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Chemistry
o

.

Instructions:

Periodic Table is provided.

This paper consists of 09 pages.

Answer all the questions.

Use of calculators is not allowed.

Write your Index Number in the space provided in the answer sheet.

Follow the instructions given on the back of the answer sheet carefully.

In each of the questions 1 to 50, pick one of the alternatives from (1), (2). (3). (), (5) which is correct
or most appropriate and mark your response on the answer sheet with a cross (x) in accordance

L with the instructions given on the back of the answer sheet. )
Universal gas constant R = 8314 I K~ mol™! Planck’s constant # = 6.626 x 103 Js
Avogadro constant N, = 6022 x 102 mol™! Velocity of light ¢ = 3 x 10® ms™!

1. Consider the following discoveries made with regard to the atomic structure.
I. Positive rays inside a cathode ray tube
If. Radioactivity by certain types of nuclei

The two scientists who discovered the above stated I and 1I respectively, are,

(1) J.J.Thomson and Henry Becquerel
(2) Eugen Goldstein and Robert Millikan
(3) Henry Becquerel and Eugen Goldstein
(4) J.).Thomson and Ernest Rutherford
(5) Eugen Goldstein and Henry Becquerel

2. The number of electrons in the manganese atom (Mn, Z = 25) that have quantum numbers
! =0and m = | respectively are,
(1) 6 and 4 {(2) 8 and 12 (3) 8and 5 (4) 8 and 6 (5) 10 and 5

3. M is an element that belongs to the second period in the Periodic Table. It forms a covalent mol-
ecule MCl, which has a dipole moment. The group of the Periodic Table to which M belongs is,
(1) 2 (2) 13 (3) 14 @ 15 (5) 16

4. The number of unstable Lewis dot-dash structures that can be drawn for the peroxynitric acid
molecule (formula HNOQO , H_Q_ﬁ_g_if’) is,

{11 2 2 3 3 4 4 ) 5

5. The IUPAC name of the given compound is,
(1) 1-bromo-4-methyi-5-hydroxypent-1-en-3-one H,
{2) 5-bromo-1-hydroxy-2-methylpent-4-en-3-one _
(3) 1-bromo-5-hydroxy-4-methylpent-1-en-3-one HO—CH,—CH (ﬁ CH=CH—Br
{(4) 5-bromo-2-methyl-3-oxopent-4-en-1-ol O
(3) 1-bromo-4-methyl-3-oxopent-1-enol

[See page two
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6. The decreasing order of radii of the species O, O, F, F, §*, O is,

(S >C' > 0> F > 0>F
2 $ > > 0> F >F >0
3 C >8> 0> F > 0>F
@ C >8> F > 0> 0>F
5) 8 > CI'> 0> O > F > F

7. A rigid-closed container contains n, moles of an ideal gas at temperature 7 (K) and pressure P, (Pa).
When an additional amount of the gas was inserted into the container, the new temperature and
pressure were T, and P, respectiveiy. The total number of motes of the gas now in the container is,

(l) anlpl (2) nlI}PZ (3) T2P2 (4) n|T2P2 (5) anZ})l
T, rr " T 7

8. The total number of electrons exchanged in the reaction of the oxidation of ethanol (C,H,OH)
to acetic acid (CH,COOH) using acidic K2Cr20., solution is,
(n 6 (2) 8 3) 10 @ 12 &) 14

9, Which compound of the following, can undergo aldol condensation, when reacted with aqueous
NaOH?

4} CH3@——OH 2) CHBE—OCH3 (3) H—C-OCH; CHSCHzg—H (5) (CH3)3C3—*H

10. AX(s),A,Y(s) and AZ(s) are sparingly soluble salts in water having K, values of 1.6 x 10°,32 x 107!t and
9.0 x 10712, respectively at 25 °C. Which of the foilowing shows the order of the three saturated solutions
of these salts in decreasing concentration of cation A*(aq) ,at 25°C?

(1) AX() > AY() > AZ(s)

(2) AY(s) > AX(s) > AZ(s)

(3) AX(s) > AZ(S) > AY()
(4 AzY(S) > AZ(s) > AX(s)
(5) AZ(s) > AZY(S) > AX(s)

11. Consider the foilowing compounds.

CH, CH
|3
CH,CH,CH,CH,CH,CH,  CH,('CH,CH, CH,CH,CH,CH,CHO  CH,CCHO CH,CH,CH,CH,CH,0H
H, 3
A B C D E
Relative
molecular 86 86 86 86 88
mass

Variation of boiling points of these compounds is best shown by,

BPI\ F X f 3 f 3 F 3
. 4 B.P BP . B.P 2 BPF
/ /| / /
_/ N /N AN Al
L - =1 ~y [\|/
ABCDE ABCDE ABCDE ABCDE * ABCDE:
(1) (2) (3) 4 (5)

{See page three
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12.

13.

14,

15.

16.

17.

18.

The increasing order of covalent character of the chemical species NaCl, Na,S, KF and KCl is,

() KF < NaCl « KCl <« Na,S
2y KC1 <« NaCl « KF <« NaZS
(3) KF < KCl <« NaCl < Na,S
(4) Na,§ < NaCl < KCl < KF
(5) KF < NaS < NaCl < KC

Standard combustion enthalpies of H,(g), C(s) and CH,OH(/) at 298 K are -286 kJ mol™, —393 kJ mol™'
and -726 ki mol™, respectively. Enthalpy of vaporization of CH,OH(}) is +37 kJ mol™!. Enthalpy of
formation (kJ mol™") of one mole of gaseous CH,OH at 298 K is,

(1) -276 (2) -239 (3) Y @) +84 (5) +202

Phosphorous can be prepared in an electric furnace as given by the following balanced chemical
equation.

2 Ca3(P04)2 +635i10,+ 10C — 6CaSiO, + 10CO + P,
When 620 g of Ca,(PO,),, 180 g of 510, and 96 g of C were reacted, 50 g of P, were obtained. Under
these conditions, the limiting reagent (reagent that is completely consumed) and percentage yield of P,
respectively are, (C=12,0=16,S5i=28,P=131,Ca=40)

(1) Caf(PO,),and 80.7% (2) SiO,and 80.7% (3) Cand 50.4%
(4) SiO,and 40.3% (3) Cand 252%
Consider the following two equilibria occurring in two separate rigid-closed containers under the

same conditions.

Nj® +3H(g) = 2NH,() ; Kp =3.0x 107

NH,(g) + H,S(g) = NH,HS(g); Kp, =8.0x 107
Under these conditions K, for the equilibrium 2H,S(g) + Ny(g) + 3H(g) = 2NHHS(g) is,
(N 576x 1002 (2) 72x 10710 (3) 192x10° (4) 340x10° (5) 3.75x 1072

Consider the nitration reaction of bromobenzene. Resonance stabilized carbocation intermediates
are formed during this reaction. Which of the following is met a resonance structure of these
intermediates?
Br Br H Br Br Br

(1 H ) 3+ N0, @ H )

(o "0 Q™ O T

H NO, H NO,
A reaction which is non-spontaneous at room temperature and 1 atm pressure becomes spontaneous at
high temperature at the same pressure. Which of the following is correct for this reaction at room
temperature? (Assume that AH and AS do not change with temperature and pressure.)
AG AH AS

(1) Positive Positive  Positive
(2) Positive Negative  Negative
(3) Positive Negative  Positive

(4) Negative = Positive Negative
(5) Negative = Negative Negative

The de Broghe wavelength of a neutron travelling with a velocity v is A. If the kinetic energy
E(E = L) of this neutron is increased four times, the new de Broglie wavelength would be,

(h ./;: ) % 3) 21 @) 42 () 164

[See page four
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19. Which of the following correctly shows the electrolytic celi constructed for the electrolysis of
an aqueous solution of the salt MX?
o @ O

anode + _l |_— cathode anode + j I_- cathode anode — [+ cathode

@ - 6 —i

—
anode — —l I_-l- cathode anode _l I— cathode
[ ] | |

20. Which of the following statements is correct regarding the reaction between a carboxylic acid and
an alcohol to give an ester?
(1) The overall reaction is a nucleophilic addition reaction of a carbonyl compound.
(2) 1t is a reaction in which the alcohol acts as a nucleophile.
(3) It is a reaction which occurs with the cleavage of the O—H bond of the carboxylic acid.
(4) It is a reaction which occurs with the cleavage of the C—O bond of the alcohol.
(5) It is an acid-base reaction.

21. Decomposition of 1 mol of CH,OH(!) occurs at high temperatures as follows.

CH,0H() — CO(g) + 2H,(g); AH = +128kJ

Which of the following is incorrect for the above reaction? (H=1, C=12, O0=16)

(1) The heat absorbed when 1 mol of CH,OH(g) is decomposed is less than 128 kl.

(2) Enthalpy of CO(g) + 2H,(g) is higher than the enthalpy of CH,OH()).

(3) 128 kJ of heat is released when 1 mol of CO(g) is formed.

(4) 128 kJ of heat is absorbed during the decomposition of a mole of reactant.

(5) 128 kJ of heat is absorbed when 32 g of products are formed.

22. Identify the incorrect statement from the following.
(1) Electron gain energy of nitrogen [N(g)} is positive.
(2) Dilution of BiCl (aq) solution with water gives a white precipitate.
(3) H,S gas can act both as an oxidizing agent and a reducing agent.
(4) The effective nuclear charge (Z*) felt by a valence electron in He is less than 2.
(5) Aluminium is inert towards N, gas even when heated to a high temperature.

23. The concentration of a dilute aqueous solution of a weak acid HA is Cmol dm™ and its acid

dissociation constant is Kg at 298 K. Which of the following expressions gives the pH of the
solution at 298 K?

1 1
(1) pH= 5pKa- *z-logC
=t1og 1
(2) pH= 2pKa 2logC
i 1
(3) pH=-5pKa+ 5logC
() pH=- 3 pKa- 7l0g(11C)

(5) pH = 3 pKa— 3log(1/C)

[See page five
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24.

27.

290

The strength of a H,0, solution can be expressed as the volume of O, produced at standard
temperature and pressure (STP). For example, a litre of 20 volume strength H,O, solution will
produce 20 litres of O, gas at STP (2H,0,(aq) — 2H,0()) + O,(g)). (Assume lhat lmole of gas
has 224 litres volume at STP.)

A botle labelled X contains H,O, solution. When 25 Ocm® of solution X was ftitrated with
1.0 mol dm™ KMnO, in the prcsenoe of dilute H,SO, the volume required to reach the end pomt
was 25.0cm’. The volume strength of solution Xls

(15 (2) 20 (3) 25 {4 28 ) 30

M(OH),(s) is a sparingly water soluble salt formed by the reaction between M?*(aq) and
OH™ (aq) ions at 298 K. The solubility (mol dm™) of M(OH),(s) in water at pH = 5 is,
Kpyon, = 40 x 107 at 298 K).

2

(1) J2x 1078 (2) 2x 1078 3) 1x1078 @ P x102 (5 1x10"?

Which of the following correctly denotes the standard galvanic cell constructed by using a standard
hydrogen electrode, a standard Mg—electrode and a salt-bridge at 298 K?

(1) Mg(s) | Mg** (aq, 1.00 mol dm™) || H* (ag, 1.00 mol dm™) | H,(g}| Pi(s)

(2) P(s)|H,(g)| H*(aq, 1.00 mol dm™) || Mg?* (aq, 1.00 mol dm™) | Mg(s)

(3) Mg(s), Mg** (aq, 1.00 mol dm™} || H'(aq, 1.00 mol dm™) | H(g) | Pt(s)

4) Mg(s) | Mg? (aq, 1.00 mol dm™), H*(aq, 1.00 mol dm™), H(@)| PX(s)

(5) Pu(s), H,(g) | H*(aq, 1.00 mol dm™) | Mg** (aq, 1.00 mol dm™®), Mg(s)

The following procedure was carried out at 298 K to determine the dlsmbutlon coefﬁ01ent K,of a
monobasic organic acid between dichloromethane and water 50.00 cm® of a 020 mol dm™ aqueous
solution of acid were mixed vigorously with 10.00 cm® of dichloromethane and the two layers
were allowed to separate. Thereafter, the dichloromethane layer in the bottom of the fiask was
drained out. 10.00 cm’® of 0.02 mol dm™> NaOH(aq) solution were required to neutralize the acid
remaining in the aqueous layer. (Assume that the acid does not dimerize in the organic phase.)
K, of the acid between dichloromethane and water at 298 K is,

(1) 0.05 (2) 025 (3) 400 4) 20.00 (5) 24500

A reaction C,H(g) + 30,g) — 2CO, (g} + 2H,0(g) occurs in a rigid-closed container at a
given temperature. After a certain time, it was found that the rate of the reaction with respect to
consumption of C,H (g} was x mol dm=3s™'. Which of the following shows the rates of consumption
of O,(g), formation of CO,(g) and formation of H,0(g) respectively, during that time?

rate / mol dm™>s™!
0,8 COMg HO(g
m 3 % 2
(2) X X X
X X X
G 3 2 2
ORE +
(5) 3x 2x 2x

Consider the following reaction occurring in a rigid-closed container at temperature T.

M(g) + Q(g) — R(g) + Z(g)
The rate of reaction doubled when the concentration of M was doubled. The rate of reaction is
5.00 x 10*mol dm™ s~! when the concentrations of M and Q are 1.0 x 10> mol dm™ and 2.0 mol dm™
respectively. The rate constant of the reaction under these conditions is,

() 25x10s (2) 1255 (3) 2557 @) 505 (5) 5005

[See page six



https://pastpapers.wiki/

AL/2020/02/E-1I(NEW)

31.

32.

33.

30. Consider the following reaction scheme.

0
(?sz CL/Alcl, -, L LAH,
i 2. H*/H,0"

P and Q respectively could be,

OH HO O,H HOH ocl HCl
O T EF W T
1 ] Ci
@) OCl H,Ci ) SZH éHZOH
(' S and [l 5 and
1 ]
Cl Ci

For each of the questions 31 to 40, one or more responses out of the four responses (a), ),
(c) and (d) given is/are correct. Select the correct sesponse/responses. In accordance with the
instructions given on your answer sheet, mark

(1) if only (@) and (b) are correct.

(2) if only (b) and (c) are correct.

(3) if only {(c) and (d) are correct.

(4) if only (d) and (@) are correct.

(5) if any other number or combination of responses is cotrect.

Summary of above Instructions
(1) (2) (3) “) (5

Only (a) and (&) | Only (5) and (c) | Only (c)and (d) | Only (d) and (a) | _AnY¥ other mumber or
combination of responses

is cormect

are correct are correct are correct are correct

Which of the following statement/s is/are correct with regard to 3d-block elements and their
compounds?

(@) Among the 3d-block elements, Sc is not considered as a transition element.

(b) The radii of atoms (Sc to Cu) decrease from left to right.

(¢) [Ni(NH,),|** is blue in colour whereas [Zn(NH,),)** is colourless.

(@) The IUPAC name of KZNiCl 418 dipotassium tetrachloronickelate(ll).

Which statement/s isfare correct regarding the following molecuie?

i
H-—- (|3P— OQ— CRE CS— Cllr= OU
H H

v
(@) Atoms labelled P, Q, R and S lie on a straight line.
(b) Atoms labelled Q, R, S and T liec on a straight line.
(c) Atoms labelled R, S, T, U and V lie on the same plane.
(d) Atoms labelled R, S, T and U lie on a straight line.

0.01 moles of N,(g), 0.10 moles of H,(g) and 0.40 moles of NH,(g) were inserted into a 1.0 dm?
rigid-closed container and allowed to reach equilibrium at 500 K as given below.

N,(g) +3H,(g) = 2NH,(g) K =20x 10°mol™ dm®
Which of the following statement/s is/are correct for the changes in the system from the initial
stage to equilibrium? Q. is the reaction quotient.
(a) Initially Q> K; NH,(g) starts to produce N,(g) and H (g) and the system reaches equilibrium.
(b) itially Q. < K.; NH,(g) starts to produce N,(g) and H,(g) and the system reaches equilibrium.
(¢) Initially Q. < K N,(g) and Hy(g) react to form NH,(g) and the system reaches equilibrium.
(d) Initially Q> K. ; N,(g) and H,(g) react to form NH,(g) and the system reaches equilibrium.

