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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), (4), (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 JK~! mol™! Planck’s constant £ = 6.626 x 1034 Js

6.022 x 10% mol™! Velocity of light ¢ = 3 x 10° ms™!

Avogadro constant N,

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

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

(1) J.J.Thomson and Henry Becquerel
(2) Eugen Goldstein and Robert Millikan
(3) Henry Becquerel and Eugen Goldstein
(4) J.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
Il =0and m, = -1 respectively are;
(1) 6 and 4 (2) 8 and«l2 (3) 8 and 5 (4) 8 and 6 (5 10 and 5

3. M is an element that belongs tosthe second period in the Periodic Table. It forms a covalent mol-
ecule MCI, which has a dipole moment. The group of the Periodic Table to which M belongs is,
1 2 (2) 13 3) 14 4 15 (5) 16

4. The number of unstable Lewis dot-dash structures that can be drawn for the peroxynitric acid
0
molecule (formula HNO,, H_ﬁ_ﬁ_&_(j?) is,
H—R-R

(1 2 2 3) 3 4 4 3 5

S. The IUPAC name of the given compound is,
(1) 1-bromo-4-methyl-5-hydroxypent-1-en-3-one H,
(2) 5-bromo-1-hydroxy-2-methylpent-4-en-3-one Y g e e e
(3) 1-bromo-5-hydroxy-4-methylpent-1-en-3-one HO—CH,—H (||j FE=CH—Br
(4) 5-bromo-2-methyl-3-oxopent-4-en-1-ol O
(5) 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, Oo*, F, F, S, (I is,
() 8 > C'> 0> F > O > F

2 S > C> 0> F > F >0
@) C >8> 0> F > 0>F
4 C > S8 >F > 0> 0> F
5) S > > 0 > 0 > 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,, respectively. The total number of moles of the gas now in the container is,

nITIPl anlPZ T2P2 n1T2P2 anZPI
(1) ) @ 2% @ ®)
TP TP nTP TP TP

22 21 111 i1 12
8. The total number of electrons exchanged in the reaction of the oxidation of ethanol (C,H,OH)
to acetic acid (CH3COOH) using acidic K2Cr207 solution is,
(1) 6 2) 8 (3) 10 4 12 B) 14

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

0 o o o 0
o)) CH3(L0H @) (:Hﬁ—OCH3 (3) H-C—OCH, @) CH3CH2&—H ®) (CH3)3C£~H

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

(1) AX(s) > A)Y() AZ(s)
(2) AY(s) > AX(s) > AZ(s)
3) AX(s) > AZ(s) > AY(s) More Past Papers at

@ AY(s) > AZ(s) > AX(s)

>

5) AZ(s) > AY() > AX(s) tamilgurU.Ik

11. Consider the following compounds.

\'

CH, CH
I |3
CH,CH,CH,CH,CH,CH;  CH,QCH,CH, CH,CH,CH,CH,CHO  CH,CCHO CH,CH,CH,CH,CH,OH
H, H,

A B C D E
Relative
molecular 86 86 86 86 88
mass

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

BP“ A A A A
. /| BP B.P y B.P 4, | BP
/ / / /
_/ N N N ALl
|V LT ~Y \/
A’}
ABCDE ABCDE ABCDE ABCDE> ABCDE:
1N ) 3) @ (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

(2) KC1 < NaCl < KF <« Na,S
(3) KF < KCl < NaCl < Na,S
(4) Na,S < NaCl < KCI < KF
3) KF <« Na,S < NaCl < KCl

Standard combustion enthalpies of H,(g), C(s) and CH,OH(/) at 298 K are -286 kJ mol™!, =393 kJ mol™!
and ~726 kJ 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) 202 4 +84 (5) +202

Phosphorous can be prepared in an electric furnace as given by the following balanced chemical
equation.
2Cay(PO,, + 6Si0,+ 10C — 6CaSiO, + 10CO + P,

When 620 g of Ca,(PO,),, 180 g of SiO, 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, Si =28, P =31, Ca=40)

(1) Ca(PO,),and 80.7% (2) SiO,and 80.7% (3) Cand 50.4%
(4) SiO,and 40.3% (5 Cand 252%

Consider the following two equilibria occurring in two separate rigid-closed containers under the
same conditions.

Ny(g) +3Hy(g) = 2NH,(g) ; Kp =3.0x 107

NH,(g) + H,S(g) = NH,HS(g); Kp, =8.0x 107
Under these conditions Kp for the equilibrium 2H,S(g) + N,(g) + 3H,(g) = 2NH,HS(g) is,
(1) 576 x 10712 (2) 72x 10710 (3) 192x10® (4) 340x10° (5) 3.75 x 1072

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

Br Br H Br Br Br
(1) N¢H ) 3)+ NO, @) H 5) A
NO, . L _JNo,
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 Broglie wavelength of a neutron travelling with a velocity v is 4. If the kinetic energy
E (E = lmvz) of this neutron is increased four times, the new de Broglie wavelength would be,

(1) % 2 @) _21_ 3) 22 @) 42 (5) 164

[See page four
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20.

21.

22.

23.

an aqueous solution of the salt MX?

1)

anode +

(4)

anode —

Which of the following statements is correct regarding the reaction between a carboxylic acid and

—

j I—'— cathode

)]

an alcohol to give an ester?

(1) The overall reaction is a nucleophilic addition reaction of a carbonyl compound.

(2) It 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.

Decomposition of 1 mol of CH,OH(/) occurs at high temperatures as follows.
CH,OH() — CO(g) + 2H,(g); AH = +128kJ

—4%—
anode + j I'_— cathode
||

—i— &)
_'l |—+ cathode

19. Which of the following correctly shows the electrolytic cell constructed for the electrolysis of

anode —l I’ cathode

Which of the following is incorrect for the above reaction?

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

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.

The concentration of a dilute aqueous solution of a weak acid HA is C mol dm™ and its acid

dissociation constant is Kz at 298 K. Which of the following expressions gives the pH of the

solution at 298 K?

1 1
(1) pH= EpKa— —z‘logC

S IS
(2) pH= 2pKa 2logC

1 1
(3) pH=- EpKa+ ElogC

(4) pH=- 1 pKa- 5log(1/0)

(5) pH = 5 PKa~ 510g(1C)

G 1]
anode — |'—+ cathode
|

(H=1, C=12, 0O =16)

More Past Papers at
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[See page five



AL/2020/02/E-I(NEW) -3-

24,

25.

26.

27.

28.

29.

The strength of a H,O, 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() + 0,(8)). (Assume that 1 mole of gas
has 224 litres volume at STP.)

