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This section consists of two parts. There are 24 questions in PART I and 12 questions in PART IL

Choose the best answer for each question.

Candidates may refer to the Periodic Table printed on page 20 of Question-Answer Book B.

PART I
1. Which of the following statements is correct ?
A. All aqueous solutions contain H(aq) ions.
B. The pH of all acid solutions is greater than zero.
C. All acidic compounds contain hydrogen as their constituent elements.
D. A ‘corrosive’ hazard warning label must be displayed on all reagent bottles containing
acid solution.
2. Which of the following processes would NOT give oxygen ?
A. heating mercury(Il) oxide strongly
B. electrolysis of dilute sulphuric acid
C. fractional distillation of liquefied air
D. passing steam over heated magnesium
3. Element Q belongs to Group II of the Periodic Table. It combines with element R to give an ionic

compound with chemical formula Q;R,. Which group of the Periodic Table does R belong to ?

A Group I1I
B. Group V
C. Group VI
D. Group VII
4, Which of the following salts CANNOT be prepared from the reaction of a metal with a dilute acid ?
A. zinc sulphate
B. iron(Il) chloride
C. calcium chloride
D. copper(Il) sulphate
5. A gel containing NaCl(aq), K;Fe(CN)s(aq) and phenolphthalein is yellow in colour. An iron nail is put

into the gel and corrodes after a period of time. Which of the following colours would NOT be observed
in the gel after the iron nail corrodes ?

A blue
B. pink
C grey
D yellow
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6. The conversion of nitrogen gas to nitric acid involves the following steps :

Step 1 Step 2 Step 3 Step 4
NZ » NH3 > NO > NOZ —‘—'—’HNO3

In which step is nitrogen reduced ?

A. Step 1
B. Step 2
C. Step 3
D. Step 4
7. Consider the following set-ups :
(M )
aluminium board copper board
iron hook (1) iron hook (2)
(3) 4
aluminium board iron board
copper hook (3) copper hook (4)
Which hook would corrode first ?
A. iron hook (1)
B. iron hook (2)
C. copper hook (3)
D. copper hook (4)

8. In an experiment, 25.0 cm® of HCl(aq) is measured with apparatus X and is placed in apparatus Y. The
HCl{(aq) in Y is then titrated with a standard NaOH(aq). Which of the following combinations is
correct ?

X Y
A. measuring cylinder beaker
B. measuring cylinder conical flask
C. pipette beaker
D. pipette conical flask
9. In an experiment to prepare calcium sulphate, excess dilute sulphuric acid is added to 10.0 cm® of

1.0 mol dm™ calcium nitrate solution. Which of the following is the theoretical mass of the calcium
sulphate obtained ?

(Relative atomic masses: O =16.0, S =32.1, Ca=40.1)

A. 0.68¢g
B. 1.36 g
C. 272¢g
D. 4.08¢g
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10. The structure of a certain polymer is shown below :

CH,CH, CH,CH;

H H
| |
C C
| |
H H

| |
H H

Which of the following is the systematic name of the monomer of this polymer ?

A. propene
B. but-1-ene
C. but-2-ene
D. methylpropene
11. In the species below, the underlined atom is the central atom, and all non-central atoms have octet

electronic arrangement.  In which of them does the central atom NOT have octet electronic arrangement ?

A. SF,

B. CF,

C. CS,

D. NCl,

12. Consider the following reactions :

0 CO,(g) + CaO(s) — CaCOxs(s)
(2)  NHi(g) + HBr(g) —  NH,Br(s)
3) HF(aq) + NaOH(aq) — NaF(aq)
4) NaHCO;(aq) + HCl(aq) — NaCl(aq)

AH,
AH,
+ H0() AH;
+ COx(g) + HO() AH,

Which of the following represents enthalpy change of neutralisation ?

A. AH;
B. AH,
C. AH;
D. AH,
13. An electrolysis experiment is conducted using the set-up shown below :

carbon electrode X

very dilute NaCl(aq) + litmus indicator

carbon electrode Y

What are the expected colours around X and Y after the experiment has been conducted for some time ?