[See page seven
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34,

35.

37.

38.

39.

Which of the following statement/s regarding the reaction between compound P and HC! to form
an alkyl halide is/are correct? /CH3
CH,CH
H,CH=C_

p
(@) The major product is 2-chioro-2-methylbutane.
(b) A secondary carbocation is formed as an intermediate in this reaction.
(¢} In one of the steps of the reaction, the HCl bond is cleaved to give a chlorine radical (CI’).
{d) In one of the steps of the reaction, a nucleophile reacts with a carbocation.

A binary liquid mixture prepared by mixing two liquids in a closed evacuated container at a given

temperature shows a negative deviation from Roult’s Law. Which of the following statement/s

is/are correct for this system?

(a) Total vapour pressure of the mixture is less than the expected total vapour pressure should
it behave as an ideal mixture.

(&) Heat is released when the mixture is formed.

(¢) Number of molecules in the vapour phase of the mixture is greater than the expected number
of molecules should it behave as an ideal mixture.

(d) Heat is absorbed when the mixture is formed.

Which of the following statement/s is/are correct with regard to CFC, HCFC and HFC?

(@) Both classes of compounds CFC and HCFC have the ability to produce chlorine free radicals
in the upper atmosphere (stratosphere).

(b) Both classes of compounds HFC and HCFC have the ability to produce chlorine free radicals
in the upper atmosphere (stratosphere).

(¢} All three classes of compounds CFC, HCFC and HFC are strong greenhouse gases.

(d) All three classes of compounds CFC, HCFC and HFC contribute significantly to ozone layer
depletion,

Which of the following statement/s is/are correct with regard to halogens, noble gases and their

compounds?

(a) Hypochlorous ion disproportionates rapidly in acidic solutions.

(b) Xe forms a series of compounds with F, gas, among which XeF, has a square planar geometry.

(¢) Among the hydrogen halides, HF has the highest bond dissociation energy per mole.

(d) Boiling points of halogens increase down the group as a resuit of increasing strength of
London forces.

Which of the following statement/s is/are correct regarding the Daniell cell when it operates at room
temperature? (Echlz +1.10 V)

(@) Net electron flow occurs from Zn to Cu.

(b) The equilibrium Zn*(ag) + 2¢ = Zn(s) shifts to the right.

{¢) A liquid-junction potential is created due to the presence of a sait-bridge.

(d) The equilibrium Cu’(aq) + 2¢ = Cu(s) shifts to the right.

Which of the following statement/s is/are correct for ideal gases and real gases at constant temperature?
(@) At very high pressures, the volume of a real gas is higher than that of an ideal gas.

(b) At high pressures, real gases tend to behave as ideal gases.

{¢) At very high pressures, the volume of a real gas 1s lower than that of an ideal gas.

(d) At low pressures, real gases tend to behave as ideal gases,

Which of the following statement/s is/are correct regarding some industrial processes?
(@) The first two steps involved in the manufacture of Na,CQ, by Solvay Process are endothermic.

(b) The presence of Mg?*, Ca?* and SO ions in brine, hinders the production of NaOH using
the membrane cell method. '

(c) The first step involved in the manufacture of nitric acid by Ostwald method is the oxidation
of NH, gas using O, in air in the presence of a catalyst to give NO, gas.

(d) High temperature and low pressure conditions are employed in the manufacture of NH, gas
using Haber-Bosh process.

{See page eight
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41.

42.

47.

49.

-8.

In question Nos. 41 to 50, two statements

From the Table given below, select the response,

are given in respect of each question.
out of the responses (1), (2), (3), (4) and (5),

that best fits the two statements and mark appropriately on your answer sheet.

Response | First Statement Second Statement
) True True, and correctly explains the first statement
2) True True, but does not explain the first statement correctly
) True False
{4) False True
&) False False
First Statement Second statement

Among the oxides of Cr and Mn, CrO and MnO
are acidic, while CrO, and Mn,O, are basic.

The acidic/basic nature of the oxides of Cr
and Mn is dependant on the oxidation number
of the metal.

An acidic buffer solution can be prepared by
mixing a weak acid HA(aq) with its sodium
salt NaA(aq).

When OH (aq) or H (aq) ions are added to a
buffer solution, the added amounts of OH (aq) or
H+(aq) jons are removed through the reactions;
OH (aq) + HA(ag) — A (aq) + H,0() and

H'aq) + A(ag) — HA(aq) respectively.

Essential oils can be extracted from plants by
steam distillation at a temperature below 100 °C.

At the temperature at which a mixture of essential
oil and water boils, the total vapour pressure of
the system is less than the atmospheric pressure.

At a given temperature and pressure the molar
volumes of two different ideal gases are different
from each other.

At 0 °C temperature and 1 atm pressure, the molar
volume of an ideal gas is 22.4 dm® mol™.

Ail compounds having a C=C bond show
diastereoisomerism.

Any two isomers which are not mirror images
of each other are diastereoisomers.

Hydrogenation of benzene is more difficult than
hydrogenation of alkenes.

Addition of hydrogen to benzene results in
the loss of aromatic stabilization.

The reaction that takes place between SO, gas
and water in the production of sulphuric acid
is endothermic.

8O, gas reacts with concentrated H,S0, to give
oleum.

Reaction between ammonia and an alkylhalide
gives a mixture of primary, secondary and tertiary
amines and a quaternary ammonium salt.

Primary, secondary and testiary amines can react
as nucleophiles.

If P+Q—R is a first order reaction with
respect to the reactant P, the graph of rate
against concentration of P gives a straight line
passing through the origin.

Initial rate of a first order reaction is independent
of the concentration of reactant(s}.

On a sunny day, strong photochemical smog can
be seen in a city with heavy traffic congestion.

Photochemical smog is caused entirely by
scattering of solar radiation by small particles
and water droplets that are emitted by vehicle
exhaust systems.

¥ % %

[See page nine
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Use of calculators is not allowed.

Universal gas constant, R = 8314 J K~! mol™!

Avogadro constant, N, = 6.022 x 1023 mol™!
In answering this paper, you may represent alkyl groups in a condensed manner.

H H

Example: H—(C——C— group may be shown as CH,CH,—

H H
O PART A — Structured Essay (pages 02 - 08)
Answer all the questions on the question paper itself.
Write your answer in the space provided for each question. Please note that the space provided is sufficient
Jor the answer and that extensive answers are not expected.

QO PART B and PART C — Essay (pages 09 - 14)

Answer four questions selecting two guestions from each part. Use the papers supplied for this purpose.
At the end of the time allotted for this paper, tie the answers to the three Parts A, B and C together so
that Part A is on top and hand them over to the Supervisor.

You are permitted to remove only Parts B and C of the question paper from the Examination Hall.

For Examiner’s Use Only

Part | Question No. Marks Total

1

In Numbers

A 2

3 In Letters

4

3 Code Numbers
B 6

2 Marking Examiner 1

8 Marking Examiner 2
c 9 Checked by

10 Supervised by :

Total

o’
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g PART A — STRUCTURED ESSAY

Answer all four questions on this paper itself. (Each question carries 100 marks.) B:)u?t
in this

column.

1. (a) Write the answers to the questions given below on the dotted lines.

(i) Of the three ions Na*, Mg?* and F , which one has the smallest ionic
radius? e

(ii) Of the three elemenis C,N and O, which one has the highest second
jomization energy? e

(iii) Of the three compounds H,0, HOCI and OF,, which one has the most
electronegative oxygenatom?  eemeeeeeeeemeeneens

(iv) Of the three elements Be,C and N, which one will liberate energy when
an electron is added to its atom [Y(g) + € — Y'(g); Y = Be,C,N] in the
gaseousstate? e

(v) Of the three ionic compounds NaF, KF and KBr, which one has
the highest solubility in water? e

(vi) Of the three compounds HCHO, CH,F and H,0,, which one has the
strongest intermolecular forces? ey

() (i) Draw the most acceptable Lewis dot-dash structure for the ion, N2032‘. Its skeleton is
given below,

L
O0—N-N—-O

(i) Draw three more Lewis dot-dash structures {resonance structures) for this ion. Indicate the
relative stabilities of the structures drawn by you, when compared with the most acceptable
structure drawn in (i) above, by writing Tess stable' or 'unstable' under these structures.

(iii) Complete the given tabie based on the Lewis dot-dash structure and its labelled skeleton

given below.
T ?
=§1—g=ﬁ—§—czm Cl—N!'—N?—O*— C*—N

N! N2 o’ c?

VSEPR pairs around the atom

electron pair geometry around the atom

shape around the atom

hybridization of the atom

[see page three
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Do not

¢ Parts (iv) to (vii) are based on the Lewis dot-dash structure given in part (jii) above. Labelling “"j;:
of atoms is as in part (iii). Ll:alu:;n.

(iv) Identify the atomic/hybrid orbitals involved in the formation of ¢ bonds between the two
atoms given below.

I. CI—N! Cl v NY
iI. N—o N O e
M. NY—N?  N' i, N2 e
IV. N—0® N? i, O e,
V.O—C* O i, CY o
VL. C*—N CH o N o e,
(v) Identify the atomic orbitals involved in the formation of 7 bonds between the two atoms given
below.
L N—N2 N' N e,
n. ¢*—N C! o N o e
CY o, N o e
(vi} State the approximate bond angles around N', N2, O® and C* atoms.
N . NP , O ., Ch

............ L i € e € e (56 marks)
(¢} Consider the following information.

I. The atoms A and B combine to form a heterodiatomic molecule AB that has
a ¢ bond. This is represented as A-B.

IL. The electronegativity of A is less than that of B (X A< Xy
X = electronegativity of the atom

Ill. The inter-nuclear distance between A and B atoms (d,_g) of the AB molecule
is given by the following equation.

dy g = N+ ig—cXg~X,)

r = atomic radius, ¢ = 9pm

Note: d and r are measured in picometres (pm). (1 pm = 102 m)
Based on the above information, answer the following questions.

(i) What is the name used to identify the type of o bond between A and B?

...............................................................................................................

...............................................................................................................

(iii) Write the equation to calculate the dipole moment () of molecule AB and show its
direction.

Isee page four
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Do not
(iv) Calculate the percentage of ionic character of the H-F bond in the HF molecule using w,i:;
the data given below. in this
cofumn.

2. (@) A, B, Cand D are chlorides of p-block elements. These elements have atomic numbers less

Inter-nuclear distance of H, (dy_g) = 74 pm Electronegativity of F = 4.0
Inter-nuclear distance of F, (dp_p) = 144 pm Dipole moment of HF = 6.0 x 10 Cm
Electronegativity of H =21 Charge of an electron = 16 x 1071°C

(20 marks)

than 20. A description of the products (P,—P,) formed when A is reacted with a limited
amount of water and B, C and D are reacted with excess water are given below.

Compound Description of products
P, ia compound with a covalent network structure
A P, |a strong monobasic acid
B P, |a gas that tumns red litmus blue
P, |a compound with bleaching properties
P, |a tribasic acid
¢ P, |a strong monobasic acid
P, |a gas that turns acidic KMnO, solution colourless
D P, |a colloidal solid
P, |a strong monobasic acid

() ldentify A, B, C and D (give the chemical formulae).

i B: C: D:
Al e  ererreeeens s veeeeee DU

(ii) Give balanced chemical equations for the reactions of A, B, C and D with water to
give products P, to P,.

...............................................................................................................
...............................................................................................................
...............................................................................................................

...............................................................................................................

-

[see page fiv
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(i) Write balanced chemical equations for the following reactions. 5‘:1::3‘
; in this
L. P, with NaOH(aq) column.

L R R N I I T T I T I T T T, T
.........................................................................................................

.........................................................................................................

(b) A student is provided with bottles labelled P, Q, R, S, T and U containing aqueous solutions
of Al(SO,);, H,SO,, Na,$,0,, BaCl,, PiXAc), and KOH (not in order). Some useful
observations for their identification on mixing two solutions at a time are given below.
(Ac - Acetate ion)

Solutions mixed Observations
I T+R a clear colourless sotution
II P+R a white precipitate
I T+S a gelatinous white precipitate
v U+R a white precipitate
V. P+Q  |awhite precipitate, tums black on heating
VI P+U a white precipitate, dissolves on heating
(i) Identify P to U.
P, Q: Rioiiin,
S j OO U
(ii) Give balanced chemical equations for each of the reactions I to VL.
SRR UU SO UTUUTUTURUUTUUOUORUUOURUUO
B ettt ettt ee e e et
EE ettt en e e et r e e
Yoot
V: formation of white Precipitate: .................ceeieyuiveeeeeeeereneeeereeseeeseeesseeeeans
turning black on heating: ..............coiiiviiiiiiiiiiiriiiere e eee e eeeeee e
Vet sttt e e reeeeness e v s
(Note: indicate precipitates as }) (50 marks)

3. (a) A saturated agueous solution of a sparingly soluble salt AB,(s) was prepared by stirring
an excess amount of AB,(s) in 1.0 dm? of distilled water at 25 °C. The amount of A?*(aq)
ions present in this saturated aqueous solution was found to be 2.0 x 10~ mol.

(i) Write the equilibrium related to the dissolution of AB,(s) in the above system at 25°C.

...............................................................................................................

...............................................................................................................

...............................................................................................................
-

[see page six
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(i) Calculate the value of the equilibrium constant stated in (i) above at 25°C.

..................................................................................................................

(iv) Another saturated aqueous solution of AB,was prepared by stirring an excess amount
of AB,(s) in 20dm? of distilled water at 25°C. Giving reasons, predict the value of
the equilibrium constant for this system.

...............................................................................................................

...............................................................................................................

(v) A small amount of the strong electrolyte NaB(s) is added to a saturated aqueous solution
of AB, at 25°C. Giving reasons, predict whether the concentration of AZ*(aq) is increased
or decreased.

................................................................................................................
...............................................................................................................

...............................................................................................................

(b) In an aqueous solution, propanoic acid (C,H;COOH) jonizes as given below.
C,H,COOH(aq) + H,0() = C,H,CO0(aq) + H,0%(aq)
At 25°C, K, (propanoic acid) = 1.0 x 10
(i) Write the expression for the equilibrium constant for the above reaction at 25 °C.

...............................................................................................................

...............................................................................................................

(i) 1000 cm® of an aqueous solution of C,H,COOH(aq) was prepared by dissolving
0.74 cm® of C,H,COOH in distilled water at 25 °C. Caliculate the pH of the solution at 25 °C.

(C = 12; O = 16; H=1; consider the density of C,H,COOHas 10 g cm™)

(40 marks)

Do not
write

in this
column.

v

|see page seven
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|

4. (0) A, B, C and D are structural isomers having the molecular formula CgH,,. None of them show
optical isomerism. All four isomers, A, B, C and D when treated with HgS8O,/dil. H,SO, give (in this
products which react with 2 4-dinitrophenylhydrazine (24-DNP) to give coloured precipitates, | column.

Only A gives a precipitate with ammonical AgNO,. A has only one position isomer, which is B.
B is a chain isomer of C. C reacts with HgSO,/dil. H,SO, to give two products E and F.
D reacts with HgSO,/dil. H,SO, to give only one product, which is E.

(i) Draw the structures of A, B, C, D, E and F in the boxes given below.

D E F
(ii) Which of the compounds A, B, C and D gives a product that does not show diastereoisomerism
when reacted separately with H, / Pd-BaSO, / quinoline?

(ili) Draw, in the box given below, the structure of the product G obtained when A is
reacted with excess HBr.

G
(iv) Draw the structures of products X and Y obtained in the following reactions of E, in the
appropriate boxes.

NaBH, 1 CHMgBr
Methanol 2. H/HO

X Y

Name =2 test to distinguish between X and Y.