A bottle labelled X contains H,O, solution. When 25.0 cm® of solution X was titrated with
1.0 mol dm™ KMnO , in the presence of dilute H,SO, the volume required to reach the end point
was 25.0 cm’. The volume strength of solution X is,

(1 15 (2) 20 (3 25 4) 28 (5) 30

M(OH)Z(S) is a sparingly water soluble salt formed by the reaction between M2+(aq) and
OH (aq) ions at 298 K. The solubility (mol dm™) of M(OH),(s) in water at pH = 5 is,

Kyppom, = 40 x 107 at 298 K).
2
(1) J2x1018 (2) 2x107'8 (3) 1x107'® @ ¥ x107  (5) 1x10712

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)| Pt(s)

(2) Pi(s)| H,(g) | H*(ag, 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™) | Hg) | Pt(s)

(4) Mg(s) | Mg?* (aq, 1.00 mol dm™), H*(aq, 1.00 mol dm™), H,(g) | Pt(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 distribution coefficient K, of a
monobasic organic acid between dichloromethane and water. 50.00 cm® of a 0.20 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 flask 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) 4.00 (4) 20.00 (5) 245.00

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™s~!. Which of the following shows the rates of consumption
of Oy(g), formation of CO,(g) and formation of H,0(g) respectively, during that time?

rate / mol dm=3s™!

Ox8) CO,g H,O(®

m 3 4 2
@) x x x More Past Papers at
® 5 5 3 tamilguru.lk
@ 4+ 1 1
G 3x 2% 2%

Consider the following reaction occurring in a rigid-closed container at temperature 7.

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,

(D 25x10%st (2) 1255 (3) 2557 4) 5057 (5) 500s7!

-/

[See page six
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30. Consider the following reaction scheme.

o
éZH ClL/AICl, L LiAIH,

>

2. H'/H,0"

>

P and Q respectively could be,

O,H HO O H H,OH OCl H,Cl
O LT R W
Cl 1 Ci Cl
@ OCl HCl ) 5)2H é!-gOH
E‘g and [5 and
1 1

Cl Cl
@® For each of the questions 31 to 40, one or more responses out of the four responses (a), (b),
(c) and (d) given is/are correct. Select the correct response /responses. In accordance with the
instructions given on your answer sheet, mark
(1) if only (a) and (b) are correct.
(2) if only (b) and (c) are correct.
(3) if only (¢) and (d) are correct.
(4) if only (d) and (a) are correct.
(5) if any other number or combination of responses is correct.

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

Only (@) and () | Only (5) and (c) | Only (¢) and (d) | Only (d) and (@) | _AnY other number or
combination of responses

is correct

are correct are correct are correct are correct

31. Which of the following statement/s is/are correct with regard to 3d-block elements and their
compounds?
(a) 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(NH3)6]2+ is blue in colour whereas [Zn(NH3)4]2+ is colourless.
(d) The IUPAC name of K ,NiCl, is dipotassium tetrachloronickelate(II).

32. Which statement/s is/are correct regarding the following molecule?

i
H_ICP—OG_ CliE Cs_ C|T= OU
H H

v
(a) Atoms labelled P, Q, R and S lie on a straight line.
(b) Atoms labelled Q, R, S and T lie 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.
33. 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 dm3
rigid-closed container and allowed to reach equilibrium at 500 K as given below.
N,(g) +3H(8) = 2NH,(g)  K=2.0x 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) Initially Q< K; NH,(g) starts to produce N.(g) and H,(g) and the system reaches equilibrium.
(c) Initially Q- < K.; N,(g) and H,(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.

36.

37.

38.

39.

40.

Which of the following statement/s regarding the reaction between compound P and HCI to form
an alkyl halide is/are correct? CH

CH,CH C\CH
P 3

(@) The major product is 2-chloro-2-methylbutane.

(b) A secondary carbocation is formed as an intermediate in this reaction.

(c) 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.

3

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.

(b) 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?

(a) 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).

(c) 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?

(@) 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.

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

(d) Boiling points of halogens increase down the group as a result 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? (Ec:ll: +1.10 V)

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

(b) The equilibrium Zn2+(aq) + 2¢ = Zn(s) shifts to the right.

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

(d) The equilibrium Cu2+(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 is 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 NaZCO3 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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In question Nos. 41 to 50, two

statements are given in respect of each question.
From the Table given below, select the response, 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
3) True False
@ False True
) False False
First Statement Second statement

41.

Among the oxides of Cr and Mn, CrO and MnO
are acidic, while CrO3 and Mn207 are basic.

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

42.

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) ions are removed through the reactions;
OH (aq) + HA(aq) — A (aq) + H,0()) and

H'(aq) + A(ag) — HA(aq) respectively.

43,

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.

44

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™.

45.

All compounds having a C=C bond show
diastereoisomerism.

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

46.

Hydrogenation of benzene is more difficult than
hydrogenation of alkenes.

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

47.

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

SO, gas reacts with concentrated H,SO, to give
oleum.

48.

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

Primary, secondary and tertiary amines can react
as nucleophiles.

49.

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).

50.

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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The Periodic Table
1 2
1| H He
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J

(Use additional reading time to go through the question paper, select the questions and decide on the qucstions}
that you give priority in answering. b)

\—

A Periodic Table is provided on page 15. [Index No.: }
Use of calculators is not allowed.

Universal gas constant, R = 8314 J K! mol™!
Avogadro constant, N 4 = 6.022 x 1023 mol™!
In answering this paper, you may represent alkyl groups in a condensed manner.

H H

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

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
Jor 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.
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PART A — STRUCTURED ESSAY
Answer all four questions on_this paper itself. (Each question carries 100 marks.)

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 elements C,N and O, which one has the highest second
ionization energy? e

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

(iv) Of the three elements Be,C andN, 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? el

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

1
O—N-—N-O

(ii) 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.
:6? (o)
:j(il—;lg=f~'1—(jj—czN= c1—111‘—N2—o3— C*—N
N! N? o’ ct

VSEPR pairs around the atom

electron pair geometry around the atom

shape around the atom

hybridization of the atom

\
Do not
write

in this
column.

e

[see page three
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® Parts (iv) to (vii) are based on the Lewis dot-dash structure given in part (iii) 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.

I. CI—N! Cl i, ND

II. N—oO N e, (0 R

. N'-—N? N e N

IV. N—0® N2 .., O e,

V. O°—¢* O e Ct o,

VI. C*—N Ct o, N oo,

(v) Identify the atomic orbitals involved in the formation of 7z bonds between the two atoms given

below.

I N'—N? N, N? e,

. C*—N C o, N e

............ < iiiiinee € i € 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, < Xp).
X = electronegativity of the atom

HI. The inter-nuclear distance between A and B atoms (d ,_p) Of the AB molecule
is given by the following equation.

dy g = T, + rB—c(XB—XA)

r = atomic radius, ¢ = 9 pm

Note: d and r are measured in picometres (pm). (1pm = 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?