X Y

A. yellow red

B. red blue
C. blue red

D. red yellow
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14. Consider the following information concerning metals W, X, Y and Z :

¢)) Heating oxide of W gives metal W.

(2) Heating metal X in steam gives a colourless gas.

3) Putting metal Y in CH;CO,H(aq) gives a colourless gas.
) Putting metal Z in CuSO,(aq) gives a reddish-brown solid.

Which of these metals has the lowest reactivity ?

A. w

B. X

C. Y

D. Y/
IS. Which of the following statements concerning ‘atom’ is correct ?

A. All atoms do not carry net charges.

B. Mass is evenly distributed within an atom.

C. All atoms consist of protons, neutrons and electrons.

D. For all elements, atoms of the same element have the same mass number.
16. Consider the following set-up at the start of an experiment :

salt d

H
‘|
]

After a period of time, the concentration of K,Cr,04(aq) drops to 0.47 M. What is the concentration of
FeSO,4(aq) at that time ?

platinum electrode platinum electrode

100 cm® of
0.50 M FeSOq(aq)

100 cm’ of
0.50 M acidified K,Cr,0, (aq)

A. 0.53M
B. 047M
C. 041 M
D. 032M
17. An aqueous solution of potassium iodide turns yellow with time due to the following reaction :

4KI(aq) +2COx(g) + 05(g) — 2K,COs(aq)+ 2Ix(aq)
Which of the following statements concerning the above reaction is / are correct ?

) Kl(aq) is oxidised by O,(g).
) KI(aq) is oxidised by CO,(g).
3) The yellow colour is due to the K,COs(aq) formed.

A. (1) only
B. (2) only
C. (1) and (3) only
D. (2) and (3) only

2015-DSE-CHEM 1A-5 5 [ Go on to the next page>



18. Which of the following combinations is / are correct ?

Chemical reaction Enthalpy change of reaction

(1) 2H,0(1) — 2Hx(g) + O.(g) positive
(2) 2C0O(g) + Ox(g) —» 2COx(g) positive
3) 2Na(s) +2H,0(1) — 2NaOH(aq) + H,(g) negative

A. (1) only

B (2) only

C. (1) and (3) only

D (2) and (3) only

19. Which of the following pairs of substances can be distinguished by using acidified KMnO,(aq) ?

¢)) pent-l1-ene and pent-2-ene
2) cyclohexane and cyclohexene
3) polyethene and poly(chloroethene)

A. (1) only
B (2) only
C. (1) and (3) only
D (2) and (3) only
20. The set-up of an experiment is shown below :

unglazed porcelain

glass wool with octane

limewater

Which of the following observations would be expected ?

¢)) Limewater turns milky.
2) Br,(aq) changes from brown to colourless.
(3) The flame is brick red in colour.

A. (1) only

B. (2) only

C. (1) and (3) only

D. (2) and (3) only
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21, Which of the following observations would be expected when some calcium granules are put in cold water
inside a test tube ?

N A cloudy mixture is formed.
) The test tube becomes warm.
3) Colourless gas bubbles are formed.

A. (1) and (2) only

B (1) and (3) only
C. (2) and (3) only
D (1), (2) and (3)
22. Which of the following are renewable energy sources ?
1) nuclear energy
) tidal energy
3) biomass
A (1) and (2) only
B (1) and (3) only
C. (2) and (3) only
D (1), 2) and (3)
23. Which of the following can distinguish a sample of limestone powder from a sample of table salt ?

(1) adding water
) performing a flame test
3) adding dilute hydrochloric acid

A. (1) and (2) only
B. (1) and (3) only
C. (2) and (3) only
D. (1), (2)and 3)

Directions : Question 24 consists of two separate statements. Decide whether each of the two statements
is true or false; if both are true, then decide whether or not the second statement is a correct
explanation of the first statement. Then select one option from A to D according to the
following table :

Both statements are true and the 2nd statement is a correct explanation of the 1st statement.
Both statements are true but the 2nd statement is NOT a correct explanation of the 1st statement.
The Ist statement is false but the 2nd statement is true.