..................................................................................................................

Do not

write

-

J

[see page eight
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Do

(b) (i) Complete the following three reaction sequences by drawing structures of compounds wﬁ:;m
K, L and M and giving the reagents/catalysts P, Q and R in the boxes given below. |in this

column.

Sequence 1: et
CH,CH=CCH, P CH,CH—CHCH, CHC=CNa® o
CH, (Reaction 1) Br CH, (Reaction 1I)
P K
Sequence 2 . H,
é Zn(Hg)/conc- HCI: L Q - HCN . M
{Reaction III) (Reaction 1V) H (Reaction V)
3
L Q M
Sequence 3: R
CH,CH,G=0 ~ cHCH,C=N— Y
CH {Reaction VI}

(30 marks)

R

(ii) Selecting from the reactions I-VI, give one (01) example for each of the following
types of reactions.

Nucleophilic addition — «oooormiminiinnririii

Nucleophilic SUDSHIUEON  ..oovvieniiiiviaieciariiriiiiinens (10 marks)

o

[see page nine
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% Universal gas constant R = 8.314 J K~! mol™!
% Avogadro constant N, = 6022 x 102 mor™!

PART B — ESSAY
Answer two questions only. (Each question carries 150 marks.)

S. {@ A compound XY,Z,(g) undergoes dissociation when heated to temperatures above 300 K as given
below.

A
XY,Z,(8) = XY,(® + Z,(g)

A sample of 7.5 g of XY,Z,(g) was placed in an evacuated 1.00 dm® rigid-closed container and
the temperature was raised to 480 K.

Molar mass of XY,Z,(g)is 150 g mol-!. Use the approximate value of 4000 J mol™! for RT at
480 K. Assume ideal gas behaviour for all gases.

(1) Calculate the number of moles of XY,Z.(g) in the container before dissociation.

(if) When the above system reaches equilibium at 480 K, the total number of moles in the
container was found to be 7.5 x 102 mol. Calculate the number of moles of XY,Z,(g),
XY, (g) and Z,(g) in the equilibrium mixture at 480 K.

(iit) Calculate the equilibrium constant K for the above reaction at 480 K.
(iv) Calculate K, for the equilibrium at 480 K. (75 marks)

{b) For the reaction XY,Z,(g) - XY, (g) + Z,(g) described in (a), Gibbs free energies (G) at 480 K for
XY,Z(8), XY,(g) and Z,(g) are —60 kI mol~!, —76 kJ mol~! and —30 kJ mol~' , Tespectively.

(i) Calculate AG (in kJ mol™) for the reaction at 480 K.

(ii) The magnitude of AS of the above reaction is 150 J K-! mol-! at 480 K. Calculate AH for
the reaction at 480 K by using the appropriate sign (—or +) of AS.

(iii} By using the sign (- or+) of AH obtained in (i1), explain whether this reaction is exothermic
or endothermic.

(iv) Deduce the enthalpy difference for the formation of XY,Z,(g) from XY,)(g) and Z,(g) at
480 K.

(v) If the bond enthalpy of the X-Z bond in XY,Z,(g) is +250 kJ mol™!, calculate the bond

enthalpy of the Z-Z bond. Y
(Assume that XY,Z,(g) has the structure Z———}H{—Z)
Y

(vi) If liquid XY,Z, is used instead of gaseous XY,Z,, giving reasons, expiain whether the value

of AH obtained for the reaction XY,Z,(D - XY,(g + Z,(g) is equal to, or higher or lower
than AH obtained in (). s marks)J

[see page ten
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6. (@) Consider the reaction given below occurring in a closed container at a given temperature T.

2N,04(8) — 4NO,(g) + O(8)

(i) Write three expressions for the rate of reaction relevant to each of the compounds appearing
in the reaction.

(ii) This reaction was carried out at temperature T with an initial concentration of 0.10mol dm3 of
N,O4(g). It was found that 40% of the initial amount was decomposed after a period of 400 s.

I. Calculate the average rate of decomposition of N,O(g) in this time interval.
II. Calculate average rates of formation of NO,(g) and O,(g)-

(i) In another experiment, initial rates were measured for this reaction at 300 K and the results
are given below.

[N,O4(g)] / mol dm™ 0.01 0.02 0.03

Initial rate / mol dm™ s7! 6030x 107 | 1386x 10 | 2079x 107

Derive the rate law for the reaction at 300 K.

(iv) Another experiment was carried out at 300 K with an initial concentration of 0.64 mol dm
of N,O(g). It was found that the concentration of N,OJ(g) which remained after a period
of 500s was 2.0 x 10°2 mol dm™.

I. Calculate the haif-life (t%) of the reaction at 300 K.
II. Calculate the rate constant of the reaction at 300 K.

(v) This reaction proceeds through a mechanism involving the following elementary steps.
Stepl @ NOf® + NO,(g) + NO,(g) : Fast
Step2 : NOs(2) + NOJ(g) — 2NO,(g) + Ofg) : Slow
Step3 : N,OJg) + XKg) —  2NO,(g) + O,(®) : Fast

Show that the above mechanism is consistent with the rate law of the reaction. (80 marks)

(b) An ideal binary-liquid mixture was prepared by mixing two liquids of A and B in a closed
evacuated container at temperature T. After establishing the equilibrium at temperature T, partial
pressures of A and B in the vapour phase are P, :omd P, respectively. At temperature T, the
saturated vapour pressures of A and B are Fy and B, , respectively. Mole fractions of A and B
in solution are X, and Xy, respectively.

@) Show that P, = P, X,
(Consider that the rates of vaporization and condensation are equal at equilibrium.)
(i) In the above system at 300 K, the total pressure was 5.0 % 1¢* Pa. The saturated vapour
pressures of pure A and B at 300K, are 7.0 x 10* Pa and 3.0 x 10* Pa, respectively.
. Calculate the mole fraction of A in the liquid phase of the equilibrium mixture.
[I. Calculate the vapour pressure of A in the equilibrium mixture,
(70 marks)

-

[see page eleven
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7. (@ (i) To compare the properties of Electrolytic and Galvanic celis, copy and complete the following
table using the given terms,
Terms: anode, cathode, positive, negative, spontaneous, non-spontaneous,

Electrolytic cell Galvanic cell
A.|Oxidation half-reaction takes piace at
B.|Reduction half-reaction takes place at
C.|Sign of Efeu
D. | Electron flow From .........10 ........... From ..........t0 ...........
E.| Spontaneity of the cell reaction

(i) An electrochemical cell was constructed at 300 K by using a Zn(s) anode, an aqueous alkaline
electrolyte and a porous Pt cathode which facilitates the collection of oxygen O,(g) from air
as shown below. As the cell operates ZnO(s) is produced.

You are given that @
EZ°nO(s}|Zn(s)lOH‘(aq) =-131V and Egz(g)IOH“(aq) =+034 V
Zn = 65 gmol™, O = 16 gmol! and g’giﬁ
1 F=96500C | £PiE
. Write the half-reactions occurring at anode Anode—t> Electrolyte ?23 Porous
and cathode. &3] Cathode

II.  Write the overall cell reaction.
III.  Calculate the cell potential E;uat 300K,

IV.  State the direction of migration of OH"(aq) ions between the electrodes.

V. When the cell operates for a period of 800s at 300 K, 2 mol of O,(g) are consumed.
A. Calculate the number of moles of electrons passing through the cell.
B. Calculate the mass of ZnO(s) formed.
C. Calculate the current passing through the cell. (75 marks)

(b) A coloured complex ion P is formed when the salt M(N03)n is dissolved in distilled water.
M is a transition element belonging to the 34 block. P undergoes the following reactions.
ag. NH, excess ag. NH,

[
—

(blue coloured precipitate) (deeply coloured solution)

P

I:P“l conc. HCI -
= > .
(vellow coloured solution)

L
-

(reddish-brown precipitate)
T and U are coordination compounds each containing four elements. P, R and S are complex ions.
(i) Identify the metal M. Give the oxidation state of M in complex ion P.
(ii) Give the valve of n in M(N03)n.
(i) Write the complete electronic configuration of M in complex ion P.
(iv} Write the chemical formulae of P,Q R, S, Tand U.

(v) Give the IUPAC names of P,R,S, Tand U.
(vi) What is the colour of P?

(vii) What would you expect to observe in I and 1I given below?
I. When H,S gas is passed into an acidic solution containing P at room temperature

II.  When the mixture obtained in I above is heated with dilute HNOQ, after the removal
of dissolved HZS

(viii) Briefly describe a method with the aid of balanced chemical equations for determining
the concentration of M™ present in an aqueous solution, using the following chemicals.
KI, N825203 and starch. (75 marks) |

[see page twelve
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PART C — ESSAY
Answer two questions only. (Each question carries 150 marks.)

8. (a)

(b

(<)

(i) Given below is a reaction scheme for the synthesis of compound G using CH,CH,CH,0H
as the only organic starting compound.
Complete the reaction scheme by drawing the structures of compounds A,B,C,D,E and F
and writing the appropriate reagents for steps 117, selected only from those given in the list.
Step 1 Step 2 Step 3
CHCH,CHOH —21> A =225 B ——> C
lStep 4
D
lc
OH .
Step 6 Step 7
E 225 CH,CH,CH-CH-CH,§ Spé, g 2> CH,CH,CH-CHCH,
CH, CH,
G
ist of Reagents
HBr, PBr;, pyridiniumchlorochromate (PCC),
Mg/ dry ether, KCN, conc. H,S0,, dil. H,50, (52 marks)
(ii) Consider the following series of reactions.
Draw ihe structures of compounds G, H and K. Give the reagents X, Y and Z.
1. LiAlH,
HO 0Cl 2. H*/H,0
@C X > G Y - -—z—:i- H —Ix K
H,0H
Note that K gives benzyl alcohol ) when reacted with NaNO,/ dil. HCI.
(24 marks)
(i) Show how the following conversion could be carried out in not more than three steps.
H, Br
—
Br ' (20 marks)
(ii) Consider the following reaction.
CH,CHCH,
O
Identify the chemical substances P and Q necessary to carry out this reaction.
Write the mechanism of this reaction. (20 marks)
(i) Explain why phenol is more reactive in electrophilic substitution reactions than benzene,
by considering their resonance hybrids.
(ii) Mustrate the difference in reactivity between phenol and benzene as given in (i) above by means
of a suitable reaction.
(iii) Draw the structure(s) of product(s) you described in the reaction in (i) above. (34 marks)

[see page Ihiﬂt;;
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9. (@ (i) Write the chemical formulae of the substances A — Q given in the flow chart below.
(Note: Chemical equations and reasons are not expected for the identification of substances A ~ Q.)
The symbols given in the box (dash lines) are used to represent solids, precipitates, solutions

and gases. e e e e e .
1 [ ]
] ]
dil. H,SO i O v ;
20 ! !
+ @ i solid precipitate }
meral pate green colourless, : l:
e 1 O
dil. NaOH { solution gas |
Jr L/ + + I strong monobasic acid I
black  pale yellow/
milky white
dirty green ! k%, J
:
iHint: T TT T H clear colourless
; Hint: ; u |
- E is a compound that contains two E
; 1 elements belonging to the first two ! II' @ dil.
s periods of the Periodic Table. i | colourless colourless, NH,OH
"""""""""""""" ‘ il bad odour
il,
dark blue T_H_] ,edd, sh-brown yeHOW-brown white
dil. NaOH
Heat _—
slightly acidic turns filter paper
¥ moistened with
¥ Nessler's reagent brown
reddish-brown deep red

(ii) Write the complete electronic configuration of A,
(il1) State the function of E in the conversion of D to F. Give the relevant balanced chemical
equations for the stated function. (75 marks)
(6) The solid X contains only Cu,S and CuS. The following procedure was used to determine the
percentage of Cu,S in X.
Procedure
A 1.00 g portion of solid X was treated with 100.00 cm® of 0.16 mol dm= KMnO, in dilute
H,SO, medium. This reaction gave Mn2*, Cu?* and SO7 as products. Thereafter, the excess
KMnQ, in this solution was titrated with 0.15 mol dm™= Fe?* solution. The volume required for
the titration was 35.00 cm?,
(i) Write the balanced ionic equations for the reactions taking place in the above procedure.
(i) Based on the answers to (i) above, determine the molar ratio between,
[. Cu,S and KMnO,
II. CuS and KMnQ,
II. Fe** and KMnO,
(iii) Calculate the percentage by weight of Cu,$ in X. (Cu = 63.5, S = 32) (75 marks) |
{see page fourteen

.
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10. (@) The following questions are based on the properties of titanium dioxide (T i0,) and its manufacture
carried out by the "Chloride Process".
(i) Name the raw materials used in this process.
(ii) Briefly describe the manufacturing process of TiO, giving balanced chemical equations where
applicable.
(iii) State three properties of TiO, and give one use each, relevant to each property.
@v) If you were to consider establishing a TiO, manufacturing plant in Sri Lanka, state three
requirements that need to be fulfilled. :
{(v) Does the manufacturing process described in (ii) above contribute to global warming?
Justify your answer. (50 marks)

(b) Curvently, global warming due to change in greenhouse effect is significantly greater than tha{
before the industrial revolution.
(i) Explain briefly what is meant by greenhouse effect.
(i) Identify the major environmental problem that occurs due to global warming.
(iii) State two main natural gases that contribute to global warming.
(iv) Explain briefly how microorganisms contribute to the release of the gases you stated in (iii).
(v) In addition to the gases you stated in (iii), name two classes of synthetic volatile compounds
that directly contribute to the global warming, and selecting one compound from each class,
draw their structures.
(vi) Select one class of compounds from the two classes you stated in (v) that contributes to the
catalytic degradation of ozone in the upper atmosphere.
(vii) The slow down of industrial activities due to the Covid-19 pandemic temporarily eased the
global environmental issues in many countries. Justify this statement by using two main global
environmental issues you have learnt. (50 marks)

(¢) The following questions are based on the polymers given below.
‘Polyvinyl chloride (PVC), Polyethylene (PE), Polystyrene (PS), Bakelite,
Nylon 6.6, Polyethylene terephthalate (PET), Gutta percha
(i) Draw the repeating units of four of the above polymers.
(ii) Categorize each of the above seven (7) polymers as either,
[. natural or synthetic polymers.
11. addition or condensation polymers.
(iii) Name the two monomers used in the formation of bakelite.
(iv) Polymers can be grouped into two categories based on their thermal properties. State these
two categories. Write to which of these categories PVC and bakelite belong.
(v) Give one use each for three of the polymers given in the above list. (50 marks)

¥ % ¥

—
[see page fifteen
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Universal gas constant, R = 8314 J K™ mol™!
Avogadro constant, N, = 6.022 x 102> mol™!
In answering this paper, you may represent alkyl groups in a condensed manner.

H H

#* ok ok Kk ¥

Example: H—(:Z——(ll— group may be shown as CH3CH2—
|

H H
Q PART A — Structured Essay (pages 02 - 08)
% Answer all the questions on the question paper itself.
% Write your answer in the space provided for each question. Please note that the space provided is sufficient
for the answer and that extensive answers are not expected.

Q PART B and PART C — Essay (pages 09 - 14)

% Answer four questions selecting two questions from each part. Use the papers supplied for this purpose.

* At the end of the time allotted for this paper, tie the answers to the three Parts A, B and C together so
that Part A is on top and hand them over to the Supervisor.

% You are permitted to remove only Parts B and C of the question paper from the Examination Hall.

For Examiner’s Use Only
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1
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4
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B 6
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8 J
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f PART A — STRUCTURED ESSAY )
Do not

Answer all four questions on this paper itself. (Each question carries 100 marks.) .
in this
column.

1. (a) Write the answers to the questions given below on the dotted lines.