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

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

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

Do not
write

in this
column.

J

[see page four
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Inter-nuclear distance of H, (dy_y) = 74 pm Electronegativity of F = 4.0
Inter-nuclear distance of F, (dg_g) =144 pm Dipole moment of HF = 60x10°° Cm
Electronegativity of H =21 Charge of an electron = 1.6x107°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,-Py) 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
A P, ja compound with a covalent network structure
P, |a strong monobasic acid
B P, |a gas that turns red litmus blue
P, |a compound with bleaching properties
C 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

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

Al s B: oceiiiiiienns C:orrriiiinennn ) O

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

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

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

[ A
.. . . 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
column.

e

[see page five
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(iii) Write balanced chemical equations for the following reactions. wm’:’t
] in this
I. P, with NaOH(aq) column.

e S R IR T S 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,, 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
I T+R a clear colourless solution
u P+R a white precipitate
I T+S a gelatinous white precipitate
v U+R a white precipitate
V. P+Q  |awhite precipitate, turns black on heating
VI P+U a white precipitate, dissolves on heating

(i) Identify P to U.

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

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

(Note: indicate precipitates as }) (50 marks)

3. (a) A saturated aqueous solution of a sparingly soluble salt ABy(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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(i) 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 2.0dm?> 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 A2*(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.

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

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

(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. 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 cm3)

(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 |rite

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 (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
(if) 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, 1. C,H,MgBr
Methanol 2. HY/H,0
X Y

Name a test to distinguish between X and Y.

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

—. J

[see page eight
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Do not
(b) (i) Complete the following three reaction sequences by drawing structures of compounds wn-tr;o
K, L and M and giving the reagents/catalysts P, Q and R in the boxes given below. [in this
column.
Sequence 1: gt
CH,CH=CCH, P CH,CH—CHCH, CHC=CNa ¢
CH, (Reaction 1) Br CH, (Reaction 1I)
P K
Sequence 2: HO H,
Zn(Hg)/ - HCl
n(Hg)/conc HCl Q R HCN M
(Reaction 1II) (Reaction 1V) OCH, (Reaction V)
L Q M
Sequence 3:
CH,CH,C=0 CH3CH2i=N—©
CH, (Reaction VI) H,
R (30 marks)
(ii) Selecting from the reactions I1-VI, give one (01) example for each of the following
types of reactions.
Nucleophilic addition — ..eoeiiiiiniiiiini s
Nucleophilic SUbSHIUHON  ....oeuiiiiiiniiiriiieiiineiinees (10 marks)
* ¥

[see page nine
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% Universal gas constant R = 8314 J K~! mol™!
% Avogadro constant N, = 6.022 x 102 mol™!

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

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

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

A sample of 7.5 g of XY,Z,(g) was placed in an evacuated 1.00 dm3 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.

(i) When the above system reaches equilibrium 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,(2),
XY,(g) and Z,(g) in the equilibrium mixture at 480 K.

(i) Calculate the equilibrium constant KC 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-' , 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 XYZZZ(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,(h) —» XY,(8) + Z,(g) is equal to, or higher or lower

than AH obtained in (ii). 5 marks)J

|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) — 4NOL(g) + 0,(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 0.10mol dm™ of
N,O(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,O4(g) in this time interval.

IL. 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,O((g)] / mol dm 0.01 0.02 0.03

Initial rate / mol dm™ s™! 6.930 x 107 1386 x 10 | 2.079x 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,O4g). It was found that the concentration of N,O4(g) which remained after a period
of 500s was 2.0 x 102 mol dm™.

I. Calculate the half-life (tl/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,O4(g) = NO,(g) + NO,(g) : Fast
Step2 : NO4(g) + NO,(g) — 2NO,(g) + O(g) : Slow
Step3 NZOS(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 7. 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 P; andP;, respectively. Mole fractions of A and B
in solution are X, and X, respectively.

O

(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.

I. 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)

\ )
[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,
D. | Electron flow From .......... L T From .......... 10 oo,
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 ZnOgs) is produced.

You are given that @
EZ00(s) | 2ots)| Ob-aqy = ~1-31 V and E oot = +034 V
Zn = 65 gmol™, O = 16 gmol-! and §§§
1F =96,500C 2Y I
. Write the half-reactions occurring at anode Anode—t> Flectrolyte ?2%_ Porous
and cathode. £o28] Cathode

II.  Write the overall cell reaction.
IIl.  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)

(®) A coloured complex ion P is formed when the salt M(NOS)n 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,

[
Eoad

(blue coloured precipitate) (deeply coloured solution)

[P_l conc. HCI N
| - .
(vellow coloured solution)

U
2. m

(reddish-brown precipitate)

T and U are coordination compounds each containing four elements. P, R and S are complex ions.
(1) Identify the metal M. Give the oxidation state of M in complex ion P.
(ii) Give the value of n in M(NO3)n.
(iii) 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, 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, Na28203 and starch. (75 marks)J

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

8. (@)

(b)

(c)

(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.

Stepl Step2 B Step3

C

CH,CH,CH,OH A

lStep 4

D

I " o

Step 6 Step7
£ <P 5 CH,CH,CH-CH-CH, P2 > p —2—> CH,CH,CH-CHCH,
CH, c

ist of Reagents
HBr, PBr;, pyridiniumchlorochromate (PCC),
Mg / dry ether, KCN, conc. H,SO,, 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 ¢ - ocl 4 2. H/H,0
> G —> —~=> H —> K

H.OH
Note that K gives benzyl alcohol ( ©/C ") when reacted with NaNO,/ dil. HCI.
(24 marks)

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

H2 Br
Br f Br

(20 marks)
(ii) Consider the following reaction.
CH,CHCH,
Or -
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) Nlustrate 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. (@) (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 .
1 [}
1 ]
dil. H,SO ' <> V :
29y ! !
R 1 . . I
<A> + @ ! solid precipitate !
metal pae g colourless, : :
odourless i I:, O '
dil. NaOH { solution gas |
Jy L/ 4+ + l strong monobasic acid I
black  pale yellow/
i milky white J
dirty'green Y
iHint: Tty 4 clear colourless I
: Hint: :
- E is acompound that contains two -
; i elements belonging to the first two ! ' II’ ® dil.
i periods of the Periodic Table. + | colourless colourless, NH,OH
""""""""""""""" J bad odour
4 dil.
V 1. dil. HNO, NH,OH AgNO,
~—
dark blue - reddish-brown yellow-brown white

dil. NaOH
[0 =" (b)

slightly acidic

turns filter paper
moistened with
{r Nessler's reagent brown
reddish-brown deep red