Both statements are false.

Sow>

1st statement 2nd statement

24. The boiling point of H,O is lower than that of The electronegativity of oxygen is lower than
HF. that of fluorine.
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PART 11

25. Which of the following statements concerning the Periodic Table is correct ?
A. The melting point of the Group I elements increases down the group.
B. The boiling point of the Group VII elements increases down the group.
C. The elements are arranged in the order of increasing relative atomic mass.
D. The electrical conductivity of the third period elements increases from left to right.

26. How many geometrical isomers does H;C —CH=CH—CH=CH—CHj; have ?

A. 0

B. 2

C. 3

D. 4
27. Consider the following reaction at a certain temperature :
2XY(g) & Xafg) +2Ya(g) K.=0.60 mol dm™

An equilibrium mixture was obtained at this temperature as shown below :

3 .
10.0 dm’ closed container mixture of 1.0 mol of XY(g),
2.0 mol of Y,(g) and # mol of X,(g)
stopper stopper
What is n ?
A. 1.5
B. 3.0
C. 0.15
D. 0.30
28. Which of the following pairs of chemicals, upon mixing under the same temperature, has the highest rate

of gas formation ?

A.

B
C.
D

2015-DSE-CHEM 1A-8

0.10 gof Znpowder and 100 cm’ of 1.0 M HCl(aq)
0.10 g of Zn granules and 200 cm’ of 1.0 M HCl(aq)
0.10 g of Zn granules and 200 cm’ of 1.0 M H,SO4(aq)
0.10 gof Zn powder and 100 cm’ of 1.0 M H,SO4(aq)



29.

30.

31
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Consider the following conversion :

H2N - C_(CH2)4 —C— NH2 E—— H3C —O—C""(CHz)z;’_C_O—CH_‘;
Which of the following combinations of reagents can achieve the above conversion ?

NaOH(aq) and CH;O0H(l)

CH;3;0H(1) and CH;COOH(})
NaOH(aq), H,SO4(aq) and CH;OH(1)
H,S04(aq), NaOH(aq) and CH;COOH(l)

Towy

The structure of the antibiotic ‘amoxicillin’ is shown below :

S
/_——N\><

J~0H

o)

NH,

HO

O
ZT
°_/
Akull’;r:

\LLAM

Which of the following functional groups is / are present in amoxicillin ?

1) ester
) amide
3) hydroxyl
A. (1) only
B (2) only
C. (1) and (3) only
D {(2) and (3) only

In a closed container and at a certain temperature, the following equilibrium was attained :
COCly(g) = CO(g) + Cly(g)
Which of the following statements is / are correct ?

1) CO(g) and Cl,(g) must be of the same concentration.
) The rate of decomposition of COCly(g) is equal to the rate of formation of CO(g).

3) The equilibrium constant K, for the reaction increases when the volume of the container
increases.
A. (1) only
B (2) only
C. (1) and (3) only
D (2) and (3) only




32. Which of the following compounds can react with acidified potassium dichromate solution to form a
ketone ?

(1 OH 2) 3)

N e

(1) only
(2) only
(1) and (3) only
(2) and (3) only

OH

oaw»

33, Consider the following equilibrium reaction system in a closed container of fixed volume :
CO(g) + H.0(g) = COx(g) + Halg) AH<0

Which of the following, when applied to the system, would lead to an increase in the rate of formation of
Hx(g) ?

e)) adding CO(g)
2) increasing the temperature
3) adding a suitable catalyst

A. (1) only
B (2) only
C. (1) and (3) only
D (2) and (3) only
34, A polymer has the structure shown below :

e

CH _C
+ O/ ~ CH, +
n

Which of the following statements concerning the polymer is correct ?

