g) and Hy{g) at 3006°C and 1000 atm,

the vield of NIH;(g) at equilibrium is about 98 %. However, the operation conditions of the

Haber process in industry are set at about 500°C and 200 atm with the yield of NHj(g) at

equilibrium of about 20 %. With reference to the given information, explain why such
operation conditions are chosen in industry.

(2 marks)

(iv)  In the Haber process, the product mixture is removed from the reaction chamber before
reaching the yield of about 20 %. Explain why this is so,
(2 marks)

iethanoi is an imporiant compound in the chemicai industry. Methanol can be produced from
syngas made from methane,

(1) Why is methanol an important compound in the chemical industry ?
{1 mark)

(ii) Write the chemical equation for the reaction in the production of methanol from syngas, and
state the conditions required.
(3 marks)

(iii)  State an advancement of the methanol production technology. Explain why it is considered
as an advancement.
(2 marks)
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1. {c)  Three trials of an experiment were performed at the same temperature for the study of the kinetics of
the following reaction.

The table below shows the data obtained :

2NO(g) + ZHy(g) -» Ny(g) + 2H,0(g)

. Initial concentration of NO(g) | Initial conceniration of H;(g) | Initial rate with respect to Na(g)
Trial 3 3 -3 -1
/ mol dm /mol dm /mol dm™ s
1 2.50 x 107 5.00 x 107 1.20 x 107
2 2.50 x 107 1.00 x 107 2.40 x 10°°
3 125 % 107 1.00 x 107 6.00 x 107
{1 Explain why ‘initial rate” is commonly used in the study of the kinetics of a reaction.
(1 mark)
(ii) Deduce the order of reaction with respect to NO(g) and that to Hy(g).
(2 marks)
(iii)  State the rate equation for the reaction, and calculate its rate constant at the temperature of
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the experiment.

END OF SECTION A

(2 marks)

I Go onto the next page >




Section B Materials Chemistry

Answer ALL parts of the question.

2. {a)  The structures of Kevlar and nylon-6,6 are shown below :

¥
H

M

(i)

(i)

2012-DSE-CHEM 24

i ™~ % P
G O Idn

O

H

Kevlar Nylon-6,6

(D Draw the structures of the monomers for making Kevlar.

(2)  Name the type of reaction for the formation of Kevlar from its monomers,
(3 marks)

Compound A is one of the monomers for making nylon-6,6 in industry. The following
equations show two reactions that can produce A :

H,0,, catalyst

= A+ H,0 Reaction (1)

conc, HNO,

B A+ N0 Reaction (2)

(1) Draw the structure of A,
2) Reaction (1) is considered to be greener than Reaction (2). Suggest THREE reasons.

3) In what aspect are both reactions considered as NOT green 7
(5 marks)

With reference to the structures of Kevlar and nylon-6,6, account for their difference in

mechanical strength.
{2 marks)



2. (b) A part of the structure of naturat rubber is shown below :

®

(i)

© O

(i)
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— CH2 C-H2 —
C= C/
/ N\
CH, H

Natural rubber needs to be treated with sulphur before it can be vsed in making tyres. Name

this treatment process, state its purpose, and explain the principle behind.
(3 marks)

A technician wore a pair of gloves made with natural rubber and performed an experiment
involving bromine. Bromine was spilt onto the gloves and then the gloves became brifile.
Explain the phenomenon.

(2 marks)
Consider the body-centred cubic structure of solid iron.
(1) Draw a unit cell of iron.
(2) Deduce the number of iron atoms in the unit cell.

(2 marks)

With reference to the elements introduced into iron for forming stainless steel, explain why

stainless steel is suitable for making knives.
(3 marks}

END OF SECTION B

3 , | Go on tothe next page >



Section C  Analytical Chemistry
Answer ALL parts of the question.

3. ()  Compound X (molar mass < 118 g} contains a -C¢Hs group. Two chemical tests are performed on X
and the results are as follows :

Test (1} X turns acidified potassium dichromate solution green.
Test (2} ; X gives a negative result when tested with 2,4-dinitrophenylhydrazine.

(i) With reference to the result of Test (1) only, suggest TWO functional groups that X may

have.
(2 marks)
(ii) )] What is the purpose of using 2,4-dinitrophenylhydrazine in Test (2) 7
(2) State the expected observation if X gives a positive result in Test (2).
(2 marks)

(ii)  With reference to the results of both Test (1) and Test (2), suggest one functional group that
may be present in X.
(1 mark)

(iv)  The mass spectrum of X is shown below :

100 108
80 -
ey i
§60~
K=
=
=
5 40+
20 | 91
i e Ll
Illl}lll‘illll'llllgll—'IllllllllrllllIlllli||||i|||I
20 60 80 100
m/z

Suggest one chemical species corresponding to each of the signals at m/z =91 and 108.
(2 marks)

() Draw a possible structure of X.
(1 mark)
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3. (b)  The dioxin levels in air are generally measured through instrumental analysis but not gravimetric
analysis or volumetric analysis.

(i)

(ii)

(i)

Suggest a source of dioxins in air.,
(1 mark)

Explain why there is a need to measure the dioxin levels in air,
(1 mark)

Suggest an instrumental analytical method for measuring the dioxin levels in air, and state
why this method, rather than methods based on gravimetric analysis or volumetric analysis,

is to be used.
(2 marks)

(¢)  An aqueous solution only contains HCHaq) and Hl(ag). Based on the fact that AgCl(s), but not
Agl(s), can dissolve in excess NITy(aq), you are required fo plan a gravimetric analysis to determine
the mole ratio of Cl'(aq) to I'(aq) in the solution.

(0

(i)

(iii)-
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Suggest TWO reagents, other than deionised water, that should be used in the analysis,
o] arlred
{d marks)

Outline the experimental steps involved in the analysis.
{4 marks)

Outline the steps in the calculation of the mole ratio of Cl'(aq) to I'(aq) in the solution using

the data obtained from (ii} above,
(2 marks)

END OF SECTION C

END OF PAPER
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