(ii) 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 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 SOZ‘ as products. Thereafter, the excess
KMnQ; in this solution was titrated with 0.15 mol dm=> Fe2+ 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,
I. Cu,S and KMnO,
II. CuS and KMnO,
IIl. Fe* and KMnO,
(iii) Calculate the percentage by weight of Cu,S in X. (Cu = 63.5, S = 32) (75 marks) J

[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.
(i) 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)

(c) 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.
1. 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)

¥ % ¥
More Past Papers at

tamilguru.lk

—
[see page fifteen
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The Periodic Table
1 2
1 He
3 4 5 6 7 8 9 |10
2 | Li| Be B |C | N /O |F |Ne
11 ;| 12 13 |14 (15 |16 |17 | 18
3 [ Na| Mg Al |[Si P | S |C] |Ar

1912021 2223124 25 26 |27 {28 |29 |30 {31 {32 33 34 |35 36

37 138139140 | 41 | 42 | 43 |44 |45 |46 | 47 | 48 | 49 50;51 52 |53 |54
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Common Techniques of Marking Answer Scripts.

It is compulsory to adhere to the following standard method in marking answer scripts and
entering marks into the mark sheets.

Use a red color ball point pen for marking. (Only Chief/Additional Chief Examiner may use a
mauve color pen.)

Note down Examiner's Code Number and initials on the front page of each answer script.

Write off any numerals written wrong with a clear single line and authenticate the alterations
with Examiner's initials.

Write down marks of each subsectionina A and write the final marks of each question as a
rational number in a D with the question number. Use the column assigned for Examiners
to write down marks.

Example: Question No. 03
(i) e \/ A
(l1) v e

Cad v 2 vm 2 = [

MCQ answer scripts: (Template)

1.

Marking templets for G.C.E.(A/L) and GIT examination will be provided by the Department of
Examinations itself. Marking examiners bear the responsibility of using correctly prepared and
certified templates.

Then, check the answer scripts carefully. If there are more than one or no answers Marked to
a certain question write off the options with a line. Sometimes candidates may have erased
an option marked previously and selected another option. In such occasions, if the erasure is
not clear write off those options too.

Place the template on the answer script correctly. Mark the right answers with a 'v' and the
wrong answers with a 'X' against the options column. Write down the number of correct
answers inside the cage given under each column. Then, add those numbers and write the
number of correct answers in the relevant cage.
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structured essay type and assay type answer scripts:

1. Cross off any pages left blank by candidates. Underline wrong or unsuitable answers. Show
areas where marks can be offered with check marks.

2. Use the right margin of the overland paper to write down the marks.

3. Write down the marks given for each question against the question number in the relevant
cage on the front page in two digits. Selection of questions should be in accordance with the
instructions given in the question paper. Mark all answers and transfer the marks to the front
page, and write off answers with lower marks if extra questions have been answered against
instructions.

4, Add the total carefully and write in the relevant cage on the front page. Turn pages of answer
script and add all the marks given for all answers again. Check whether that total tallies with
the total marks written on the front page.

Preparation of Mark Sheets.

Except for the subjects with a single question paper, final marks of two papers will not be
calculated within the evaluation board this time. Therefore, add separate mark sheets for each of the
question paper. Write paper 01 marks in the paper 01 column of the mark sheet and write them in
words too. Write paper Il Marks in the paper Il Column and wright the relevant details. For the subject
51 Art, marks for Papers 01, 02 and 03 should be entered numerically in the mark sheets.

* k¥
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Instructions:

Periodic Table is provided.

This paper consists of {Fﬁ pages

Answer all the :gms*tmrzs

Use of ealculators i not aliawd - ~

Write vour Fndex Nuntber in the Space pmazwed in: r}w answer siwet

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

A each of the questions 1 to- 80, pick one of the za’;snmtwm Srom (1), 2), (3), (), (5} which is eorrect
or most appropriate and mark your response on the answer sheet with a cross ) in acwrxfame
with the instructions given on the back of the answer sheel.

 TEE R "

o

Universal gas constant R 8314 1K mort 5t Planck’s constant ‘ﬁm 6.626°% IG"WS"? Ig
Avogadro constant m}zz x 10% moi“i \fc‘lomy of Izght =3 x 108 mg!

1. . Consider the faimwmg &;h coveries. made wﬂh regazd o the amm;c btructure }

ositive rays inside a cathode ‘ray tubs S
I1. Radioactivity by certain types of nuclei

The two scientists who discovered the above stated [ and II respemvc]y, are,

(1) 1.1 Thomson and Henry Becquemi

(2) Eugen Goldstein and Robert Millikan

(3) Henry Becquerel and Eugen Goidstﬁm

4y 1.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 = ~1 respectively are,
(1) 6 and 4 (2) 8 and 12 (3) 8and 5 4 8 and 6 (3) 10and 5

The IUPAC riame of the given compound s, :

(1) 1-bromo-4-methyl-5-hydroxypent-1-en-3-one H,
(2) 5-bromo-1-hydroxy-2-methylpent-4-en-3-one . . o e e o
(3) 1-bromo-S-hydroxy-4-methylpent-1-en-3-one HO=LH, CH?{ CH=CH-=Bs
(4) 5-bromo-2-methyl-3-oxopent-4-en-1-ol o 0

(5) 1-bromo-4-methyl-3-oxopent-1-enol :

i

3. M is an element that belongs to the second period in the Periodic Table. It forms a covalent mol-
ecule MCI, which has a dipole moment. The group of the Periodic Table to which M belongs is,
(nH2 2y 13 3 14 4) 15 (3) 16