€)) Its intermolecular attraction is predominately hydrogen bond.
2) The polymer chains can be broken in the presence of dilute hydrochloric acid.
3) The polymer chains can be broken in the presence of dilute sodium hydroxide solution.
A. (1) and (2) only
B. (1) and (3) only
C. (2) and (3) only
D. (1), (2)and (3)
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Directions : Each question below (Questions 35 and 36) consists of two separate statements. Decide
whether each of the two statements is true or false; if both are true, then decide whether or not
the second statement is a correct explanation of the first statement. Then select one option
from A to D according to the following table :

Both statements are true and the 2nd statement is a correct explanation of the 1st statement.
Both statements are true but the 2nd statement is NOT a correct explanation of the 1st statement.
The st statement is false but the 2nd statement is true.

Both statements are false.

SOw»

1st statement 2nd statement

35. The melting point of silicon is higher than that The number of electrons in a silicon atom is
of aluminium. greater than that in an aluminium atom.

36. At room conditions, the volume of 1 mol of The number of atoms constituting 1 mol of
SO,(g) is larger than that of 1 mol of Ny(g). SO,(g) is greater than that constituting 1 mol of
Na(g).

END OF SECTION A
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Answers written in the margins will not be marked.

PART I

Answer ALL questions. Write your answers in the spaces provided.

1. Argon and chlorine are elements in the same period of the Periodic Table.
(a) Draw the electron diagram for a molecule of argon, showing electrons in all shells.
(1 mark)
(b) What is the type of intermolecular force in chlorine gas ?
(1 mark)
(c) Complete the table below by stating the natural source and the method of extraction from the
source for each element.
Element Natural source Method of extraction
Argon
Chlorine
(4 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

Please stick the barcode label here.

2. For each of the following experiments, state the expected observation, and write the chemical equation(s)
for the reaction(s) involved.
(a) passing carbon dioxide gas into limewater until in excess
e
[
%
<
g
Q
=
S
b=
S
(3 marks) | &
g
(b) adding sodium sulphite solution to acidified potassium dichromate solution until in excess g
£
8
=
[
E
o
2
w
8
2
72}
=
<
(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

3. Aluminium and iron are commonly used construction materials.

(a) Suggest why iron was used earlier than aluminium in history.

(1 mark)

(b) A compound contains iron and oxygen only. In an experiment for determining the empirical
formula of this compound, 2.31 g of the compound was heated with carbon monoxide. Upon
complete reaction, carbon dioxide and 1.67 g of iron were formed.

(1) Calculate the empirical formula of this compound.
(ii) Write the chemical equation for the reaction involved in the experiment.
(iii) As carbon monoxide is poisonous, suggest one necessary safety precaution in carrying

out the experiment.

(4 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

Please stick the barcode label here.

3. (c) Explain why a galvanised iron object does not easily rust even if the zinc layer is broken.
(2 marks)

5

(d) Explain why anodisation can prevent aluminium objects from corrosion. é
E

Q

=}

I

=

E

R

on

8

=

o

=

g

£

L

E

=

3

(2 marks) | &
g

=

<

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

4. Lead-acid accumulator is a secondary cell containing sulphuric acid. It is commonly used in starting up
motor vehicle engines.

(a) What is meant by the term ‘secondary cell’ ?
(1 mark)
(b) Suggest why a lead-acid accumulator is suitable for starting up motor vehicle engines.
(1 mark)
(c) State one environmental impact that would be imposed from the disposal of lead-acid
accumulators.
(1 mark)
(d) A student diluted a sample of concentrated sulphuric acid for making a lead-acid accumulator.
(i) Describe how concentrated sulphuric acid can be diluted in a laboratory. State a safety
precaution needed during the dilution process.
(ii) 5.00 cm’ of the solution in the lead-acid accumulator made contains 2.48 g of sulphuric
acid. Calculate the molarity of the sulphuric acid in the solution.
(Molar mass of sulphuric acid = 98.1 g)
(5 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

Please stick the barcode label here.

*5. Explain, with the aid of a chemical equation, why NH;(aq) is regarded as a weak alkali. Suggest how you

would show that NHs(aq) is a weaker alkali than NaOH(aq) through an experiment.

(6 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

6.