(i) Of the three ions Na*, Mg2*and F , which one has the smallest ionic
radius? et '

(i) Of the three elements C,N and O, which one has the highest second
ionization energy? e

(iii) Of the three compounds H,0, HOCI and OF,, which one has the most
electronegative oxygenatom? e

(iv) Of the three elements Be,C and N, which one will liberate energy when
an electron is added to its atom [Y(g) + € — Y (g); Y = Be,C, N] in the
gaseous state? e

(v) Of the three ionic compounds NaF, KF and KBr, which one has
the higtiesE Salnbslity: 1 AWATCY” R =SR2, . ... coeenn e

(vi) Of the three compounds HCHO, CH,F and H,0,, which one has the
strongest intermolecular forces? @ e

() (i) Draw the most acceptable Lewis dot-dash structure for the ion, N2032‘. Its skeleton is
given below.

O—N—N-0O

(i) Draw three more Lewis dot-dash structures (resonance structures) for this ion. Indicate the
relative stabilities of the structures drawn by you, when compared with the most acceptable
structure drawn in (i) above, by writing 'less stable' or 'unstable' under these structures.

(iii) Complete the given table based on the Lewis dot-dash structure and its labelled skeleton
given below.

{Ql—N=N—Q—C=N: Cl—N'—N*—Q*—C*—N
N' N? o’ c

VSEPR pairs around the atom

electron pair geometry around the atom

shape around the atom

hybridization of the atom

[see page three i
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Do not
@ Parts (iv) to (vii) are based on the Lewis dot-dash structure given in part (iii) above. Labelling f’“'i;
. . n s
of atoms is as in part (iii). ol
(iv) Identify the atomic/hybrid orbitals involved in the formation of ¢ bonds between the two
atoms given below.
I. CI—N! O0 o cemmmmmensossmommsnssensns N s
II. N—oO N oo O e
. N'—N? R N* oo
IV. N—0O® N2 e ¢ AT e
v. o*—¢* ' o N B csrsvisasvnsmmmsrrons
VI. C*—N CF v 2 T
(v) Identify the atomic orbitals involved in the formation of &z bonds between the two atoms given
below.
I. N'—N? Wy, Svemm. aenwns N2 iiviiiiessennannenedonnes
. C*—N oamel . Becewmemm .
ol .. W N .o
(vi) State the approximate bond angles around N!, N?, O° and C* atoms.
N......i : NEL... o ,  ORes. ... : L.
(vii) Arrange the atoms N!, N2, 0® and C*in the increasing order of electronegativity.
............ c IS i e~ S v S H I (56 marks)
(c) Consider the following information.
I. The atoms A and B combine to form a heterodiatomic molecule AB that has
a o bond. This is represented as A-B.
II. The electronegativity of A is less than that of B (X, < Xg).
X = electronegativity of the atom
II. The inter-nuclear distance between A and B atoms (d, p) of the AB molecule
is given by the following equation.
dyg= I+ rg —c(Xg—X,)
r = atomic radius, ¢ = 9 pm
Note: d and r are measured in picometres (pm). (1 pm = 1072 m)
Based on the above information, answer the following questions.
(i) What is the name used to identify the type of o bond between A and B?
(ii) Show how fractional charges (8+ and &-) are located in the molecule AB.
(iii) Write the equation to calculate the dipole moment () of molecule AB and show its
direction.
e J
[see page four
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r_ Y
Do not
(iv) Calculate the percentage of ionic character of the H-F bond in the HF molecule using |write
the data given below. in this
Inter-nuclear distance of H, (dy;_;) = 74 pm Electronegativity of F = 4.0 e
Inter-nuclear distance of F, (dp_;) =144 pm Dipole moment of HF = 6.0x 10 Cm
Electronegativity of H =21 Charge of an electron = 1.6x 107'°C
(20 marks)
2. (@) A, B, C and D are chlorides of p-block elements. These elements have atomic numbers less
than 20. A description of the products (P,—P,) formed when A is reacted with a limited
amount of water and B, C and D are reacted with excess water are given below.
Compound Description of products
P, |a compound with a covalent network structure
& P, |a strong monobasic acid
P, |a gas that turns red litmus blue
B | P, |a compound with bleaching properties
P, |a tribasic acid
C P |a strong monobasic acid
P, |a gas that turns acidic KMnO, solution colourless
D P, |a colloidal solid
P, |a strong monobasic acid
(i) Identify A, B, C and D (give the chemical formulae).
Al e B Covreeieennans ) ) ST
(ii) Give balanced chemical equations for the reactions of A, B, C and D with water to
give products P, to P,.
[see page five
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Do not
write

in this
column.

(iii) Write balanced chemical equations for the following reactions.

I. P, with NaOH(aq)

.........................................................................................................

.........................................................................................................

(b) A student is provided with bottles labelled P, Q, R, S, T and U containing aqueous solutions
of Al(SO,),, H,SO,, NaS,0,, BaCl,, Pb(Ac), and KOH (not in order). Some useful
observations for their identification on mixing two solutions at a time are given below.
(Ac - Acetate ion)

Solutions mixed Observations

| T+R a clear colourless solution
I P+R a white precipitate
1 T+S a gelatinous white precipitate
v U+R a white precipitate
\ P+Q a white precipitate, tuns black on heating
VI P+U a white precipitate, dissolves on heating

(i) Identify P to U.

.......................................................................................................
.......................................................................................................
.......................................................................................................
1V:
L T R L LR R R R R ]

V: formation of White PreCipitate: ...........o.eeiviueurusreentaeieisiiiiiienieeareisiseasanens
turning black on heating: .........ocoiuiiiiiiiiiiii e

.......................................................................................................

(Note: indicate precipitates as }) (50 marks)
3. (a) A saturated aqueous solution of a sparingly soluble salt AB,(s) was prepared by stirring

an excess amount of AB,(s) in 1.0 dm? of distilled water at 25 °C. The amount of AZ*(aq)
ions present in this saturated aqueous solution was found to be 2.0 x 10~ mol.

(i) Write the equilibrium related to the dissolution of AB,(S) in the above system at 25 °C.

------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

...............................................................................................................

- -

[see page six
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e

!

(iii) Calculate the value of the equilibrium constant stated in (ii) above at 25°C.

..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................

..................................................................................................................

(iv) Another saturated aqueous solution of AB,was prepared by stirring an excess amount
of AB,(s) in 2.0dm3 of distilled water at 25°C. Giving reasons, predict the value of
the equilibrium constant for this system.

...............................................................................................................

...............................................................................................................

(v) A small amount of the strong electrolyte NaB(s) is added to a saturated aqueous solution
of AB, at 25°C. Giving reasons, predict whether the concentration of A?*(aq) is increased
or decreased.

................................................................................................................
...............................................................................................................

...............................................................................................................

(b) In an aqueous solution, propanoic acid (C,H;COOH) ionizes as given below.
C,H,COOH(aq) + H,0()) = C,H,CO0(aq) + H;0%(aq)
At 25°C, K, (propanoic acid) = 1.0 x 107
(i) Write the expression for the equilibrium constant for the above reaction at 25 °C.

...............................................................................................................

...............................................................................................................

(ii) 1000 cm® of an aqueous solution of C,H,COOH(aq) was prepared by dissolving
0.74 cm? of C,H,COOH in distilled water at 25 °C. Calculate the pH of the solution at 25 °C.

(C=12; O=16; H=1; consider the density of C,H,COOH as 1.0 g cm™)

(40 marks)

Do not
write

in this
column.

>

[see page seven
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Do not
4. (a) A, B, C and D are structural isomers having the molecular formula C;H, ;. None of them show wmr;o

optical isomerism. All four isomers, A, B, C and D when treated with HgSO,/dil. H,SO, give |in this
products which react with 2 4-dinitrophenylhydrazine (2,4-DNP) to give coloured precipitates. |column.
Only A gives a precipitate with ammonical AgNO;. A has only one position isomer, which is B.
B is a chain isomer of C. C reacts with HgSO,/dil. H,SO, to give two products E and F.
D reacts with HgSO,/dil. H,SO, to give only one product, which is E.

(i) Draw the structures of A, B, C, D, E and F in the boxes given below.

D E F
(i) Which of the compounds A, B, C and D gives a product that does not show diastereoisomerism
when reacted separately with H, / Pd-BaSO, / quinoline?

(iii) Draw, in the box given below, the structure of the product G obtained when A is
reacted with excess HBr.

G
(iv) Draw the structures of products X and Y obtained in the following reactions of E, in the
appropriate boxes.
NaBH, E 1. C,H,MgBr
"~ Methanol 2. H/H,0
X Y

Name a test to distinguish between X and Y.

..................................................................................................................

L )
[see page eight
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Do not
(b) (i) Complete the following three reaction sequences by drawing structures of compounds wn-::
K, L and M and giving the reagents/catalysts P, Q and R in the boxes given below. [in this
column.
Sequence 1: oy e
CH,CH=CCH, — P . CH,CH—CHCH, i i W
CH, (Reaction 1) Br CH, (Reaction 1)
P K
Sequence 2: HO
Zn(Hg)/ HCI
n(Hg) /conc- HCI L Q - HCN . M
(Reaction 1II) (Reaction IV) OCH, (Reaction V)
L Q M
Sequence 3: P
CH,CH =0 - CHSCHZE-:N—D
CH (Reaction VI) H,
R (30 marks)
(ii) Selecting from the reactions I-VI, give one (01) example for each of the following
types of reactions.
Nucleophilic addifiol = .ucsimuamnimsssis e s
[
Niucleophilic subsBIUHON  .....cccwiaiviasiiosasissiiive (10 marks)
¥ ¥

»

[see page nine
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% Universal gas constant R = 8.314 J K~ mol™
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Chemlstry 11
Answer two questions only. (Each question carries 150 marks.)

5. (@) A compound XY,Z,(g) undergoes dissociation when heated to temperatures above 300 K as given
below.

A

A sample of 7.5 g of XY,Z,(g) was placed in an evacuated 1.00 dm? rigid-closed container and
the temperature was raised to 480 K.

Molar mass of XY,Z,(g) is 150 g mol~'. Use the approximate value of 4000 J mol~! for RT at
480 K. Assume ideal gas behaviour for all gases.

(i) Calculate the number of moles of XY,Z,(g) in the container before dissociation.

. (ii) When the above system reaches equilibrium at 480 K, the total number of moles in the
container was found to be 7.5 x 1072 mol. Calculate the number of moles of XY,Z(g),
XY,(g) and Z,(g) in the equilibrium mixture at 480 K.

(iii) Calculate the equilibrium constant K, for the above reaction at 480 K.
(iv) Calculate Kp for the equilibrium at 480 K. (75 marks)
(b) For the reaction XY,Z,(g) —» XY,(g) + Z,(g) described in (a), Gibbs free energies (G) at 480 K for
XY,Z,(8), XY,(g) and Z,(g) are 60 kJ mol~!, 76 kJ mol~' and ~30 kJ mol ™', respectively.
(i) Calculate AG (in kJ mol™) for the reaction at 480 K.

(ii) The magnitude of AS of the above reaction is 150 J K™! mol~! at 480 K. Calculate AH for
the reaction at 480 K by using the appropriate sign (- or +) of AS.

(iii) By using the sign (—or +) of AH obtained in (ii), explain whether this reaction is exothermic
or endothermic.

(iv) Deduce the enthalpy difference for the formation of XY,Z,(g) from XY,(g) and Z,(g) at
480 K.

(v) If the bond enthalpy of the X-Z bond in XY,Z,(g) is +250 kJ mol ™!, calculate the bond
enthalpy of the Z-Z bond. Y

(Assume that XY,Z,(g) has the structure Z—)::(—Z)

- Y
(vi) If liquid XY,Z, is used instead of gaseous XY,Z,, giving reasons, explain whether the value
of AH obtained for the reaction XY,Z,() - XY,(g) + Z,(g) is equal to, or higher or lower

|see page ten
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6. (a) Consider the reaction given below occurring in a closed container at a given temperature 7.
2N,04(g) — 4NO,(g) + O,(g)

(i) Write three expressions for the rate of reaction relevant to each of the compounds appearing
in the reaction.

(ii) This reaction was carried out at temperature 7 with an initial concentration of 0.10moldm™ of
N,O.(g). It was found that 40% of the initial amount was decomposed after a period of 400 s.
[. Calculate the average rate of decomposition of N,O((g) in this time interval.

II. Calculate average rates of formation of NO,(g) and O,(g).

(iii) In another experiment, initial rates were measured for this reaction at 300 K and the results
are given below.

[N,O4(g)]/ mol dm™ 0.01 0.02 0.03

Initial rate / mol dm™ s™! 6930x%x 10° | 138 x10* | 2.079x 10~

Derive the rate law for the reaction at 300 K.

(iv) Another experiment was carried out at 300 K with an initial concentration of 0.64 mol dm™

of N,O(g). It was found that the concentration of N,O,(g) which remained after a period
of 500s was 2.0 x 102 mol dm™.

I. Calculate the half-life (t,/2 ) of the reaction at 300 K.
II. Calculate the rate constant of the reaction at 300 K.

(v) This reaction proceeds through a mechanism involving the following elementary steps.
Stepl : N,O(g) = NOs(g@ + NO,(g . Fast
Step2 : NO4(g) + NO,(g) — 2NO,(g) + O(g) : Slow
Step3 : N,OJ(g) + O(g) — 2NO,(g) + O,(g) : Fast
Show that the above mechanism is consistent with the rate law of the reaction. (80 marks)
(b) An ideal binary-liquid mixture was prepared by mixing two liquids of A and B in a closed
evacuated container at temperature T. After establishing the equilibrium at temperature 7', partial

pressures of A and B in the vapour phase are P, and Py, respectively. At temperature 7, the

saturated vapour pressures of A and B are }iandP; , respectively. Mole fractions of A and B
in solution are X, and Xj, respectively.

(i) Show that P, = P, X,

(Consider that the rates of vaporization and condensation are equal at equilibrium.)

(ii) In the above system at 300 K, the total pressure was 5.0 x 10* Pa. The saturated vapour
pressures of pure A and B at 300 K, are 7.0 x 10* Pa and 3.0 x 10* Pa, respectively.

[. Calculate the mole fraction of A in the liquid phase of the equilibrium mixture,
II. Calculate the vapour pressure of A in the equilibrium mixture.

(70 marks)

J
[see page eleven
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-

7. (@) (i) To compare the properties of Electrolytic and Galvanic cells, copy and complete the following
table using the given terms.
Terms: anode, cathode, positive, negative, spontaneous, non-spontaneous.

Electrolytic cell Galvanic cell
A.|Oxidation half-reaction takes place at
B.|Reduction half-reaction takes place at
C.|Sign of E:eu
D.|Electron flow From .......... s From .......... £O coervecee:
E.|Spontaneity of the cell reaction

(ii) An electrochemical cell was constructed at 300 K by using a Zn(s) anode, an aqueous alkaline
electrolyte and a porous Pt cathode which facilitates the collection of oxygen O,(g) from air
as shown below. As the cell operates ZnO(s) is produced.

You are given that @
Egro00)| 2009 | ot = ~131 V 00 BG4y = #034 V
Zn = 65 gmol™, O = 16 gmol™! and gg;g,
1 F = 96,500 C Zn EPLS
I. Write the half-reactions occurring at anode — e g:z Porous
and cathode. o8| Cathode

Il. Write the overall cell reaction.
III. Calculate the cell potential E;u at 300 K.

IV. State the direction of migration of OH™(aq) ions between the electrodes.

. V. When the cell operates for a period of 800 s at 300 K, 2 mol of O,(g) are consumed.
A. Calculate the number of moles of electrons passing through the cell.

B. Calculate the mass of ZnO(s) formed.

C. Calculate the current passing through the cell. (75 marks)

(b) A coloured complex ion P is formed when the salt M(NO,) is dissolved in distilled water.
M is a transition element belonging to the 3d block. P undergoes the following reactions.
aq. NH, excess aq. NH,

T
o

(blue coloured precipitate) (deeply coloured solution)

-
-

I:P"] conc. HCI "
= (vellow coloured solution)

U
.
(reddish-brown precipitate)

T and U are coordination compounds each containing four elements. P, R and S are complex ions.

(i) Identify the metal M. Give the oxidation state of M in complex ion P.