4. The number of unstable Lewis dot'dash “structures that can be  drawn for the peroxynitric acld « |

S O
molecule (formula HNO,, f—{j—{j—N—{F) i,
gt
() 1 2y 2 3 3 4) 4 * 5 3

[Seo nevé twa
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6. The decreasing order of radii of thc Spéciﬁs‘ (},:- o>, F F, §%, I is,
S>> 055> F >05F :
@ s >a> 0> F >Fx0
@A >8> 07> F > 0xF -
@ >8> F > 00> 0> F
5 8> > 05> 0> F>F
7. A rigid-ciosexf container contains n, moles of an ideal gas at tempmamfe' T (‘K} and pressure P (Pa).
When an additional amount of the gas was inserted into the container, the new tﬁmpemtiim and
pressure were 7, and P, respectively. The total number of moles of the gas now in the container is,
Cearp TR e I T “"\712 e ; p
o e epr elE o
b "2 45 i
8. The total number of ccctmns exchanged in the reaction of the oxidation of ethanol (C H,OH)
1o acetic acid  (CH,COOH) using acidic K,Cr,0, solution i, e
Iy 6 (2) 8 3 10 @z {5) 14
9. Which compound of the foilawmg, can undcrgo adoi candematwn when rmcted With aqueous
Na(’)}i‘?‘ ‘
(1) CH, é“w{m 2 CH“@EWG‘CH (3) H»@?{){‘H (4) CH,CH, g«-«ﬁ (5) (C‘!“igafij;mw
10, AX(s),AY(s) and AZ(s) are spanng,%y soluble salts it wamrhamgk’ values of 16;»(1{)“” 32 10" and
9.0 % 10712, respectively at 25 °C. Which of the f’uﬂowmg shows thie t}rdcr of the three saturated solutions
of these salts in decreasing concentration of cation A™(aq) ,at 25°C? - : : i
() AX(s) > AY(s) > ALl)
(2) AY(s) > AX(G) > ALs)
(3) AX(s) > AZ(s) > AY()
@) AY(s) » AL(s) > AX()
(5) AZ(s) > AN() > AX(s) ik
11. Consider the following compounds. e ,_
CH, e CH T ,
CH,CH,CH,CH,CH,CH, c:fiﬁ%f(:i»iz(‘:;:g CH,CH,CH,CH,CHO . CH,CCHO  CH,CH,CH,CH,CH,OH.
, CH, . o '
A B .. cC D B
mi;iitéxx‘lar 86 86 ‘ s 86 ‘33 :
mass :
Variation of boiling points of these compounds is'béstisiizawz; by,
4 3 E Y &
B ] BY B.P P BP 4L BP
/1 / il EERy/a |
7 N AN -~ . AL
ATCDE> ABCBDE> ABCDE® ABCDE ABCDE
() @ 3 RN C) BERE R &3

[See page three
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12,

3.

14.

15.

16.

17.

18.

The mtmaﬁmg order of cavalenﬁ character of the chemical ‘;pe(,lcs Na(f‘ Na,S, KF and E{Cl is,

(1) KF NaCl < KC < NazS

(2) K€ < NaCl < KF < NaS

3) KF- KCl .« NaCl *Na S

4y Na,S NaCl <« KO < K}‘*

{5) KF Na,§ < NaCl < KCl

Standard combustion emhaipxes of H,(), C(s) anid (‘H LOH()at 298 K are 286 kJ mol™, =393 kJ mol™!
and -726 kI mol™, respectively. Enthalpy of vapcmmmm of CH,OH(/) is +37 kJ mol™. Enthalpy of
formation (kJ mol ) of one mola of ;:,aswus CH OHat 298K is,. . ,

(1) 27 (2y -239 RG] mznz @) +8z£ By 202

A

<
<
<
<

Phosphorous can be prepared in an clectric furmace as given by the following h&laxmd chemical

equation.
2Ca, (PO, + 680+ 10C > 6CaSz€ls+ 10C0+By :

When 620 g of Ca,(PO }2, 180 g of 8i0, and 96 g of C were reacted, 50 g of P, were obtamed Under
these conditions, the limiting reagent (reavem that is completely consumed) md percentage yield of P,

respectively are, (C = 12,0 = 16, _‘%i 28 P 31, Ca 40y »
(1) Ca(PO,),and 80.7% (@ Si0,and 80.7% (3) Cand 504%
4) SiOjand 40.3% . 5 ("ami 25 2%

Consider the following two eqm}z%ma occurring in two separate ng&é—clo@eﬂ containers under the
same conditions. ‘

N,() +3Hﬁ<g)'@'2Nf§g,cg) . Kp :-;3{::x10~4
_NH, (&) +H,S(g) = NH,HS(g);: Kp, =80x. 10“‘* s
Under these conditions K for the- e}qu;hbmm 2H,S8(g) + Ny(g) + EHE{g) = QNH4H;S(g} is,

() 576x 101 (2) 72):}()““’ (3) 192x10% (4 340x10° (9 3775 %107

Consider the nitration reaction of bromz:;bemene Resonance sta%nhzeﬁ mrbc}c:duon miermedmtcs _

are formed during this reaction. Which of the fcliowmg is mot a resonance structure of these
intermediates? )

Br ' Br . Br. : o Br - Broo.
¢ H @) (3 NO, (4 H G &
K, @ &y J

A reaction which is non- s,pmnmneous at mom tempwattzm and | atm pfessure bemmes sgomanmﬂs 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.)

CAG - AH AS
{1) Positive Positive  Positive
(2) Positive Negative  Negative
(3) Positive Negative  Positive

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

The de Bmahe wavelength of a neutron irave%ling'with a velocity v is 4. If the kinetic energy
E(E = mvz} Qi this neutron is increased four times, the new de Broghi ie wavelength would be,
(h A @ 4 3 24 @ 44 (5) 164

2

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




Department of Examinations - Sri Lanka Confidential

ALZO20/02EINEW) 4-

19.

20,

22,

23.

@ "

Which of the following c&rreci%y shows tiw electrolytic cell gnnstz‘uct&:d f{)r the &':lcatm[ysm of

an agueous solution of the galt MX? :
ol :{:axt‘mdé‘ ‘ anode ~ e

(h e )
wnode -+ .
~ cathode

— cathode anbde +

&)

anode - 4 cathode anode

Which of the following statements is correct mgardmg the reaction between a carbmyh(, acid and
an alcohol to give an- ester? : G ' '

(1) The overall reaction is a msdwph[hc addition reaction of a carbonyl compound.

(2) Tt is a reaction in which the alcohol acts as a nucleophile.

(3) It is a reaction which occurs with the éma‘)ﬁgﬁ of the O—H bond of the earbmyli{: acid.
(4) It is a reaction which occurs with the Lleawga of the CM«O bond of the alcohol.

(5) 1t is: an acid-base reaction.

. Decomposition of [ mol of C,‘H O}i(l} -occeurs at high tempet*amrea as failmvs

CH,OHW) - (,{}(g) + 2}12{@} AH = +128K]
Which of the fol Iowmg is zz;cm*mt i@r {he a‘nmfe rcacnon? (Hw} C‘ }2 Q= lf))

A1 The heat absorbed. ‘when 1mol of {;H Oﬁ(g} is écc«:}mpc)sc;d is 1ess than 128kJ.

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

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

@1 128 kI of heat is ahmrhed dunng the df;cgmp@smon of a mole of reacmzzf
ﬁj’i) 128 kJ of heat is absottaexi when 32 g "iﬁ“f pmducts are formed. ‘

Idem;fy the mwmﬂ stat&mﬁm fmm the following.

(1) Electron gain anergy 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 ﬁfmn 2.