The steps involved in the reaction of methane with bromine forming CH;Br can be shown by the following
diagram. Only electrons in the outermost shells are shown.

el —()
€}
gg@@@
()

>
Ca

D@ &
@a em.:a & -
g

) — @ Lo ()

()

(&)
“ — & < fe)
9
(a) Name the type of the reaction for the formation of CH;Br from methane and bromine.
(1 mark)
(b) State the condition needed for the reaction to occur.
(1 mark)
(©) State the expected observation for the reaction.
(1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

Please stick the barcode label here.

6. (d) With reference to its electronic structure, explain why the species has a high reactivity.
(1 mark)
(e) The reaction of methane with bromine can also form other single-carbon-containing organic

compounds.

(i) Suggest one such compound. 2

B

g

(¥

£

<]

b=t

E

(2]

g

2

<

g

£

(ii) Suggest a condition so that the reaction of methane with bromine can form more CH;Br g

but less other organic compounds. =

E

ot

2

2

[

z

w)

=

<

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

7. Refer to the set-up for electroplating an object shown in the diagram below.

copper * object
-] copper(Il) sulphate solution
(a) Explain why oily dirts on the object should be removed before electroplating.

(1 mark)
(b) Copper(II) sulphate is an electrolyte. What is meant by the term ‘electrolyte’ ?

(1 mark)
() List ALL the ions existing in the solution.

(1 mark)
(d) Explain why copper(Il) ions are preferentially discharged during the electroplating process.

(1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

7. (e) Write the half equation of the change that occurs at the anode.
(1 mark)
) State the observable change, if any, in the solution during the electroplating process.
(1 mark)
() It is known that 2.28 x 10* electrons have passed through the external circuit during the
electroplating process. Calculate the mass of copper that would theoretically be plated on the
object.
(Relative atomic mass: Cu = 63.5; Avogadro’s constant = 6.02 x 10% mol™)
(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

8. Natural gas is an important energy source for electricity generation. It contains mainly methane (CHy).

(a) Write the general formula of the molecules in the homologous series that methane belongs to.
(1 mark)
(b) The combustion of methane is an exothermic reaction. Its chemical equation is shown below :

CHa(g) + 20,(g) — CO(g) + 2H,0(1)

(M)

(i)

(iii)

Complete the table below by stating all the covalent bond(s) that are broken and formed
during the combustion of methane.

Covalent bond(s)
broken

Covalent bond(s)
formed

Suggest why the combustion is exothermic in terms of the breaking and forming of
covalent bonds.

Calculate the standard enthalpy change of combustion of methane.
(Standard enthalpy changes of formation :
CHy(g) = -74.8 kJ mol™"; CO,(g) = —393.5 kJ mol™"; H,O(1) = —285.9 kJ mol ™)

(5 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

8. (c) Some regions tend to generate electricity more by natural gas but less by coal. Give TWO reasons
from environmental protection consideration.

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

PART 11

Answer ALL questions. Write your answers in the spaces provided.

9. Consider the reaction below :

catalyst

CH3(CH,),CH=CH(CH,)7CO,CH;(1) + H,(g)————— CH;3(CH,),CH,CH,(CH,),CO,CH;(1)

methyl oleate

At room temperature and pressure, a micro-scale experiment was performed using the set-up shown below
in which 0.080 g of methyl oleate in an organic solvent was allowed to react with excess Hy(g). The Hy(g)
flowed from the inverted measuring cylinder to the reacting flask through the tubing.

| CE—
direction of Hy(g) flow 3 Ha(g)
methyl oleate in an organic solvent ] -
1 it water
catalyst
(a) State one advantage of conducting this reaction in a micro-scale experiment.

(1 mark)

(b) Explain why the right end of the tubing was placed at the uppermost position of the inverted

measuring cylinder.

() State an expected observation in the inverted measuring cylinder during the reaction.

(1 mark)

(1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

9. (d) Calculate the theoretical volume of Hy(g) needed for the reaction to complete at room temperature
and pressure.
(Molar volume of gas at room temperature and pressure = 24 dm’;
Relative molecular mass: methyl oleate = 296.0)

(3 marks)

(e) i) Sketch, in the graph below, the variation of the volume of H,(g) in the measuring
cylinder with time from start until the completion of the reaction. You should label this
sketch as ‘A’. (The measuring cylinder initially contained 10.0 cm® of Hy(g). The first
few points have been given in the graph to facilitate the sketch.)

volume of Hy(g) / em®
®

time

(ii) In the same graph above, give another sketch as required in (i) but only using 0.040 g of
methyl oleate for the reaction while the other conditions remain unchanged. You should
label this sketch as ‘B’.