(ii) Give the value of n in M(NO,) .

(1ii) Write the complete electronic configuration of M in complex ion P.

(iv) Write the chemical formulae of P, Q, R, S, T and U.

(v) Give the IUPAC names of P, R, S, T and U.

(vi) What is the colour of P?

(vii) What would you expect to observe in I and II given below?
I. When H,S gas is passed into an acidic solution containing P at room temperature

II.  When the mixture obtained in I above is heated with dilute HNO, after the removal
of dissolved HZS

(viii) Briefly describe a method with the aid of balanced chemical equations for determining
the concentration of M™ present in an aqueous solution, using the following chemicals.
KI, N825203 and starch. (75 marks)

|see page twelve
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PART C — ESSAY
Answer two questions only. (Each question carries 150 marks.)

8. (a) (i) Given below is a reaction scheme for the synthesis of compound G using CH,CH,CH,OH
as the only organic starting compound.
Complete the reaction scheme by drawing the structures of compounds A, B, C, D, E and F
and writing the appropriate reagents for steps 1 — 7, selected only from those given in the list.

Step 1 Step 2 Step 3

CH,CH,CH,OH > A > B ———>
Step 4
Y
D
C
|4 (PH N
Step 6 Step 7
g 2ERE CH,CH,CH~CH~CH, oy 2 CH,CH,CH-CHCH,
CH, CH,
G
ist of Reagents
HBr, PBr;, pyridiniumchlorochromate (PCC),
Mg/ dry ether, KCN, conc. H,8O,, dil. H,SO, (52 marks)
(ii) Consider the following series of reactions.
Draw the structures of compounds G, H and K. Give the reagents X, Y and Z.
1. LiAIH,
HO ¥ oa 2. H'/H,0
> G > -_—>» H —> K
H,0H
Note that K gives benzyl alcohol ( ) when reacted with NaNO,/ dil. HCI.
(24 marks)

(b) (i) Show how the following conversion could be carried out in not more than three steps.

H, Br
Br f Br

(20 marks)
(ii) Consider the following reaction.
CH,CHCH,
O-r -
Identify the chemical substances P and Q necessary to carry out this reaction.
Write the mechanism of this reaction. (20 marks)

(¢) (i) Explain why phenol is more reactive in electrophilic substitution reactions than benzene,
by considering their resonance hybrids.

(ii) Hlustrate the difference in reactivity between phenol and benzene as given in (i) above by means
of a suitable reaction.

(iii) Draw the structure(s) of product(s) you described in the reaction in (ii) above. (34 marks)

[see page thirteen
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9. (a) (i) Write the chemical formulae of the substances A — Q given in the flow chart below.
(Note: Chemical equations and reasons are not expected for the identification of substances A—-Q.)
The symbols given in the box (dash lines) are used to represent solids, precipitates, solutions

and gases. e .
dil. H,S0, 5 <> v |
g * @ L solid precipitate |
mesal P STeER colourless, E :
odourless :l:__——l O ;
dil. NaOH | solution gas |
Y + + Islrong monobasic acid I
black  pale yellow/
\ milky white )
dirty green Y

A
P~~~ 3

1
1] I
1

L} -
1 E is a compound that contains two m ®
i elements belonging to the first two ! _ dil.

| periods of the Periodic Table, § | colourless colourless, NH,OH
il e e e z il bad odour
il.
V B 1. dil. HN03 V NH40H AgNO3
dark blue reddish-brown yellow-brown white

dil. NaOH
o -4, ()

slightly acidic

turns filter paper
\L moistened with
'] Nessler's reagent brown
reddish-brown deep red

(i) Write the complete electronic configuration of A.
(iii) State the function of E in the conversion of D to F. Give the relevant balanced chemical
equations for the stated function. (75 marks)
(b) The solid X contains only Cu,S and CuS. The following procedure was used to determine the
percentage of CUZS in X.
Procedure
A 1.00 g portion of solid X was treated with 100.00 cm® of 0.16 mol dm KMnO, in dilute
H,SO, medium. This reaction gave Mn?**, Cu®* and SO} as products. Thereafter, the excess
KMnO, in this solution was titrated with 0.15 mol dm= Fe?* solution. The volume required for
the titration was 35.00 cm?.
(i) Write the balanced ionic equations for the reactions taking place in the above procedure.
(ii) Based on the answers to (i) above, determine the molar ratio between,
[. Cu,S and KMnO,
[I. CuS and KMnO,
III. Fe** and KMnO,
(iii) Calculate the percentage by weight of Cu,S in X. (Cu = 63.5, S = 32) (75 marks) |
[see page fourteen
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10. (a) The following questions are based on the properties of titanium dioxide (TiO,) and its manufacture
carried out by the "Chloride Process".
(i) Name the raw materials used in this process.

(ii) Briefly describe the manufacturing process of TiO, giving balanced chemical equations where
applicable.

(iii) State three properties of TiO, and give one use each, relevant to each property.

(iv) If you were to consider establishing a TiO, manufacturing plant in Sri Lanka, state three
requirements that need to be fulfilled.

(v) Does the manufacturing process described in (ii) above contribute to global warming?
Justify your answer. (50 marks)

(b) Currently, global warming due to change in greenhouse effect is significantly greater than that
before the industrial revolution.
(i) Explain briefly what is meant by greenhouse effect.
(ii) Identify the major environmental problem that occurs due to global warming.
(iii) State two main natural gases that contribute to global warming.
(iv) Explain briefly how microorganisms contribute to the release of the gases you stated in (iii).
(v) In addition to the gases you stated in (iii), name two classes of synthetic volatile compounds
that directly contribute to the global warming, and selecting one compound from each class,
draw their structures.
(vi) Select one class of compounds from the two classes you stated in (v) that contributes to the
catalytic degradation of ozone in the upper atmosphere.
(vii) The slow down of industrial activities due to the Covid-19 pandemic temporarily eased the
global environmental issues in many countries. Justify this statement by using two main global
environmental issues you have learnt. (50 marks)

(¢) The following questions are based on the polymers given below.
"Polyvinyl chloride (PVC), Polyethylene (PE), Polystyrene (PS), Bakelite,
Nylon 6.6, Polyethylene terephthalate (PET), Gutta percha
(i) Draw the repeating units of four of the above polymers.
(ii) Categorize each of the above seven (7) polymers as either,
I. natural or synthetic polymers.
II. addition or condensation polymers.

(iii) Name the two monomers used in the formation of bakelite.

(iv) Polymers can be grouped into two categories based on their thermal properties. State these
two categories. Write to which of these categories PVC and bakelite belong.

(v) Give one use each for three of the polymers given in the above list. (50 marks)

* % ¥

J
[see page fifteen
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PART A — STRUCTURED ESSAY
Answer afl four questions on this paper Itself, (Each ouestion carries 10 marks.)

L. (a) Wrile the answers to the questions given below on the dotted lines.

(i) Of the three ions Na*, Mp?* and F, which one has the smallest ionic Ma2*

racling? g
(i) Of the three elements C,N and O, which one has the highest second

ionization cnergy? 0
(iii) QF the theee compounds H,0, HOCL and OF,, which ong has the most

clectronegaiive oxygen atom? e OF2
(iv) Of the three elements Be, C and N, which one will liberate encrgy when

an clectron is added to its alom [Y{g) + e — Y {(g): ¥ = Be,C, N] in the C

gaseous state? L. verias
(v} OF the three jonic compomuds NaF, KF and KBr, which one has

the highest solubility in waler? KE. or, KBr
(vi}) OF the three compounds HCHO, CH,F and H,0,, which one has the

strongest intermolecular forees? e H292.

{04 marks X 6 = 24)
1(a): 24 marks

(5) (i) Draw the most ncceptable Lewis structure for the ion, Nzof’. Its skeleton is given
below,
)

-
»
re

% N—p (08

)
O—N—N-—-0O

-’
»
L]

(i} Draw three more Lewis structures (resonance stroctures) for this jon, Indicate the rolative
stabilities of the structures dzawn by you, when compared with the most acceptable stricture
drawn in (i) above, by wiiting Sess stable' or ‘unstable” under these structires.

L LR a
O :GJ N
e- - =" L .@ aw - ’.9
TN 0+ {02) - Qe==N—N—020. (02)
(less stable} {01) (unstabile) (01}
0

=
‘?}c;,_@;!nlwéri_-b? (02)

{unstable) {07)
(iii) Complete the given table based on the Lewis structure and its labelled skelcton given
below.
’- .p
.cI). o
Cl—g:N— 3—C==N Gl N e N e O3 — 4 =—N
N1 NZ 03 oL
VSEPR pairs around the atom 3 3 4 2
electron pair geometry around the atom trigonal planar trigonal planar tetrahedral linear
shape around the atom trigonal planar angular/ V angular/ V linear
hybridization of the atom sp? sp? sp? sp

(01 X 16 = 16}
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© Paits (iv) lo (vii) are based on the Lewis structure given in part (i) above. Labelling of atoms
is as in part (iii).

{iv) Identify the atomic/hybrid orbitals involved in the formation of ¢ bonds between the two
atoms given below.

L a—N'" .2 ORsp’ N

IN—0 N o 2BORSE . ;
HL N'—N2 N LS, " N LS,
IV. N—@® N S, O LS

V. 0'—C* O L. Beriririeee CF LR

VL C—N € e, N PR . (01X12=12)

(v) Identify the atomic orbitals involved in the formation of 7 bonds between the two atoms given
below.
1. Nl—N? N' L N ji..z.’.u. .............. N2 i N 22’0 ..........
=N ¢ LS N e, N 20,
et LLChAR N o N,2P s (01 X 6 = 06)

NLIZOTET, 1N EINE of L0 T8

(01 X 4 = 04)
(vii} Arrange the atoms NY, N2, 0% and C%in the increasing order of electronegativity.

..... Ch.< .M <« N..< ...O%.. . (03)

1{b): 56 marks

{¢) Consider the following information.
{. The atoms A and B combine o form a heterodialomic molecuie AB that has
& ¢ bond. This is represented as. A-B.

II. The electronegativity of A is less than that of B (X, < Xp).
X = clectronegativity of the atom

III. The inter-nuclear distance between A and B atoms (d,_p) of the AB molecule
is given by the following equation.
daop = fa¥ Ty~ o(Xy—-Xp)
r = atomic radius, ¢ = 9pm
Note: o and r are measured in picometres (pm). (I pm = 1072m)

Based on the above information, answer ihe following gquestions.

(1} What i3 the name used to identify the type of o bond between A and B?
Polar covalent bond {03}

................. IR R e N R A e T R R PP SRR R

(iiy Show how fractional charges (§+ and &-) are located in the molecule AB,
Adt— B&- _ (03)

..............................................................................................................

(iti} Write the equation to calculate the dipole moment {x) of molecule AB and show its
direction.

—_ -+
A—B

n=dasxd OR p=gr, A—B OR (01 + 01)
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(iv) Calculate the percentage of jonic character of the H-F bond in the HF mofccule using
the data given below.

Inter-nuclear distance of H, (dy g} = 74 pm Electronegativity of F = 4.0
Inter-nuclear distance of F, (dy, ) = 144 pm Dipole moment of HE = 6.0x 10~ Cin

Hlectronegativity of H =2.1 " Charge of an clectron = 1.6 x 10°°C
p =dur x5, H*—F?
m=de =74 =37pm (02)
2 2
re=drz = 144 =72 pm (02)
2 2
Therefore, dir = 37 + 72 -9(4.0~2.1) (01)
=109-9x1.9
= 91.9 pm (02)
u = drrF x 8, 6.0 x10% Cm =8x 919x10"” m (01)
8= 6.0 x10® =065x10" {02)
91,9 x 1012
% lonic character = 0.65 x 10-'° x 100 {01)
1.6x 10"
= 40.6% (01)
OR
fwedie =74 =37pm (02)
2 2
rE=der = 144 =72 pm (02}
2 2
Therefore, dwr = 37 + 72 - B(4.0-2.1) (01}
=109-9x1.9
=91.9 pm (02)
pioie = 1.6x10"C x 91.9x10" m (03)
= 147.04 x10% Cm
% lonic character = 8 x 100 x 100 (1)
147.04 x 1079
= 40.8% (o

2. (e A, B, £ sind D oare chlurides of p-block clcm&ms These clements have stontic mumbers ioss
than 20, A description of the products (P, ~Py) Formed when A is réacted with a limited
amount of witer and B, € and D are n.uc[ed with excess waler #re g‘rvcu below,

Cemnpoand “Description of products
¥, ia :afm??otmd with a covalent network stracture
A ¥, ia strong muonobasic Tacid
1 ¥, ia gas thee tums red litmos blue
B ¥, ta compound with bleaching propertics
. ¥, inwibasic acid
< ¥, ia strong monobasic acid
Py fu paux thar wms-acidic KMoO,, solution cobouriess
I Py ia colloidal solid
¥, 1a sirong monohasic acid

() tdentify A, B, € and I} (give the chemical formulse),

A SiCle . p NCl e PCls. . p SCb {04 x4)

(i1) Give balanced chemical equations for the reactions of A, B, C and D with water 10
give products P, to Py

SiCl . 2H:0. — SOz (P1). * 4HCI LP;)'M”'H L q08)

------------- i R R R R AR R X RN M R T

..... NGla,..%...3HeQ. .. 2. . NHa. . (Pa). + 3HOCL {Pa) .o, 108)
PO, kL, 420, 2, HaPOa (Rs), 4 BHEL L (Red e, (05
e 2SC[:_>._...t.._‘2H2_D‘,u_,'vr...SO.z.....(F.’?)‘..’r.,..S...,‘,.‘,U?a)...’.f...ﬂ;[:LCJQ,IF!al,.,...,...........1.05)

Note: Award marks if correct balanced equations are given.
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(iti) Write balanced chemical equations for the following reactions.

I P, with NaOH(ag)

Si02 + 2NaOH  — Na&SiOs + Hz0  (04)
I1. Py with Mg S

3Mg + 2NHe - MgaNe + 3H2 _ (04)
HE P, with acidic K,Cr,0 S

380z + 2HO0 ~ =  80& + 4H*+2e)

S I e g e ervevarer et

3802 + Cr0/2+2H* — 2Cr* + 3804  + H0 {06)

If only half reactions are given — part marks (02 + 02)

2{a): 50 marks

5y A stutent is provided with bottles Jabelled P, Q, R, 8, T and 1] containing agueous solutions
of ALISOJ,, H,80,, Na,5,0,, BaCl, PblAc), and KOH . (net in order), Some useful
vhservations for their identification on mixing two solutions at a time are given below.
{Ac - Acsiate ion)

.| Solutions mixed | Observations
E i T+ R ‘1 a elear colourless. solution .
I P+ R & whitc precipitate
111 T+5 lapelatinous white precipitate
v U+ R % white procipitate
A P+€Q | a-ivhite precipitate, turns black on heating

Vi P+ U |4 white prcipitite, dissolves on heating
() Kdentify B to . S co - K
p: PbAce o Na$as COR 808

...............

s Ab(SOs: OR KOH ¢, KOH OR_ Al(SO4s -y, BaCk .

...............

. | o (05X 6=30)
(ii) Give batanced chemical eguations for each of the reagtions T to VL.
L 2KOH. .. .*..H804 = KeSOa +.2H0  OR (03)
AL(SOQa)z _+_  H28Qa . = Noreaction
1. Pb(Ack....:. HS04 . = PbSO4i _ +. 2HAC (03}
L BKOH. ...+ A(SQsa = 2AKQH) | *... 3KaS04 {03)
V. BaCl __* Hz8Q4 .. BaSQal .+  2HC| (03)
V. Formation of white ppt
Pb(Ack __ + Na2S200 PhS20s). + 2NaAc (03)
Turning black on heating
PbS20; + H:20 — PbS| + H2804 (02)
VL Pb{Ac)z .+ .BaCla — PbCll * Ba(Ack . . . (03}

Note: Precipitates have to be shown by | or as (s). If not, deduct (01) mark.
2({b): 50 marks

3. (a) A saturated aqueous solution of a sparingly soluble salt ABZ{S) was prepared by 'sti__rring
an excess amount of AB,{(s} in 1.0 dm’ of distilled water at 25 °C. The amount of AT(aq)
ions present in this saturated aqueous solution was found to be 2.0 x 1073 mol.