(5 Al mmmmm }S’ mexi towards N gas cvm when_ hmﬁﬁﬁ tc; a high iem;)emmre

The concentration of a dilute - aqueous scxfumm {:sf a waak acid HA s C moldm™ and its acid

dissociation constant is K, at 298 K, Which of the following expressmm gwes the pH of the
solution at 298 K? ;

(1) pH=1pks-tiogc Bl
@) pﬁw»wpifamwmgc

{3) g}me wpf{a iog(f o

@ pH=- «»pzs:a%w og(m

(5) pH= E ng - E‘I{}g( UC}
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24. The strength of a H,0, solution can be expressed as the volume of O, produced at standard
temperatire and prg:baurc (STP). For example, a lire of 20 volume &tmngﬁx H,0, solution Wlﬂ
produce 20 litres of O, gas at STP (2 fiz {aq) - 2H LO() +O(g)). (Assume ihd’f 1m::>le of g
has 22.4 litres volurme st STP)y
A bottle labelled X contains H,0, solution. When 25 Ocm® of solution X was titrated with
1.0 mol dm™ KMnO, in the pre&cnm of dilute H,80, the volume reqmmd to reach the end pmm
was 25.0 cn®. The volume strength of solution X:s,

(1) I8 (2y 20 S (3) 25 a 4) 28 {3) 30

25, M(()H}z(s) is a s;naz‘mgly water soluble salt” formed. by the reaction between Mz“”(g,sq) and
OH (aq) ions at 298 K. The solubility (mol f:im‘%) of M(E)H}zis) in water at pH = 5 is.
Kypiom, = 40 X 1077 at 298 K).

() axiw® @ 2><10”‘3 3 1x10® @ \/§x¥{}’“‘°‘ (5) 1x107"?

|26, Which of the foll ewmg mrmctiy denotes the siaadmd gaivamc wll u;mstﬂscicd by using a standard
hydrogen electrode, a standard Mg-electrode and a salt-bridge.at 298 K7
%+ (aq, 1.00 mol dm>) || H* (aq, 1.00 mol dm™?) | Hy(e)| Pi(s)
(2) Pi(s)| H,(g) | H*(ag, .00 mol dm~) || Mg?* (aq, 1.00 mol dm?) | Mg(s)
(3) Mg(s), Mg™* (aq, 1.00 mol dr™) || H'(aq, 1 00 mol drr) [ Hy@)| Pi(s)
(4) Mag(s) | Mg* (aq, 1.00 mol dm”d}, ‘”(acg,i 00 mol dm”?‘) Hz(g}{ Pi(s)
(5) Pi(s), H(g) | H'(ag, 1.00 mol dim?) I M *‘(aq,} 00 mol dn), Meg(s)

27. The following procedure was carried out at 298 K to determine the fi;ambumn (‘»:mfﬁment K,of a
monobasic organic acid between dichloromethane and w'm,r 50.00 em® of a 0.20 mol dm™ aquwas
. solution. of -acid were mixed- vigor 3 of dichloromethane and the two layers
~were allowed o %pa“ Thereaft ' - layer it the bottom “of - the flask was
drained out. 10.00 e 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 mgamc phase.)
K, of the acid between dichloromethane and water at 298 K is,
(1y 005 (Zy 025 - 3y 400 (A 200000 - A5) 2450{}

28. A reaction C SHe) g 30,(8) — ZLOZ(g} 4 2H, 0{‘»’} oceurs in a rigid-closed container at a
given temperature. After a certain tzme 1t ‘was” feund that the rate of the reaction with. respect to
consumption of C,H (g) was .x mol dm thh of the following shows the rates of consumption
of O,(g), formation of (‘()E(g) and formatxon of H. G(g) respectively, during that time?

rate/ mol dm>s'

O)8)  CO\g) HO(g)

O 2 v3
3] x X X
S J( ! X gt s n A e T R T e e e T e B
G 3 2 )
@ + + 4
(5) 3x 2x 2x

29. Consider the following teaction 'Oﬁcurring in a rigid-closed container at temperature T
Mig) + Q@) — R(g) + Z(g)
The rate of reaction doubled when the conccmmuon of M was daubled The raic Qi“ reacaan is
5.00 % 10 mol dm~ s~ when the concentrations of M and Q are 1.0'x 107 mol dm? and 2.0 mol dm™
respectively. The rate constant of the reaction under these conditions is,

M 25x10%s @) 12557 3) 2557 (@) 505" (5) 50057
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30,

32,

SR s e

W)

Consider the following reaction scheme.

SO '
© o Cymicy o LLIAH,
2. HTH,0

- P and Q respectively ‘could be,

OH HO  COH CHOH ocl - CHCI
TEIE ama g g
) a i a

@ '0C! ; S}gﬂfi ) 5021‘% é}{zﬂﬂ
[ b and -and

a Cl

3.

For each. of the que:sl,mm 31 to 40, one or more responses out of the four responses (a), (),
(¢y and (d) given isfare correct. Select the correct responsefmsponms In ac:cordance wzth the
instructions given on your answer sheet, mark
(1) if ‘only (@) and (b)-are correct.
(2y if only () and (c) are correct. .
(3) if only (¢) and (d) are correct.
(4) if only (d) and (a) are correct.
(5) if any other nambcr or combination of r%panses is wrrcct
‘ Summary oi‘ above Instructions .
W @ KON @ 1 ¢
Only (a) and (5) | Only (5) and (c) | Only (c) and () | Only (d) and (a) | AnY other number or
I - : e ' 1 combination of responses
are correct are correct are correct are correct is cofrect
Which of the following statement/s isfare correct with regard to 3d-block elements and their
compounds?

{«) Among the 3d-block clemema, Sc is not consxdemd as & transition eiunent
(b) The radii of atoms (Sc to Cu) decrease from left to right. _

(). f_Ni(NHg}ﬁj’z““ is blue in colour whereas {Kn(NI*i3)4}2* is mi{:mrlms; k

{dy The TUPAC name of KZN.iC} 4 is dipotassium tetrachioronickelate(1).

Which statement/s is/are correct regarding the following molecule?
HW??WOCE" CEls (ffm(}u
i J

v

() Atoms labelled P, Q, R and § lic on a straight line.
(b) Atoms-labelled Q, R, S and T lie on a straight line.

(¢} Atoms labelled R, S, T, U and V lie on the same pianex

Ad) Amma, fabelled R, 8, T and U lie on a straight line.
.0 molw of Ny(g), 0.10 moles of H,(g) and 040 moles of NH,(g) were msemd into a 1.0 dm’

rigid-closed container and allowed to reach equilibrium at 500 K as given below.
2(5)»&3H2(g):i" 2NH,(g)  K=20x 10% mol? dm®

Which of the following statement/s isfare correct for the chzmges in the sys!:em from ’(hf: initial

stage lo equilibrium? Q. is the reaction quotient.