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

10. (2) For each of the oxides below, draw its electron diagram (showing electrons in the outermost

shells only), and state its behaviour in water.

@) Na,O
(ii) CLO
(b) Using iron as an example, illustrate TWO characteristics of transition metals.

(4 marks)

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

11. Refer to the following chemical equation :
H,0(l) & H'(aq) + OH (aq) AH>0

Under fixed conditions, [H,O(1)] is considered as a constant. In consideration of the definition of K,
[H'(aq)][OH (aq)] would also be a constant.

(a) The pH of an aqueous solution is defined as —log[H'(aq)]. The pH of water equals 7.0 at 298 K.
Find, at this temperature, the :

@ [H'(aq)]

(i) [H'(aq)][OH (aq)]

(3 marks)

(b) [H,0(1)] equals 55.6 mol dm™ at 298 K. Suggest why [H,O(1)] is considered as a constant with
reference to the values of [H'(aq)] and [OH (aq)].

(1 mark)

©) Explain whether the pH of water at 328 K would be less than 7.0, equal to 7.0, or greater than
7.0.

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

)
1}
12. You are provided with @—C—H, inorganic reagents and organic solvents.

Outline a synthetic route, with no more than three steps, to obtain the following compound :

0
Ot oo

For each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic product.

(3 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

*13. Using C,HsCH(OH)CH; as an example, write a paragraph to illustrate ‘enantiomerism’. Suitable

diagram(s) should be included in your answer.

(5 marks)

END OF SECTION B

END OF PAPER

Answers written in the margins will not be marked.
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Section A

Industrial Chemistry

Answer ALL parts of the question.

1.

(a)

(b)

Answer the following short questions :

(i) A certain reaction is zeroth order with respect to I,(aq) and first order with respect to both
CH;COCH;(aq) and H'(aq).

(1) State the effect, if any, of a change in the concentration of I(aq) in the reaction
mixture on the rate of the reaction.

(2) Write the rate equation for the reaction.
(2 marks)

(ii) Write a chemical equation for the reaction in forming ammonia in the Haber process.
(1 mark)

(iiiy  The rate constant of a certain reaction doubles when the temperature is increased from 298 K
to 308 K. Calculate the activation energy of the reaction.

(Gas constant R= 8.31J K" mol™; Arrhenius equation: log k = constant — Eq )

2.3RT
(2 marks)

Ethanoic acid can be produced by two routes as listed below :
Route (1)

east O
sugar solution —-y—~———> CH;CH,0H(aq) A8) » CH;COOH(aq)

catalyst

Route (2)

180°C; 30 atm.
CH,OH(l) + CO(g) Joam. - cooH()

catalyst

i) The reactions in both Routes (1) and (2) require the use of catalysts.

(1)  Draw, in the same sketch, TWO labelled energy profiles for a reaction, one with a
catalyst and the other one without catalyst.

(2)  Theoretically, catalysts are not consumed in reactions. Suggest why it is still
necessary to replace the used catalyst from time to time in industrial processes.
(4 marks)

(ii) Suggest TWO reasons why Route (1) is considered as a green process.
(2 marks)

(iii)  Suggest TWO reasons why ethanoic acid used in the plastic industry is manufactured by
Route (2) instead of Route (1).
(2 marks)
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1. (c)  Chlorine is one of the products manufactured in the chloroalkali industry. The electrolysis involved
in the chloroalkali industry can be performed in a mercury electrolytic cell, a diaphragm electrolytic
cell or a membrane electrolytic cell.