(i) Write the equilibrium related to the dissolution of AB(S) in the above system at 25°C.
AB,(s} = A**(ag) + 2B (aq) : : (05}

........................... PR N L L TR L L R R T R R L

(i} Write the expression for the equilibrinm constant for the equilibriven written in (i) above at 25 .

Kep = [4%* @)][B~ (2] (05)
Ke = [A**(aq)][B-(aq))® ] N
[AB, )] Note: If only K. is given award (03 marks)
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(iii) Calewlate (he value of the equilibrium constant: stated in (i) above at 25°C.

[4%*(ag)] = 2.0 x 10mol dm™? 04+01)
[B~(aq)] = 2[A**(aq)] = 4.0 x 10*mol dm™ 04+01)
Ksp = 2.0 % 10°mol dm™x (4.0 x 10 mol dm3)? (035)
Kgp = 3.2 x 10*mol® dm™ (05)

(iv) Aunother satursted agueous solution of ABzwsm prepaved by stirring an excess amount
of AB(R) i E0dm? of distilled waler’ ar 25 i (Bzv;ng reasons, predict the value of
the u]ulllbmxm constant [or this bys.tern ) .

Ko = 3.2 % 10 mol® dm?® (05)
Ksp is a constant at constant temperature (05)
and does not depends on the volume (05)

(v} A small amount of the sttong clectrolyte NaB(y} is sddad © 8 satdrated agueous solution
of AB, at 25°C. Giving reasons, predict whether the concentration of A?*(ag) is increased

oF d@umaw{}
Commeon-ion B(aq) is added (05)
. More ABx(s) is formed to keep the K, constant or reverse reaction takes place {05)
[Az+ (aq)] decreases (05)

3{a): 60 marks
(£} In an agueous solution, propancic acid (CHCOOH) ionizes as given below. ’
CLH OOOH@) + HO - CQ'H. COO(ap + HO%aq)

Ar 25 °C, K (propancic acidy = 1.0 x 10°F
{i} Write (he oxpression for zhc: tx}uihbrlum mnsm;zt for - !ih(. above rem:ixtm ‘at 23 %ﬂ

[C2H5C00™ (aq)]{Hz0% (aq)]

Kq = [C.HsCO0H (aq)] (03)
(i) 10040 Lm‘ of an agueous sotution of  GHCOO0H@RgY was prepgred by dissolving
074 ca® of CHCO0H in distitled water at 25 °C. Culeuniate the pH of the solution at 25 °C.
(Cex12; O=16; H=1|; consider the density of C,H,CO0H as 1 0 g om "33 _
mass of C;HsCOOH{aq) = 0.74 cm®x 1.00 gem?* =074 ¢
moles of C2HsCOOH(aq) in 100 cm® = 0,74 g/ 74 g mol™' =0.01 mol (05)
. {C:HsCOOH(ag)] = 0.10 mol dm™ (05)
Censider the equilibrium:
C:HsCOOH({aq) + H0(1) = C;HsCOO(aq) + H;0" (aq)
Initial 0.10 ] i mol dm
Change X X x mol dnr?
At eqm 0.70-x X X mol dnr? (05)
_ [GHgc00 " (a)l[Ha0% (ag)] _  xx -5
Ky = [CaHsCOGH (ag)] T oole-x 1.0 x10 (02)
2 = 10x107 (010 -x~0.1) (03)
x> =10 x107°
x =10 x107% moldm™ = H;0%aq)] 05)
pH = -log [H:0%(aq)] =1.0 x1073 (05)
pH =3.0 (05)

_. [C2H5C00" (aq)l[H30* (aq)]

Note : Students may take —log of both sides of K, [C,H5C00H (ad)]

and calculate pH.

Award marks appropriately.

3(b): 40 marks
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4. () A, B, Cand D are structural isomers having the molecular formula CH . None of them show
optical isomerism. All four isomers, A, B, C and I when treated with HgSO,/dil. H,SO, give
products which react with 2 4-dinitrophenylhydrazine (24.DNP) 1o give colaurcd precipitates.
Only A gives a precipitate with ammonical AgNQ,. A has only one position isomer, which is B,
B is a chain isomer of C. C reaets with HgSQ,/dil. H,80, to give two products E and ¥,
D reacts with Hg8O, /dil. H,80, to give only onc product, which is E.

(i) Draw the structures of A, B, C, I, E and F in the boxes given below.

GHs CHs CHaCH,CH,CECCHy
CH3CHCH,C=CH CH;CHC=CCH,

A B C

0 0
= I I
CHyCH,C=CCH,CH,3 CH;CH,CH,CCH,CH,|  [CH3CH,CH,GH,CCH,

5 - = (06 x 6 = 36)

(it} Which of the compounds A, B, Cand I pives a product that does not show diastercoisomerism
when reacted separately with H, / Pd-BaSO, / quindline?

CH,

i
CH;CHCH,C=CH (05)

or Appropriate letter (A, B, C or D) identifying the correct structure

{iii) Druw, in the box given below, the structure of the produet G obtained when A i3
reacted with excess HBr

GHs B
CH3CHCH,C~CH;
Br

G (05)

(iv} Draw the structures of products X and Y obtained in the fotlowing reactions of E, in the
appropriate boxes.

OH NaBH, . 1. CHMgBr OH
1 4 I
CH3CHzCH;CHCHzCH34 Methano! 2. HYH,0 CHacngCH-;_qCH;CHg
CHzCH3
X Y
(06 x 2= 10)

Name a test to distinguish between X and Y.

Lucas test or
anh. ZnClz/ cone. HCI or
H+.*"KQCI”20? or

H*/KMnO
(04)

4(a): 60 marks
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Sequence i gt
CH,CE( Na

O l-*-"-:(|ZCI~i3 n:::xvf:,c’t1«{~-{l‘,ﬂ(:ﬂ3 K
CH, (Reaction 1) Br  CH, (Reaction X¥)
CI‘,ECC H3
HBr/Peroxides CH3CHCH CH;
1
CH3
1 K
Sequence 2t .. G H,
Zu(Hg)/cone: HCT :
n(Hg) /eong L 9 HCN . M
(Reaction TH) {Reaction IV CocH, (Reaction Y}
CH,f Ch,
CH4COCIFAICT
HO-CCH;
&N
L Q M

Sequence 3:
R

{:z-i:_,(:ri,,..(f::o - C}gf‘:ﬂgimw_@
M,

CH, {Reaction VI)

CeHsNH,

R

Compounds/reagents (05 x 6 = 30)

(i) Selecting from the reactions I- V1, give one (01) example for each of the following
types of reactions,

Nuceophilic addition ... Reaction V. | . .o

Nueleophific substitution ... 0 S

Reactions (05 x 2 =10)

4(b): 40 marks
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PART B — ESSAY

5. (@) A compound XY,Z.,(g) undergoes dissociation when heated to temperatures above 300 K as given
betow, “

A
XY,Z(8) &= XY,(g) + Z(g)

A sample of 7.5 g of XY,Z,(g) was placed in an evacuated 1.00 dm® rigid-closed container and
the temperature was raised to 480 K,

Molar mass of XY,Z,(g) is 150 g mol~, Use the approximate value of 4000 J mol~! for RT at
480 K. Assume ideal gas behaviour for all gases.

(i) Calecolate the number of moles of XY,Z,(g) in the container before dissociation.
7.5 /150 g mol™! = 5.0 x 102 mol 05)
5(a) (i); 05 marks

(it) When the above system reaches equilibrium at 480 K, the total number of moles in the
container was found to be 7.5 x 1072 mol, Calculate the number of moles of XY,Z.(g),
XY,(g) and Z,(g) in the equilibrium mixture at 480 K.

XYaZo(g) = XYa(g) + Zx(g)

Initial 0.05 0 0 mol dm (05)
Change -x x x mol dm

At eqm 0.05-x x x mol dm3 (05)
Total number of moles = 0.05+x = 7.5 x 10> mol (05)
x =2.5%10%mol (05)
XYag)= Za(g)= 2.5 x 102 mol (05)
XY2Z2(g)= 5.0 x 107 mol - 2.5 x 10%mol= 2.5 x 102 mol (05)

5(a) (ii): 30 marks

(iii} Calculate the equilibrium constant KC for the above reaction at 480 K.

_ [Xv(g )iz
Ke = [X¥222(g)] ©3)
Concentration = 2.5 x 10~2 mol dm ™3 (05)

2.5 %1072 mol dm™3 x 2.5 x10™2 mol dm™?
2.5 1072 mol dm—3

K, = (05)

K.= 2.5 x10"2mol dm™3 (05)

5(a) (iii): 20 marks
(iv) Calculate KP for the equilibrium at 480 K,

Ky= K. (RT)*™ 05)
An =1 05)
Ky, = 25x10"2mol dm™ x4 x10% J mol™* (05)
K,=10x10° Pa (05)
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iv. Alternative:

Total number of moles at equilibrium = 7.5 x 10~ mol

Proq = (7.5 x 102 mol x 4 x 10> T mol?)/1.0 x 10? m?) =3.0 x 10° Pa)
Number of moles of XY2 Za(g) = XY2(g) = Za(g) = 2.5 x 102 mol
Mole fractions of XY, Za(g) = XY2(g) = Zao(g) = 173

Pi= Xi Prosar

Pxy2 226 = Pxv2y = Pza = 1.0 x 10° Pa

Ky = [Pxyae = Pzag]/ Pxy2z2( = 1.0 x 10° Pa

5{a): 75 marks

(5) For the reaction XY,Z,(g) --» XY,(g} + Z,(g) described in (a), Gibbs free energies (G) at 430 K for
- XY,Z,(g), XY,(g) and Z,(g) are 60 kJ mol~!,—76 kJ mol~' and —30 kJ mol™, respectively.

(i) Calculate AG (in kJ mol™') for the reaction at 480 K,
XYoZoAg) — XYog) + Zag)

Aern = Gproducts - Greactants (05)
= (-76 +{-30}) —(-60) = —46 k] mol™! (04+01)

Note: No marks if AG2,,, is written.
5(b) (i): 10 marks

(ii) The magnitude of AS of the above reaction is 150 J K~ mol™! at 480 K. Calculate AH for
the reaction at 480 K by using the appropriate sign (- or+) of AS.

AS must be positive (number of gaseous moles is higher in products) (05)
5(b) (ii): 05 marks

(iti) By using the sign (—or +) of AH obtained in (ii), explain whether this reaction is exothermic
or endothermic,

AG = AH-TAS (05)

—46 kjmol~l = AH — 480K x 150 x 1073 kj K" Y mol™*
AH = —46 kf mol~t + 72 kj mol ™! (04 +01)
AH = +26 kf mol™1 (04+01)

5(b) (iii): 15 marks

(iv) Deduce the enthalpy difference for the formation of XY,Z.(g) from XY,(g) and Z(g) at
480 K. ' ' '

The reaction is endothermic (05)
because AH is positive (05)

5(b) (iv): 10 marks
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(v} If the bond enthalpy of the X-Z bond in XY,Z,(g) is +250 kJ mol™, calculate the bond
enthalpy of the Z~Z bond.

(Assume that XY,Z.(g) has the structure Z”’:;iéz)'
Y

AH = =26 k] mol™1 (09 +01)

3(b) (v): 10 marks

{vi) If liquid XY,Z, is used instead of gaseous XY,Z,, giving reasons, explain whether the value
of AH obtained for the reaction XY, Z,(h = XY, (g) + Z,(g) is equal to, or higher or lower
than AH obtained in (it).

Aern = &Hbondsformed - AHbonds broken (05)
AHpyn = AHz_p— 2AHy (05)
26 kf mol™* = AHy_; — 2 X 250 kJ mol™!
AH;_; =526 k] mol™ (04+01)
(OR students may solve through an appropriate thermo cycle) '
Higher (05)
It is necessary to supply energy to convert liquid to gas first (05)

{or XY2Zo () — XY2Zx(g) needs an extra energy)
5(b) (vi): 25 marks

5({b): 75 marks

6. (@) Consider the reaction given below occurring in a closed container at a given femperature 7.
| 2N,04g) — 4NO,(®) + O,(g)

(i) Write three expressions for the rate of reaction relevant to each of the compounds appearing
in the reaction. '

A[N;05(g)] — A[NOz(g)] — Al0;(g)] (05)

Rate = —
2 At 4 At At

6(a) (i): 05 marks

(ii) This reaction was carried out at temperature T with an initial concentration of 0.10mal dm™ of
N,O(g}. It was found that 40% of the initial amount was decomposed after a period of 400 s,

1. Calculate the average rate of decomposition of N,O4(2) in this time interval.

Decomposed amount = 0.10 mol dm™ x40/100 = 4.0 x 10-*mol dm™ (05)

Remaining concentration after 400 s = 6.0 x 102 mo] dm™ (05)
_ —(0.06 - 0.10) moldm™3 - -3 -1

Average Rate = (200-0)s = 1.0 x107*moldm™ s (05)
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1]. Calculate average rates of formation of NO(g) and O,(8).

8IN,05(@)] _ AINOx(g)]

2 At 4 At
A0 — 2.0 x 1074 mol dm™3 s 02)
Al0(g)] _ A[Nz05(g)] _ -5 -3 .—1

Yoy va 50 x 107" moldm™ s (03)

6(a) (ii): 20 marks

(iii) In another experiment, initial rates were measured for this reaction at 300 K and the results
are given below,

IN,OLe)1/ mol dm™ 0.01 0.02 0.03

Initial rate / mot dm™ s} 6.930 x 1073 1386 % 107 | 2079 % 107

Derive (he rate law for the reaction at 300 K,

When the concentration were increased two and three times, rate increased two

and three times, respectively. (05)
.. Reaction is first order 05)
. Rate law : Rate = £ [/N,O5(g)] (05)

(OR Riy/R;=1/2 ::: reaction is first order)
6(a) (iii): 15 marks

(iv) Another cxperiment was carried out at 300 K with an initial concentration of 0.64 mol dm™
of N,O(g). It was found that the concentration of N,Q(g) which remained after & period
of 500s was 2.0 x 102 mol dm™.

[. Calclate the half-life (I%) of the reaction at 300 K.

Order of concentration change = 0.64/2.0 x 107 =32 =(2)° (05)
-, Fraction of initial N2Os(g) = (1/2)° (05)
That is, 5 half-lives passed to reach this concentration (05)
S t12=500s/5 =100s (05)

(I. Caleutate the rate constant of the reaction at 300 K.

from iii,
Rate = k [N:05(g)] = 6.93 x107 mol dm™ s'=k 0.01 mol dm (05)
k=693 x103 57! (04+01)
OR
Reaction is first order
For first order reaction: {1z = 0.693 /k (05)
ok =0693/100s = 6.93 x107 s (05)

6(a) (iv): 30 marks
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(v} This reaction proceeds through a mechanism involving the following clementary stcps.
Stepl : N,OJ) ¥ NOJg) + NOJg) © Fast
Step2 @ NO4(g) + NO(g) -» 2NOJ (g + Olg) : Slow
Step3 : N,Ofg) + O® o 2NO) + Oye): Fast

Show that the above mechanism.is. consistent with the rate law of the reaction. (8.0 marks)

Step 1: N2Os(g) = NO3(g) + NOxAg); fast
Step2: NOs(g) + NOAg) — 2NOx(g) + Og); slow
Step 3. N20s(g) + Ofg) -> 2NO2(g) + O(g); fast

From step 2 (Slow-step),

Rate= kfNOs(g)] [NOx2)] (05)
For step 1 (equilibrium)

K o= { [NOs(g)] [NO2(g)]} /[ N20s(g)] (05)
We get, K eq [ N20s(g)]={[NOs(g)] [NO2g)]}

.» Rate= k K o [ N2Os(g)] = k'[ N20s5(g)] 05)
This is a first order reaction which follows the rate low derived 05)

6(a) (v): 20 marks

6(a): 90 marks

(b An ideal binary-Jiquid mixture was prepared by mixing two fquids of A and B in a closcd
evacuated comainer at temperature 7. After establishing the equilibrium at temperature ¥, partial
pressures of A and B in the vapour phase arc F, and Fy, respectively. At temperature T, the
saturated vapour pressures of A and B are P; and P[:, respectively. Mole fractions of A and B
in solution are X, and X, respectively.