{a) Initially Q> Kw NH.(g) starts m pmducc Nz{g) and Hz(g} and ‘the system reaches equilibrium,
] Imimiiy Qe < i({ + NH,(g) starts to produce Nzgg} and H,(g) and the system reaches equilibrium,
(¢) Initially Q< Ke Ny(g) and H,(g) react to form NHB{g} and the system reaches e:qmiihrmm
(d) Initially Qo> Kp Nz(g) and H,(g) react to form NHB(g) and the czystem reaches equilibrium.

I8ee prge seven
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3.

39.

40.

35.

Which of the following statement/s mgarﬁmg the reacnon between compound P and HCl to form .
an alkyl halide is/are wmci‘?
‘ (,HQ("‘HzC/

o @13'

{a} The major product is 2~<,h§0r0«2~mssthyibat&ne
(b) A secondary carbocation is formed as an mtexmgdxam in this reacnon

(¢) In one of the steps of the reaction, the HCl bond is cleaved to give a chlorine radical (C1).
{e) In one of the 51::«3;)3 “of the reaction, a nucleophile raacts with a carbocation.

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

temperature shows a negative deviation from Roult’s Law. Which of the lelowmg smemcntis

isfare correct for this system?

(@) Total vapour pressure of the mixture is less than the cxpccwd total vapour ymmm shoutd
it behave as an ideal mixture.

() Heat is released when the mixure is fcrmed _

(¢) 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}.‘}‘ie&t is; ‘absorbed when the mixture is formed.
36.

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

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

(b) Both classes of compounds HFC and HCFC have the ability to produce chlorine fm radmaiz;
in the upper atmosphere (strafosphere).

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

(d) All three classes of mmpeum:’fs QF‘C‘, HCFC and Hf’(ﬁ‘ mmnhmf: significantly to ozone layer

daﬁieu o1

. Which of the iallowmg statement/s isfare eorrect with. regard 10 hak}gms noble gases and thmr

compounds? :
(@) Hypochlorous ion. disproportionates rapidly in amdzc solutions.

- (b) Xe forms a series of compounds with E, gas, among which Xc? has & sqxare planar geometry.

(¢) Among the hydrogen halides, HF has the highest bond dmommmn energy per mole.
(d) Boiling points of halogens increase down the group as a result of increasing strength of
London forees. s

Which of the 0H0wmg statement/s. is/are correct reg,drdmg the Daniell cell when it spemies at room

temperature? (Ec = $1.10V)

(@) Net ci&:ciror; ﬂww oceurs from Zn to Cu. g

(b) The equilibrium Zn™(aq) + 2e == Zn(s) shifts to the Tight.

(¢y A liquid-iunction potenual is a;eaé:ed due to the presence of a saltwbmige
(d) The equilibium Cu*(aq) + 2e &= Cu(s) shifts to the right.

Which of the following statement/s is/are correct for ideal gases and real g‘xsc‘; at constant tumg}emmre‘? b
“(a) At very high pressures, the volume of a real gas is higher than that of an ideal gas.

(by At high pressures, real. gases tend to behave as ideal gases.
(¢) At very high pressures, the volume of a real gas is Jower than that of an ideal g«m
(dy At low pressures, real gases tend to behave as ideal gases.

Which of the following statement/s is/are correct regarding some industrial processes?

{(a) The first two steps iﬁvai?e&l in the manufacture of Na,CO, by Sp‘iv;tyi?s’fo‘cess are endothermic.

(by The presence of Mg, Ca® and SO jons in brine, hinders the production of NaOH- using
the membrane cell ‘method. 4

(¢) 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.

() High temperatare :md low pressure conditions are employed in the m*mufadure of NH, gas
using Haber-Bosh process.

{Spe nros oioht
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41,

42,

43

44

47.

48.

49

@ In question Nos, 41 to 50, two statements are given in respect of each question.
From the Table given below, select the response, out of the responses (1), (2), (3), (4) and (5),
that best fits the two statements and mark ayprqpmu@ly on your answer sheet.

¥

i

le

Response | First Statement’ . Second Statement
(1) True _,’I Tue, fmé correctly explains the first statement
(2) o Tme I True, but does not explain the first statement correcily
(3) © "True | Palse
) False True
Gy | False False
First Statement T L ‘Second statement
The acidic/basic nature of the oxides of Cr

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

o Qf the meta}

and Mn is dependant on the omdaﬂc}n number

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

When OH (ag) or H (aq) ions are added © a
bufi@r solution, the added amounts of OH (aq) or
H (dq} ions are removed through the reactions;

OH' (aq} + HAGg) — A'(aq) + H O(l’} and
H (aq) -+ A(aq) -~ HA(aq) respectively.

Essential oils can be e&f&aﬁtﬁ{i 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 ti’ie‘ ~a£mo$phéz‘ié pressure.|

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

At 0 °C temperature zmd 2 atm pm@s&m the molar
volume of an ideal gas is 22.4 dm® mol™.

AL compounds havmg a Cm(? ’aond 5hew,

diasterecisomerism.

‘Ww‘h

Any two isomers which are not mitror 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 ammanc c;tab:hzatmn

The reaction that takes ;}lace hetwe&n S{} gas

and water in the production of auiphumc acid

is endothermic.

&03 gas xeacts thh conwrxtrated HZS{) o 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 t&rﬁm‘y ’s_mme*s can react
as nucﬁfmpmies :

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).

EE

50.

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

Photochemical smog is cansed entirely by
scattering of solar radiation by small particles
and water droplets that are emitted by vehicle

exhaust systems,

[8ee naee nine’
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PART A — STRUCTURED ESSAY
Answer all four questions on this paper itself, (Each question carries 18 marks.)

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 Maz2*
radius? O riiereeeaa g ........
(ii) Of the three elements C,N and O, which one has the highest second
ionization encrgy? SN O S
(iii) Of the three compounds H,0, HOCI and OF,, which one has the most OF f
clectronegative oxygen atom? crvbereenToh Barees

(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 C
gaseous state? e

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

(vi) Of the three compounds HCHO, CH,F and H,0,, which one has the H |

strongest intermolecular forces? e H2Q2. i

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

(h) (i) Draw the most acceptable Lewis structure for the ion, N2032“. Its skeleton is given

below.
(i) !‘ .'!
O—-N—N-—0 oChe
ﬁ".. 'R -
* Qe — =0,  (06)

L L d

(ii) Draw three more Lewis structures (resonance structures) for this ion. Indicate the relative
stabilitics of the stuctures deawn by you, when compared with the most acceptable structure
drawn in (i) above, by writing Jess stable' or ‘unstable' under these structures,

. Ny
ot %
@ ..e
el - L) L '@ L d aw LR .
‘q—&lrmw o+ (02) =—» g===H—7WN-—0: (02)
{less stable} (o1) {unstable) {01}
Mo

Q.. & .0
rg——N—ai (02)

{unstable) (01)

(iii) Complete the given table based on the Lewis structure and its labelled skeleton given

below.
o® o
m——ész S— CE=N Clmme NL N2 e O3 G4 N
N’ N2 o? ct
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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© Parts (iv) to (vii) are based on the Lewis structure given in part (iii) above. Labelling of atoms
is as in part (iii).

