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Section A Industrial Chemistry

Answer ALL parts of the question.

1 (a)  Answer the following short questions :

0

(i)

(ii)

Consider the following reaction for the production of ethanol by using a certain catalyst in
industry :

CyH(g) + H0(g) = CH;CH,OH(g) AH =45 kI mol™*
Justify, under a pressure of 65 atm, why the operation temperature is set at 300°C with
reference to equilibrium position and reaction rate.

(2 marks)

What does the area under a Maxwell-Boltzmann distribution curve represent ?
(1 mark)

Syngas is an important starting material in many industrial processes.
(1)  State the TWO major constituent gases in syngas.

(2)  Suggest one important chemical that can be made directly from syngas through
catalytic process.

(2 marks)
(b)  Consider the manufacture of ammonia by the Haber process in a chemical plant.
i) Suggest how nitrogen gas can be obtained in industry.
(1 mark)
(ii)  Explain why there is a need to install a heat exchanger in the chemical plant.
(2 marks)
(i)  If 420 kg of nitrogen and 96 kg of hydrogen are introduced into the reaction chamber, and
with the yield of ammonia of 15 %, calculate the mass of ammonia produced.
(3 marks)
(iv)  Nitric acid can also be produced in the chemical plant. Firstly, ammonia is oxidised to give
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nitrogen monoxide, and nitrogen monoxide is further oxidised to nitrogen dioxide. Finally,
oxidation of nitrogen dioxide gives nitric acid. Write the chemical equation for each of the
following reactions :

(0] oxidising ammonia to give nitrogen monoxide

(2)  oxidising nitrogen dioxide to give nitric acid
(2 marks)



1. (c)  The hydrolysis of sucrose can be represented by the following equation :

HCI
CiHpOn(aq) + HO(1) _—'(P_CL)" CsH1206(aq) + CeH1206(aq)
glucose fructose

Sucrose

0] Three trials of an experiment were performed under the same experimental conditions to
study the kinetics of the hydrolysis. The table below shows the data obtained :

Initial concentration of

Initial concentration of

[nitial rate of disappearance of

C;Hx0,5(aq) / mol dm™ | HCl(aq) / mol dm™ C1H2,011(aq) / mol dm™=s™
Trial 1 0.010 0.10 6.0x107
Trial 2 0.020 0.20 24x10°°
Trial 3 0.010 0.30 1.8x 107
(1) Given that the order of reaction with respect to H,O(l) is zero, deduce the order of
reaction with respect to C,;H,;0,,(aq) and that to HCl(aq).
(2) State the rate equation for the reaction.
(3)  Based on the result in Trial 1, calculate the rate constant under the experimental

conditions.

(4 marks)

(ii)  The hydrolysis of sucrose can also be performed by the action of a certain enzyme. Suggest
the function of the enzyme in the hydrolysis.

(1 mark)

(iii)  Enzymatic hydrolysis of starch eventually gives glucose as the only product. According to
the principles of green chemistry, suggest TWO reasons why starch is considered to be more
suitable than sucrose as a source of glucose.
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END OF SECTION A

(2 marks)
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Section B Materials Chemistry
Answer ALL parts of the question.
2, (a)  Answer the following short questions :

(i) Cellulose is a natural polymer and its structure is shown below :

OH ) OH
HO 0 o °
OH o n

Explain why cellulose is considered to be environmentally friendly.

(1 mark)
(if)  State TWO structural characteristics of liquid crystals.
(2 marks)
(iii) A portion of the structure of Kevlar is shown below :
H
0 N N/
H \\C—Q——C/ b
\ < > / A\
0 N N o]
\\C C/ \H
/ %
With reference to the above structure, give TWO reasons why Kevlar is rigid.
(2 marks)
(b)  Gold is a precious metal. The diagram below shows a unit cell of gold crystal.
9
AT = ¥
X
i) Name this type of crystal structure.
(1 mark)
(i)  Calculate the number of gold atoms in the unit cell.
(2 marks)
(i) ~ What is the coordination number of the gold atom labelled X’ ?
(1 mark)
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2:
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(b

()

(iv)

W)

A sample of 18-carat gold is composed of 75% gold, 15% silver and 10% copper. Explain,
from scientific point of view, the advantage of using this sample of 18-carat gold over using

pure gold in making jewellery embedded with diamonds.
(2 marks)

Gold nanoparticles of various size exhibit different colours. Suggest one example of using

gold nanoparticles in architecture.
(1 mark)

Consider the following polymers :

polybutylene terephthalate (PBT), poly(tetrafluoroethene) (PTFE), poly(p-phenylene vinylene) (PPV)

(®

(i

(iii)

The keycap of a computer keyboard is made of PBT. The structure of PBT is shown below :

o) O
I OM/O

(1) Draw the structures of the various monomers of PBT.
(2)  Name the type of polymerisation involved in the formation of PBT.