(i) Show that F, = P:X s
(Consider that the rates of vaporization and condensation are equal at equilibrium.)

Consider the above described vapor — liquid equilibrium of an ideal solution with
components A and B. As the rate of evaporation equals the rate of condensation, we can
write:

T

Ap = Aggy o v (D) 05)
e

1, and 7. are the rates of vaporization and condensation, respectively of the component A.

Considering (1), we can write;

n=k[Ap] = ki X (05)
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X, is the mole fraction of A in solution

Likewise,
1ty = k'[Ap] = k2 Pa

P, is the partial pressure of A in vapor phase.
At equilibrium

r

Jv =1
ko Py = ky Xy
ky
PA = —XA [oF S PA = kXA
k>

when X, = 1, P, = P{ = saturated vapor pressure of 4
k=P

Pa=P) X,

(05)

(05)

(05)

(05)
(035)

6(b) (i): 35 marks

(i) In the above system at 300K, the total pressure was 5.0 x 10* Pa. The saturated vapour
pressures of pure A and B at 300 K, are 7.0 10% Pa and 3.0 x 10* Pa, respectively.
i, Calenlate the mole fraction of A in the liquid phase of the equilibrium mixture.

il. Calculatc the vapour pressure of A in the equilibrium mixture.

(D Piota= Pa+Ps
= XaPli+ XpP% = XaP%+ (1-Xg)P%s

C X, = Ptotal — P8

b A i} 0
Py—Pg

5 x10%- 3 x10*

7 x104— 3 x10%

[V

() « P,=PYXs= % x 7 x10* Pag =35 X 10*Pa

(05)

(05)

(05)

(05)

(05)

6(b) (ii): 25 marks

6(b): 60 marks

02 - Chemistry (Marking Scheme) New Syllabus | G.C.E. {A/L} Examination 2020 | Amendments to be included. .




Department of Examinations - Sri Lanka Confidential

7.(a) (i) To compare the properties of Electrolytic and Galvanic cells, copy and complete the following

table using the given terms,
Terms: anode, cathode, positive, negative, spontancous, non-spontaneous.

FElectrolytic cell Galvanic cell

A Oxidation half reaction takes Anode Anode

" | place at
B Reduction half reaction takes Cathode cathode

" 1 place at
C. | Sign of E%e -ve +ve
D. | Electron flow From anode to cathode | From anode to cathode
E. | Spontaneity of reaction Non-spontaneous spontaneous

(2 x10 =20 marks)
7(a) (i): 20 marks

(ity An electrochemical cell was constructed at 300 K by using a Zn(s) anodg, an agueous alkaline
electrolyie and a porous Pt eathode which facilitates the eollection of oxygen 0,{g) from aiv
as shown below. As the cell gperates ZnOg) is produecd,

You are given that N
o P : A2
Eg o] 2| otru = 131 Y 90 EG gy oppegy = 4034V
Zn = 65 gmal*!, O = 16 gmot™ and
1F=96500C
. Write the half-reactions ocowrring at anade and cathede. Zn Elsctrolyte
' Ancde—}>

arous
Catlsode

anode : Zn(s) + 2 OH (aq) =& ZnO(s) + H2O(l) +2e

(05)
Cathode ; O2(g) +2 H20(1) +4e > 4 OH(aq)
(05)
I, Write the overall cell reaction.

2 Zn(s) + Oq2(g) = 2Z2n0(s) 05)

III. Calculate the cell potential E;c“ at 300 K.
Eﬂcell = EOR - EOL = Eocathodc - annnde (05)
= 034V -(-131V) = 1.65V (04+01)

[V. State the direction of migration of OH(ag) ions between the electrodes.

From anode to cathode (from Zn electrode to oxygen electrode) (05)
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V. When the cell operates for a period of 800s at 300 K, 2mol of (,(g) are consumed,
A. Calculate the number of moles of electrons passing through the cell.

4 mol ens

Tmolouta) 8 moles of electrons (05)

2 mol O2(g) x

B. Calculate the mass of ZnO(s) formed.

Mass of ZnO(s) = 8 mol ens x96500 € x 1 mole v 2 mol ZnO(s) 81 g
1mol e X800 s 96500 C 4mol en 1 mol Zno
(05)
=324¢g (04+01)
OR
Mass of ZnO =4 mol x 81 gmol (05)
=324¢ (04+01)

C. Calculate the current passing through the cell.
I=q/t (05)

8 mol ens x96500C
= =965 4

1mol e X800 s

(05)

7(a) (i): 55 marks

7(a): 75 marks

(h) A colowred complex ion P is formed when the salt M(NO,) is dissolved in distilied water.
M is a transition element belonging to the 34 block. P undergoes the following reactions.

ag, NH, N excess ). NH, .
(blue coloured pretipitate) - {deeply coloured solution}

B’;‘}- cone, HCL -
— (vellow coloured solution}

.. ‘; _

(reddich—bréwn precipitate)

T and U are coordination compounds each containing four elements. P, R and S are complex ions.

(i) Ydentify the metal M. Give the oxidation state of M in complex icn P.
M=Cu (10)

Oxidation state; +2 OR Cu? (03)

7(b) (i): 13 marks

02 - Chermistry (Marking Scheme) New Syllabus | G.C.E. (A/L) Examination 2020 | Amendments to be included. . DY 28




Departrent of Examinations - 5ri Lanka Confidential

(i) Give the value of n in M(NO,) . _ _
n=2 (03)
7(b) (3i): 03 marks

(iii) Write the complete electronic configuration of M in complex ion P. .

18%2522p835°3p°3¢° (03)
7(b) (iii): 03 marks

(iv} Write the chemical formutae of P, Q, R, 8, T and U.

P:  [Cu(H0)]* (04)
Q:  Cu(OH) (04)
R [Cu(NHs)<J?* (04)
S: [CuCly)* (04)
T CuyFe(CN)s]

] Ka[Fe(CN)e]

7(b) (iv): 16 marks

(v) Give the TUPAC names of P, R, §, T and U.

P hexaaquacopper(ll) ion (03)
R tetraamminecopper(ll) ion (03)
S: tetrachloridocuprate((l) ion (03)
T copper hexacyanoferrate(ll)

U potassium hexacyanoferrate(ll)

7(b) (v): 12 marks
{(vi) What is the colour of P?

pale blue (04)
T(b) (vi]: 04 marks

(vii) What would you expeet to ohserve in | and 1] given below?
. When H,5 gas is passed into an acidic solution containing P at room. wmpemlurc

black precipitate (086}

II.  When the mixture obtained in 1 above-is heated with dilute HNO, after the removal

of dissolved H,S

pale blue solution (04)
solution is turbid/ pale yeflow or milky/ white precipitate (02)
or

turbid pale blue solution {06)

7(b) (vii): 12 marks
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(viit) Briefly descibe a method with the aid of balanced chemical equativns for determining
the concentration of M™ present in an aqueous solution, using the following chemicals.
' KI, Na,§,0;-and starch. :

Add excess K| (01}

to an aqueous solution of volume Vi cm?® containing M™ (01)
Here, M™ = Cu?*

Titrate the liberated |2 (01}

with Na.S:0a whose concentration is known (M mol dm-) {01)
with starch as the indicator {01)

20Ut + 2 — 20U" + |2 e (1) (01)
Iy + 2808 — Si0a + 21 eeewceeeemeeee- (2) (01)
2CU*  + 280 — 8406 + 20U —memmemeeeme (3) (02)
CR

20U 4 4F o 20Ul| + e (1a) (01)
b e Y o — (2a) (01)
20U 4+ 28,02 — 2Cul| + 8408% -—--mmmmeememem (3a) (02)

Note: If correct overall equation is given, award the part marks for half
equations as well.

From both (3) or (3a} Cu?* = $:0:% (01)
Let the burette reading of $20: be V. om?® (01)
Therefore, moles of §,0:* =V, X M (01)
1000
Therefore, moles of Cu?* =V, x M {01)
1000
Therefore, [Cu?] =_ﬂ\£m x M x _E(}E) {01)
1000 Vi
= MV, mofdm?
Vi (01)

Note: The above explanation could be given in words.
7{b)(viii} : 15 marks

7(b): 75 marks
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8. (@ (i) Given below is a reaction scheme for the synthesis of compound G using CH,CH,CH,0H
as the only organic starting compound.
Compiete the reaction scheme by drawing the stroctures of compounds A, B, C, D, E and F
and writing the appropriate reagents for steps 1 — 7, selected only from those given in the list.

CHOHCHoH —PLy o SE2, 5 NP3, o
Stﬂp_.‘t:_ E
¥ -
D
(“!
\ Step 5 pH Step 6 Step? N
E et Cﬁgfzﬁgizﬁw([:}i»cz{s : > F > CH,CH c,n~<i“n{‘1:-t
CH, CH,
List of Reagents ©
HBr, PBr,, pyridiniumchlorochromate (PCC),
Mg/ dry ciher, KCN, cone. H,SQ,, dil. .HZS(}4
Compounds, A-F
ol i
A = CH;CH=CH, B = CH;CHBr C = CH;CHMgBr
OMgBr ?r
D= CH,3;CH,CHO E= CH3CHZCHCHCH3 F= CH3CH2CH9HCH3
CH3 CH;
Reagents:
Step 1 = conc.H,S0, Step 5= dil.H,SO4
Step 2 = HBr Step 6 = PBr;
Step 3 = Mg / dry ether Step 7 = KCN
Step 4 =PCC

Compounds/Reagents (04 x 13 = 52 marks)
8(a) (i): 52 marks

(ii) Consider the following series of reactions.
Draw the structures of compounds G, H and K. Give the reagents X Y and Z.

' 1. LIAFH
HO QcC! 2, H'/H O :
s ¢ Lo —Z 5 g --—:- K
. H,OH
Note that K gives benzyl alcohol { } when reacted with NaNO,/ dil. HC,
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Compounds G, Hand K

CO,H CONH, CH,NH,
eSS S

Reagents
X= H"/K,Cry07/ or HY / KMnQ, Y = PCls or PCl; Z= NH;
or HY/CrO4

Compounds/Reagents (04 x 6 = 24 marks)

8(a) (ii): 24 marks

8(a): 76 marks

(b)) (i) Show how the following conversion could be carried out in not more than three steps

H, Br
=
O — 0,
- Br r

.
NH, NH, N, Cl
Br Br
Br, B Br NaNo,/HCI B B HypO,
— - - —
0-5°C
Br Br Br
\ /. JC Y,

®

8(b) (i) 20 marks

@
@) <

(ii) Consider the following reaction. _
| CH,CHCH,

O-r -

Identify the chemical substances P and Q necessary to carry out this reaction.
Write the mechanism of this reaction. :

!
P+ Q = (CHy,CHCl + AlCl, (5) |

P+ Q= (05)
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@

+ —
CH(CH5);  + AlICl,

@\ H @"Alch

7 Z\+ CH(CH3},
@ CH(CH3); —» @CH(CHQZ - . ©/

®

(CH3),CHCI  +  AICI,

Intermediates 03x3=09
Arrows 02x3=06
Alternative answer:
IF the student has written the electrophile as R—Cl molecule polarized by coordinating
to AICI3, only the marks allocated for the last two steps may be awarded as given
below.

(for both arrows)
r @ N\ @
@ AlCl,

N M CH(CHy),
@ (CH3),CH-CIAIC]; — @CH(CHg . @’

®

02+02+02+03 =09
The electrophile may be written as:

+ - + - o+ 6-
{(CH3),CH—CIAICI3 or (CH3),CH=CI—AICl; or (CH3),CH—CI--AICl;3

8(b)(ii): 20 marks

8(b): 40 marks

(¢) (i) Explain why phenol is more reactive in electrophilic substitution reactions than benzene,
by considering their resonance hybrids.

Structures of benzene and phenol can be illustrated as follows.

o _O

O =
e :ﬁ @ @

Consider these on!y for marking
Resonance structures and Double headed arrows 01 x 8 = 08
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OR

@ Alternative to the resonance hybrid of benzene @
il Any one structure

@ ‘ ‘ ‘ Alternative to the resonargg

S— hybrid of phenol

The benzene ring of phenol is more reactive towards electrophiles than benzene
itself because:

The benzene ring in phenol is electron rich compared to benzene due to the
Delocalization of lone pair of electrons on the oxygen atom
Over the benzene ring of phenol
04x3=12
8(c)(i): 20 marks

(ii) Hiustrate the difference in reactlw ty between phenal and benzene as glven in (i) above by means
of a suilable reaction,

Phenol reacts with bromine at room temperature/ decolorizes bromine /
gives a white precipitate with bromine water

Benzene does not react with bromine at room temperature / does not
decolorize bromine / does not give a white precipitate with bromine water

OR

Benzene reacts with bromine (only) in the presence of a Lewis catalyst
Reaction of phenol with bromine occurs even in the absence of Lewis catalyst
OR

Nitration of phenol takes place at room temperature / at 20 °C / without
heating with dilute HNOs (20% HNO3).

Benzene does not react with dilute HNO3
04x2=08

8(c): (ii) 08 marks
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(iii) Draw the structure(s) of product(s) you described in the reaction in (i} above,

OH OH
Brs Br Br @
—_—
Br
OR
OH OH @ OH
| NO ©,
dil. HNO,
T8 +
NQOs
8(c) (iii): 06 marks
8(c): 34 marks
9. (&) (i) Write the chemical formulae of the substances A - Q given in the flow chart below.

{Note: Chemical equations and reasons are not expected for the identification of substances A~ Q.}

The symbols given in the box {dash lines) are
antd gases. w

used to represent solids, precipitates, solntions

- i
dif. H80, i
metal pale greex celowriess, : %
odourtess 1y
t g
r
di. NuOH P
¥ 3 + l strong monabssic acid 1
black  pale yetlow!
. g mifky white i
dirty preen : 1 -
__________________ . A
t Hint: t
+ B i & compound that contains two ¢
! clements belonging o the firstiwe ] (b - RALS dit.
| periods of the Perodic ‘Table. | colouriess catanrless, NH O
At . berd odour
¥ dil.
t.dit, HNO, NH,OH CUAgNG,
s e _ (R AU S—. T
\ 2. H ) elivo-brown ' Y
cheerk Blue e r{.gddgs}' -BrOwWn ¥ white

tcal

reddish-brown

o], ()
| s ——.-
shightly acidic turns filter paper

maoisteted with
Nayster's reagent brown

Y

]

deepred
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A: Fe B: FeSO, C: Ha D: Fe(OH),
or
[Fe(H20)s]SO4
or
[Fe(H20)s]**
E:H,0, F: Fe(OH); G: Fe,0s H:Kq[Fe(CN)g]
I: FesFe(CN)s]z J: FeCly K: H:8 L: FeS
or
KFe[Fe(CN)e]
M: SorSs N: Fe(SCN)a O: NH.SCN P: NH;
or
[Fe{(SCN)(H20)s]**
or
[Fe(SCN)I*
Q: AgCl

(04 marks x 17 = 68 marks)
9 (a) (i) : 68 marks

(i) Write the a}mpiaze ecironic configuration of A.
15%28%2p%3523p°30P4s* (02)

{iii} Siatc the function of E in the conveérsion of D to F. Give the ré_,}tr?:fin_t balanced chemical
equations for the stated function. ' o

E: HO. function — oxidizing agent (02)

2(Fe(OH); +H:0— Fe(OH)s + H" + e€) i
H2O» + 2H* + 2e — 2H0 |

2Fe(OH); +H:02 — 2Fe(OH)s {03)

OR

2(Fe** — Fe* + e}
HO, + 2H* + 2¢ — 2H0

2Fe® + H0, + 2H* — 2Fe* + 2H;0 (03)

(Haif reactions (01) each if written) 9 (a) (ii & iii) marks :07

9 (a) 75 marks
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(b) The solid X contains only Cu,S and CuS. The folloﬁriné procedure was used to determine the

percentage of Cu,S in X.
Procedure

A 1.00 g portion of solid X was treated with 100.00 cm’ of 0.16 mol dm™ KMnO, in dilute
H,S0, medium. This reaction gave Mn?*, Cu?* and SO} as products. Thereafter, the excess
KMnQ, in this solution was titrated with 0.15 mol dm™® Fe* solution. The volume required for
the titration was 35.00 cm®.