(@

(i)

(iii)

(iv)

)

(vi)

2015-DSE-CHEM 2-3

State the raw material used in the chloroalkali industry.
(1 mark)

Suggest a criterion in choosing a site for building the chemical plant for a chloroalkali

industry.
(1 mark)

Write an overall equation for the electrolysis involved in the chloroalkali industry.
(1 mark)

Explain why a mercury electrolytic cell is NOT considered to be environmentally friendly.
(1 mark)

What is the advantage of a membrane electrolytic cell over a diaphragm electrolytic cell ?
(1 mark)

The chloroalkali industry can also manufacture chlorine bleach and hydrochloric acid.
Explain, with the aid of a chemical equation, why chlorine bleach should not be stored

together with hydrochloric acid.
(2 marks)

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

6 The diagram below shows the unit cell of copper metal :

nH State the meaning of the term ‘unit cell’.

2) Deduce the number of copper atoms in the unit cell.
(2 marks)

(ii) Which one of the following items can be made from urea-methanal ?

balloon, electric socket, fishing line, plastic water pipe
(1 mark)

(ili)  One of the monomers for making nylon-6,6 is HOOC(CH,),COOH. Traditionally, it can be
prepared by the following reaction path :

OH
O conc. HNOs | HOOC(CH,),COOH + NO,
Suggest TWO reasons why the above reaction path is NOT considered to be green.
(2 marks)
(b)  The equation below shows the formation of polystyrene (PS) from styrene.
styrene organic peroxide .
n
PS
6] Draw the structure of styrene.
(1 mark)
(ii) Name the type of polymerisation involved in forming PS.
(1 mark)

(iii))  Expanded PS is commonly used in making disposable cups for containing hot drinks.
(1) Explain why expanded PS has good heat insulating property.
@) Suggest a moulding method for making expanded PS cups.

3) State TWO problems in recycling objects made from expanded PS.
(4 marks)

2015-DSE-CHEM 24 4



2. (b)) (iv)

Styrene can polymerise with buta-1,3-diene to give a high impact polystyrene (HIPS) in
which the monomers randomly join together. A portion of the structure of a certain HIPS is
shown below :

Suggest why the hardness of HIPS is lower than that of PS.

(2 marks)
(¢)  Liquid crystals can be used to make displays for mobile phones.
@) How do molecules arrange in the smectic phase of liquid crystals ?
(1 mark)
(ii) The following diagram illustrates the basic working principle of one pixel in liquid crystal
displays.
liquid crystal layer
light
polariser polariser
voltage is applied
liquid crystal layer
)
light
polariser polariser
no voltage is applied
Explain why the pixel appears dark when a voltage is applied to the liquid crystal layer.
(4 marks)
(ili)  Some scientists suggested that the use of nanomaterials may increase the resolution of

2015-DSE-CHEM 2-5

displays.
e State the meaning of the term ‘nanomaterials’.
2) Suggest why the use of nanomaterials may increase the resolution of displays.

(2 marks)

END OF SECTION B

5 [ Goontothe next page>




Section C

Analytical Chemistry

Answer ALL parts of the question.

3.

(a)

(b)

Answer the following short questions :

i) Suggest a chemical test to show the presence of Br(aq).

(2 marks)
(ii) Suggest an instrumental method for determining the content of octane in a petrol sample.

(1 mark)
(iii)  Suggest how copper powder can be obtained from a mixture of copper powder and
iron(III) oxide by chemical method.

(2 marks)

Compounds X and Y shown below are isomers with relative molecular mass 120.
0] H H
i .
C
~N CH, ~ C -
|
o)
X Y
(i) Each of X and Y can react with 2,4-dinitrophenylhydrazine solution to give a similar
observation. State the observation.
(1 mark)

(ii) Suggest a chemical test to distinguish between X and Y.

(2 marks)
(iii)  Hlustrate how X and Y can be distinguished from their mass spectra.

(2 marks)

(iv)  With reference to the information given in the table below, suggest whether infra-red
spectroscopy can be used to distinguish between X and Y.