(3)  Suggest a moulding method for making keycaps for computer keyboards.
(4 marks)

A burette stopcock is made of PTFE. Suggest TWO properties of PTFE rendering it suitable
for making burette stopcocks.
(2 marks)

The conducting layer in an OLED display is made of PPV. The structure of PPV is shown
below :

n

(1) Draw a portion of structure consisting of THREE repeating units of PPV,

2) Would you expect PPV to exhibit optical activity ? Explain your answer.
(2 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 :

)] Give one property of solid sodium hydroxide making it NOT suitable to be weighed for

preparing a standard solution.
(1 mark)

(i) Suggest a chemical test to show the presence of hypochlorite ions in an aqueous solution,

(2 marks)
(iif) . Both cellulose and chitin are natural polymers. Their structures are shown below :
OH g
NH
0
, HO r
A OH 5 o
0 HO 0
HO -
(0]
HO 0 o 0=< OH
o OH B - CH, -
cellulose chitin

By referring to the data given in the table below, suggest one similarity and one chfference
between the infra-red spectra of cellulose and chitin.

Characteristic Infra-red Absorption Wavenumber Ranges
(Stretching modes)

Bond | Compound type Wavenumber range / cm™
C=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
O-H | Alcohols, phenols (hydrogen-bonded) 3230 to 3670
(2 marks)

(b)  The concentration of a Na,Cr,O-(aq) sample A was determined by volumetric analysis; while the
concentration of another Na,Cr,0O,(aq) sample B was determined by colorimetry.

() 25.00 cm’® of sample A was transferred to a conical flask and acidified with dilute HSO4(aq).
Then the mixture was titrated with 0.0642 mol dm™ Fe’"(aq) solution with a suitable
indicator. It required 26.88 cm’ of the Fe**(aq) solution to reach the end point.

(1) Write a balanced equation for the reaction involved.

2) Calculate the concentration of Na,Cr,0-(aq) in A.
(3 marks)
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3. (by (i)

(iif)

In colorimetry, various standard Cr;0,%(aq) solutions were first prepared, and then the
absorbance of these solutions were measured with a colorimeter installed with a blue filter.
The calibration curve below shows the variation of absorbance with the concentration of

Cr,0;"(aq) ions.

(D
2

3)

absorbance

0.0004
[Cr,07"(aq)] / mol dm™

Suggest why a blue filter was used.

With reference to the above calibration curve, state the relationship between
absorbance and [Cr,0,>"(aq)]-

Sample B was diluted 100 times. The absorbance of the diluted solution was
measured as 0.26 by the colorimeter. Based on the information given from the above

calibration curve, calculate the concentration of Na,Cr,04(aq) in B.
(4 marks)

Explain whether volumetric analysis or colorimetry is more appropriate in determining the
concentration of a very dilute Na,Cr,0,(aq), such as around 10~ mol dm™.

(1 mark)

(¢) Xand Y are isomeric compounds with their structures shown below :

0

(i)
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Suggest, with explanation, how X and Y can be differentiated from their respective mass
spectra.

(2 marks)

The melting point of X is 50 °C while that of Y is 77°C. Both of them are insoluble in water
but soluble in dichloromethane. When treated with dilute Na,COs(aq), no reaction occurs for
X but reaction occurs for Y to form a soluble salt.

(D

@)

You are provided with dilute Na,COs(aq) and dilute H;SOu(ag). Outline an
experimental procedure, based on solvent extraction, to separate solid Y from a
solution of X and Y in dichloromethane.

Suggest how you can identify that the solid obtained in (1) is pure compound Y.
(5 marks)

END OF SECTION C
END OF PAPER
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