(i) Write the balanced ionic equations for the reactions taking place in the above 'prooedure.

Reaction of Cu:8 with NinOy

2Cu* — 2Cu® + 2 e (1) (03)
8 + 4H0 — SO + 8H* + 8 @ e ) (03
OR

(1) +(2)

2Cu*  + 8% + 4H0 — 2Cu* + SO& + 8H" + 108 ---m- (3)
2(MnOs + 8H* + 5e  — Mn* + 4H0) = - 4 (03)
(3) +(4)

2Cu* + 8% + 2MnOs + 8H' — 2Cu® + SO0.% + 2Mn* + 4H,O (05)

OR
Cu:S + 2MnQ4 + 8H* — 2Cu® + SO0 + ZMn** + 4H:0

(If only this equation is written award the full 14 marks)

Reaction of CuS with MnOy4

5(S* + 4H,0 — SOZ + B8H* + 8e) e (5)
B(MnOs + 8H* + 5¢ — Mn* + 4H0) e (6)

(5)+ (6)

5S>+ 8MnOs + 24H* — 5802 + 8Mn» + 12H0 (05)
OR

5CuS + 8MnOs + 24H* — 5CuSO; + 8Mn?* + 12H0O

Reaction of Fe?* with MnO,

5(Fe** —» Fe** + ¢) Sy (03)
MnOs + 8H* + B5Se — Mn? + 4H,0 = e (8)
(7)+(8)

5Fe?* + MnOs + 8H* — Mn* + 5Fe*™ + 4H,0 (05)

9 (b)(i) : 27 marks
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OR

Reaction of Cu* with MnO,

5(Cu* — Cu* + e) (1a)
MnOs, + 8H* + 58 — Mn? + 4H,0 (2a)
(1a) + (2a)

5Cu* + MnOs + 8H" — 5Cu® + Mn* + 4H,0

Reaction of 8% with MnQO,"

5(8%  + 4H,0 — SO& + BH' + 8e) e (5)
8(MnQ, + 8H* + be — Mn* + 4HQ) = (6)
51+ (6)

58% + 8MnOy + 24H* — 5804 + 8Mn* + 12H:0

Reaction of Fe?* with MnQy,

5(Fe** — Fe™ + e e (7
MnOs + 8H* + B5Se — Mn% + 4H,0 = e —(8)
(7) +(8)

5Fe?* + MnOs + 8H* — Mn** + 5Fe* + 4H,0

(03)
(03)

(05)

(03)

(05)

(03)

(05)

Note: If only the overall reaction is written correctly, award the marks due to the

half reactions as well,

b (bXi): 27 marks

(ii) Based on the answers to (i) above, determine the malar ratio between,
I. Cu,8 and KMnO,
I, CuS and KMnQ,
. Fe** and KMnO,

Molar ratios

Cu8 =1 CuS =5 Fe?* = 5 (05 x 3)
MnOy 2 MnOy 8 MnQOs 1

OR

CuS: MnQOy = 1: 2 CuS: MnQs = 5: 8 Fe?*: MnOy = 5: 1

9 (b)ii): 15 marks
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{iii} Calculate the percentage h;y weight of Cu,S in X, (Cu = 63.5, S = 32)

Let the number of moles of CuzS and CuS be ns and n. respectively
in the 1.0 g of sample X

Molar mass of CuxS = (2x63.5)+ 32 =159 (02)
Molar mass of CuS =83.5+32=055 (02)
159ny + 95.5n; =1.0 = e (9) (02)
Moles of Fe?* reacted = ﬁ x 35.0 (02)
Moles of MnQO4 = 1000 x 35.0 >< = (02)
Moles of MnQy4 reacted with CuzS and CuS
=216 o 100.0 —”—15><350><— (02)
19000 1000
=0.016 - 0.001 (02)
= 0.015 mol (02}
Based on molar ratios
2ni + gnp = 0015 e (10) (02)
(9) + (10)
8 (1-159n1) _
2[']1 + g T = 0.015 (02)
2x5x95.5ny+8(1-159n4) = 0.015x95.5x5 (02)

965n; + 8-1272ny =7.1625

317n, = 0.84
ny = 0.0027 (02)
Weight of Cu:8  =0.0027 x 159 ¢ (02)
=0434g {02)
% CuS =222 x 100 (02)
=43% {03)
8 (b)(iii) : 33 marks
OR
Moles of Fe?* = 2 X 35.0 (02)
Moles of MnQ4 remaining = 1956% X 35.0 x - (02)

Moles of MnO4 added = 2% X 100.0 (02)

Moles of MnQOy4 reacted with Cu.S and CuS

0.16 0.15
—mXIOOO —ﬁ){?}SOX— (02)
= (0.016 - 0.001 (02)
= 0.015 mol (02)
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Consider the masses of Cu,S and CusS to be p and g respectively.
p+ g =10g 0 emmememeeeeee- (9a)

Molar mass of Cu,S = (2 x 63.5) + 32 = 159

Molar mass of CuS =863.5+32=955

N o X L - J e ——— (10a)

159 955 x5

From (9a) & (10a)

2p 8(1-py _
55 ' SE5xs 0.015

2p x 5 x 955 + 8 x159(1-p)= 0.015 x 5 x 159x 955

9b5p — 1272p = 1138.84 — 1272

(02)
(02)
(02)
(02)

(02)

(02)
(02)

(02)
(02)

(03)

9 (b)iii) : 33 marks

317p = 133.16
_ 13316 _
T2 0.42
_ 042
% Cu,S = 16“6'6 X 100.0
= 42%
OR

Let the number of moles of Cu;S and CuS be n: and n, respectively in the 1.0 g of X

5Cu* + MnOs + 8H* — 5Cu* + Mn* + 4HO
58% + 8MnOs + 24H* — 5804 + B8Mn?* + 12H.0O

5Fe? + MnOs + BH® — Mn? + B5Fe® + 4H,0

0.16

Moles of MnQ4 added = fooa X 100.0 = 0.016

Moles of Fe2* reacted = % X 35.0 = 0.005
X - 0.15 1

Moles of MnO4 remaining = Toos X 35.0x z = 0.001

Moles of MnQ4 reacted =0.016 - 0.001 = 0.015

Molar mass of Cu,S = (2 x63.5) + 32 = 159
Molar mass of CuS =63.5+32=055
189m + 95586m =1 ccmeeememeeeee (1)
Moles of Cu* = 2ny4
Therefare, moles of MnOy4 reacted = 2n4

5
Moles of S = ny + n2

Therefore, moles of MnQy4 reacted with S = 8(ni+ ny)
5

(02)
(02)

(02)
(02)
(02)
(02)
(02)

(02)
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Therefore, total moles of MnOy reacted = 10n,_+ 8n2 (02)
5
{10n;_+_8n;) mol =0.015 mol (02)
5
10n; + 8n2 =0.075 MOl  —-mmmmemmmeens (2) (02)

(1) x8— (2)x95.5

1272 n1— 955 ny =8-7.14 (02)

317n, =0.86 Therefore, ny = g’TSf

Therefore, moles of Cu;Sin1g = %‘%‘:‘5 (02)

Mass of CupS =0.86 X 159¢ (02)

% of Cu,S =222 X 159 X 100% (02)
= 43% (03)

9 (bj(iii}: 33 marks

9(b): 75 marks

19, ta) The following questions are based on the properties of titanium dioxide (THO,) and its manufacture
carried oue by the "Chloride Process”,
{i) Name the raw materials used in-this process.

Rutile (02)
Coke (02)
Cl (02)
0 (02)

10 (a) (i): 08 marks

(ity Briefly deseribe the mannfac’t‘uri};é process of Ti(, giving batanced chemical cquations where

applicable.

Chlorination

Removal of water at 200 °C / 300 °C (02)
Heating of rutile and coke mixture at 900 °C /950 °C (02)
TiOx(s) + C(s) — Ti(s) +CO2(g) -———(A) (03)
Stream of chlorine is passed over mixture of rutile and coke {02)
Ti(s) + 2Clx(g) —» TiCllgy —— (B) (03)
OR

Reactions {A) and (B} can be combined.

TiO2(s) + C(s) + 2Cl— TiCla(g) + COz(g)} (06)

For three descriptions above (02 x 3)
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After removal of dust particles, TiCls gaseous mixture is cooled and
liquid TiCl, is separated. (02)

Oxidation
TiCly is reacted with oxygen and TiO; is regenerated.
TiCls(g) + O2(g) — TiO2(s) + 2Cla(g) (03)

Clz is re-used in chlorination. (02)
10 (a) (ii): 19 marks
(iii) State three properties of Ti0, and give one use each, refevint to each property.
+ White colour — as a pigment in paint, plastic goods and paper, paper
» High refractive index — as a pigment
¢ Chemically inert — as a pigment in medicine and toothpaste

» Prevents the reach of UV rays to skin — produce substances to prevent
sunburn

Any three properties (02 x 3 = 06)
One use for each property (02 x 3 = 06}
10 (a) (iii): 12 marks

(iv) If you were to consider establishing & TiO, manufacturing plant in St Lanka, state three
requirements that need to be fulfiled. '

s Availability of raw material
s Capitol
+ Labour force
* Technology
+ Storage conditions
+ Minimize environmental pollution
¢ Transport facilities
o Waste product management
Any three {02 x 3 = 06)
10 (a) (iv): 06 marks

(v) Does the manufacturing process described in (if)-above contribute to global warming?
Justify your answer. -

Yes. (02)

CO:. is produced and given out to the environment in the
oxidation of coke (03)

10 (a) (v}: 05 marks

10(a): 50 marks

02 - Chemistry {Marking Scheme) New Syillabus | G.C.E. (A/L) Examination 2020 | Amendments to be included. .




Department of Examinations - $rt Lanka Confidential

(&) Currently, global warming due to change in greenhnu:ac effect is significantty greater than that
before the industrial: revolution.

(1) Explain briefly what is meant by greenhouse effect.

Heating of earth (01) by infrared absorbing gases (01} in the atmosphere by
trapping energy (IR radiation) (02) reradiated from the earth surface (02).

10 (b) (i): 06 marks
{ii} Identify the major environmental problem that occurs due to globat wamming,
Climate change (03)
10 (b) (ii): 03 marks
(itly State two main natural gasés that contribute 'to global warming.
CO;z, CH4, and N,O any two (03 + 03)
10 (b) (iii): 06 marks

(iv) Explain briefly how microorganisms contribute to the release of the gases you stated in (jif).

CO2- Action of aerobic bacteria on organic substances/ plant materials/ and
animal materials

CHs- Action of anaerobic bacteria on organic substances/ materials

N20O- Action denitrifying bacteria on ammonia/ nitrogen fertilizers(urea)/ and
nitrogen containing substances.

Any two (04 + 04)
10 (b} (iv): 08 marks

(v) In addition to the gases you stated in (iif), name two classes of synthetic volatile compounds
that divectly contribute to the global warming, and selecting one compound from each class,
draw their structures.

CFC, HFC, HCFC

F ! F F
Fr—(—Cl F—¢—H F—mcI:mcuH
Cl c F H

CFC, HFC, HCFC

Any two (03 for class +03 for the structure)
{03 x 4 =12 marks)
No marks for the structure if the class is wrong
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Note In addition to these compounds award marks for the following structures on each
class.

CFC - Any saturated organic compound that contain one or two carbon atoms with only Cl
and F atom

HCFC - Any saturated organic compound that contain one or two carbon atoms with only one -
hydrogen atom and others are Cl and F atoms

HFC - Any saturated organic compound that contain one or two carbon atoms with only one
hydrogen atom and others are F atoms.

10 (b) (v): 12 marks

{vi} Select one class of compounds from the two classes you stated in (v) that contributes to the
catatytic degradation of ozone in the upper atmosphere.

CFC or HCFC (must be selected from (v) to get marks)
10 (b) (vi): 03 marks

(vii) The siow down of industrial activities due to the Covid-19 pandemic temporarily eased the
global environmental issues in many countries. Justify this statement by using two main global

covironmental issues vou have learnt,

Reduction of Global warming (01}. Due to the reduction of emission of
CO; (01) because of reduction of fossil fuel burning (02) due to limitation of

industrial activities (01) and transportation (01).

Reduction of acid rain (01) : Reduction of emission of 50;(01} into the atmosphere
due to decrease of burning of coal and diesel {01+01) for power generation and

transportation (01+01) respectively .

or
Reduction of acid rain {01) Reduction of emission of NO2/NO into the atmosphere
(01) due to decrease of fuel burning (01) in internal combustion engine (01) of

vehicles caused by limitation of transportation (02).

Reduction of Photochemical smog (01). Reduction of emission of NO and volatile
hydrocarbons {01+01} into the atmosphere from internal combustion

engines/vehicles (01) due to limitation of transportation (02).
Any two {06 x 2 = 12 marks)

10 {b) {vii}: 12 marks

10(b}: 50 marks
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{r} The following questions are based on the.polymers given below.
Polyviny! chioride (PVQ), Polyethylene (PE), Polystyrene (PS), Bakelite,
Nylon 6.6, Polyethylene terephthalate (PET), Gutta percha I
(i) Draw the repeating units of fo  f the above polymers,
TI
PVC —GHZC-—-—-CH%
[ CH, —CH ) f
PE \ 2 2 /
CH,—CH
PS 'é R a'
I
Nylon 8,6 NH— (CHy}g =~—NH——C——{(CH,);~—C
1 I
PET c C oo GHy e CHy 0
CH, H
Gutta percha \cm C/
CH; CH,
Brackets are not required for award of marks.
Any four {02 x 4 = 08)

10 (c) (i): 08 marks
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{ii) Categorize each of the above seven (7) polymers as either.,'
1. natural or synthelic polymers.
H. addition or condensation polymers.
| - natural/synthetic | - addition/condensation
PVC synthetic addition
PE synthetic addition
PS synthetic addition
Bakelite synthetic condensation
Nylon 6,6 synthetic condensation
PET synthetic condensation
Gutta percha natural addition
Forl-Any6 (02x6=12)
Forll— Any 6 (02x6=12)

10 (c) {ii): 24 marks

(i) Name the two monomers used in the formation of bakelite.

phenol and formaldehyde

OR @\ and HCHO
OH

(02 x 2 = 04)
10 (c) (iii): 04 marks

(iv) Polymers can be grouped imto two categories based on their thermal properties. State these
fwo categories. Write to which of these categories PVC and bakelite belong.

Thermoset polymers
Thermoplastic polymers
Bakelite — thermoset polymer

PVC — thermoplastic polymer

(02)
(02)
(02)
(02)

10 {c) {iv): 08 marks
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{v) Give one use each for three of the polymers given in the above list.

PVC pipes to supply water, seat cover, electric wire covers

PE food wrapping, garbage bags

PS stylofoam cups, rigiform, insulating materials, packing
materials .

Bakelite heat resistant parts for electric utensils, insulating
materials

Nylon 8,6 clothes, fishing nets & lines, tyre threads

PET bottles

Gutta percha insulation, permanent tooth fillings, golf balls
Any three (02 x 3 = 06)

10(c) (v): 06 marks

10{c): 50 marks
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