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, phenols (hydrogen-bonded) 3230 t0 3670
N-H | Amines 3350 to 3500

(2 marks)
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3. (¢)  An experiment consisting of the following four steps was performed to determine the amount of
nitrogen in a milk powder sample :

Step (1):  3.00 g of the milk powder sample was heated with excess concentrated sulphuric acid so

as to turn all nitrogen in it into (NH,),SO4(aq).

Step (2): The reaction mixture obtained was heated with excess NaOH(aq) to liberate NH;(g). All

NH;(g) liberated was then absorbed by 50.00 cm® of 1.00 M HCl(aq).

Step (3): The solution formed was diluted to 250.0 cm® with deionised water.
Step (4): 25.00 cm’ portions of the diluted solution were titrated with 0.100 M KOH(aq) using

@)

(i)

(ii)

(iv)

2015-DSE-CHEM 2-7

methy! orange as an indicator. An average of 13.55 cm’ of the KOH(aq) was required to
reach the end point.

Write the chemical equations for the following reactions in Step (2) :
(N the reaction of (NH,),SO4(aq) with NaOH(aq)

2) the reaction of NHs(g) with HCl(aq)

(2 marks)
State the colour change at the end point of the titration in Step (4).
(1 mark)
Calculate the percentage by mass of nitrogen in the milk powder sample.
(Relative atomic mass: N = 14.0)
(4 marks)

In finding out the protein content in a milk powder sample, a common method is to determine
the amount of nitrogen, but not to directly determine the amount of protein in the sample.

Suggest one limitation of this common method.
(1 mark)

END OF SECTION C
END OF PAPER




090 | (65D | B | s | @ | (s | W) | wo | (v | Gy | Ler) | 08sc | (g0 | 0cee
xry ON PIN wy sq D 1q w) wy nd dN n ed urL
€01 201 101 001 66 86 L6 96 6 6 €6 26 16 06 | *x
O°SLY | OELT | 6891 | €L91 | 6¥91 | ST9T | 68SI | €451 | 0zst | ¥0ST | (S¥1) | ¢vvl | 60v1 | 1OV
ny qax uy, | oH Aq qL PO ny wg wy PN id )
1L 0L 69 89 L9 99 $9 9 €9 9 19 09 6S 86 |
(zoo) | (190 | (e | (zo) | (€22
qqa B4 oV ey 1y
) YOI | % 68 88 L8
(zzo) | (010 | (600) | 0'60T | TLOT | ¥'¥0T | 900 | 0°L61 | 1S61 | Ce61 | €061 | <981 | 6€81 | 6081 | S8LI | 68E€l | €LEl | 62cl
uy w od 1q qd 1L 3H ny W 1 SO e | M el JH e eq O
98 8 8 €8 8 18 08 6L 8L LL 9L SL L €L L | o« LS 9¢ 99
€I1ET | 6'9CL | 9Lzl | 81cr | L8IT | 8¥IL | ¥CI1 | 6401 | #9901 | 6201 | 1101 (86) 6°S6 676 716 | 6388 9°L8 Y]
ax I L qs us ug PO v pd Lt ny oL O aN 17 X IS Qi
S 39 zS IS 0S 6t 8t Ly 9 St 44 £f w 18% ov 6€ 8¢ LE
8'¢8 6°6L 0'6L 6L 9L L'69 ¥'69 $'€9 L'8S 6'8S 866 6¥S 0cs 60S 6Ly | 0OSP 1o I'6€
By | g 3s sy D €D uz n) IN e} X | U 1D A 1L S 150} b |
9¢ ¢ 143 €€ 43 1€ 0¢ 62 8¢ LT 9T ST 74 €T 4 1T 0T 61
00v 93 (K43 01¢ 187 | 0°LC €ve | 0¢€T
1 D S d IS v SN eN
81 L1 9] Sl 1 €1 EE Y EHY  ssew orwoge sAne[ar 4\ 1
zoz | o6l 091 0yl 0Tl 801 06 69
N | o) N o} q ’g |
01 6 3 L 9 S 14 €
oy | IIA 1A A Al 111 R II I
H H
C vl
0
HF | Jequmu druio)e
¥ 4n0¥O

EHR ATAVLOIAOTHAd

2015-DSE-CHEM 2-8