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

I C—N' o ...300R s’ N SP e,

L N—0 N..% o ZORs

M, N—N2  N!' ... 892 o, N2 SR,

IV. N—0" N2 8PP, 0 5P,

V. 0 —ct 0O ... SR Ct P,
VI C*—N o sp N 2p OR sp (01 X12=12)

(v) Identify the-atomic orbitals involved in the formation of r bonds between the two atoms given
below., 1 ‘ )
. N'—N? N/ sz .............. N2 N 2p ..........
n c—~N ¢t LShw o N N2,
ct LLLCh2 S O - (01X 6 = 06)

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

(01 X 4 =04)
(vii) Arrange the atoms N!, N2, O3 and C%in the increasing order of electronegativity.

LB < N2... < ..NL.... < ....Q%.. ) (03)

1(b): 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.

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

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

dy g = Tat rg—c(Xp=~X,)
r = atomic radius, ¢ = 9pm
Note: d and r are measured in picometres (pm). (I pm = 1072m)

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?
Polar covalent bond (03)

(iii) Write the equation to calculate the dipole moment (1) of molecule AB and show its
direction.

_>+E

n=dasx8 OR p=qgr, A—B OR A (01 + 01)
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(iv) Calculate the percentage of jonic character of the H-F bond in the HF molecule using
the data given below.

Inter-nuclear distance of H, (dy;_ ;) = 74 pm Electronegativity of F = 4.0
Inter-nuclear distance of F, (d_;) =144 pm Dipole moment of HF = 6.0x 10° Cm

Electronegativity of H =2.1 " Charge of an clectron = {.6x 10719C
W =duExd, H¥*—F®
m=dw =74 =37pm (02)
2 2
re=dre = 144 =72pm (02)
2 2
Therefore, dur = 37 + 72 - 9(4.0 -2.1) (01)
=109-9x1.9
= 91.9 pm (02)
K = duF X 8, 6.0 x10%° Cm =8x 91.9x10"2 m (01)
8= 6.0 x10% =0.65x10"° (02)
91.9 x 1012
% lonic character = 0.65 x 10-'° x 100 (01)
1.6x 101
= 40.6% (01)
OR
th=dwe =74 =37pm (02)
2 2
rr=dr2 = 144 =72pm (02)
2 2
Therefore, dur = 37 + 72 -9(4.0-2.1) (o1)
=109-9x1.9
=91.9 pm (02)
Bionc = 16x10"C x 91.9x10"2 m (03)
= 147.04 x103¥ Cm
% lonic character = 6x 1030 x 100 (01)
147.04 x 103
= 40.8% (01

2. {e) Ay B, C and D are chlorides of p-block clements. These cloments have atomic numbers less
than 20. A description of the products (B, —Pg) forroed w!wn Ay ;umted with a Thnited
amount of water and B, © and D are mamwd wxih exww water are’ g,xven betow,

Clompoand Diescription of pnyducfs

Pla cnmpmmd with & c;ovalem network structure o

Py la strong mmwbasw acid

1P, % gas that fwrns red litmos bloe

B ¥, |a compound with bleaching properties

¥y |a tribagic acid

Py Ta strong monobasic acid

1 By e gas that tumssacidic: KiVinOy; sotution colourless s
3] Py la colloidal solid o

By la strong monobasic acid

G Iachmufy Ay B, C and D (gne the chemical f{)m’mlar}

a SICk..  p NCh. . & PGl p SCh. (04 x 4)

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

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

!liKSQilC"é"ﬂ:*:lllleglo' "Q‘T‘)‘\llllloiz (P1) ‘.4"(‘I"!"Q((Erz)t!i‘.’l‘()kl‘t’.!i'kr!!‘] lUl“l! “( 5)
oo NGl L 3H20, 2 NHa, L (Pa), 4 BHOCL (Pa) e (95)
o PCls. L AL 4H2Q, 2  HIPO4 (Ps) . 4, BHCL L (Pe) i ceerevsineniiniennn §09)

z-,.,ZSC[zn:‘.‘”vZHZ_Q...._«T?.“‘»S.O,Z.»....(B'I)H.T. u-s,u.u.»».(R&).‘.T..,A’.HQJ“(P.Q)H‘nu-.uu..u“4(,05)

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

1. P, with NaOH(aq) _
S$i02 + 2NaOH  — .NazSiOs + H:0 - (09)

it N .
N s e T e RS ERAP BV A AF ER ANV RS RTR S GEET RIS CH i Gr v ik

I1. P, with Mg DNy
3Mg + 2NHs  — MgaN2 + 3H2 (04)

........ N R S Mee S A IR E Ry P PR e e R ST SRR R AR AR R R Rt A A A

1. P, with acidic K,Cr,0,

3(S02 + 2H0 25 802 + 4H'+ 2e)

FIRERERERE BERELEREDE N RS R SRS R FEPEFEREHES XD EIER RSP &V R EEE TR R RN EPEIEAXANCRENSEIRE AV U2 AR AR AL REF AR S RN B F KN4 S
Cr2072 + 14H*+6e —  2Cr* + 7H20
3802 + Cr:07%+2H* — 2Cr¥* + 3S04* + H20 (06)

If only half reactions are given — part marks (02 + 02) 2(a): 50 marks

(h) A student is provided with bottles labelied P, Q, R, 8, T and U, containing aqueous solutions
of AlL(SO,. H,80,, Na8,0,, BaCl,, Pb(Ac), and KOH (not in order). Some useful
observations for thelr identification on mixing two solutions at a thme gre given below,
{Ac - Acetate ion)

Solutions mixed .. Obseérvations
Lo TR a clear colourless.solution ..
11 P+ R a white precipitate
1 T4+8 a pelatinous white precipitate
w U+ R a white precipitate
v P+Q a white precipitate, turns black on heating
) Vi P+l & white precipitate; dissolves on heating
(i) ldentify ¥ to U. e
p: Pb(Ac). .. Q: Naz$0s R: H2S804 .
s: Al2(SO4)3 OR KOH g, KOH OR Al(SO4s . BaClz .
' e _ R ’ (05 X 6 = 30)
(ii) Give balanced chemical equations for each of the reactions I to VL o
L 2KOH. _ * HiSOs = K:SQu. _.%.2HQ OR (03)
Alo(SQa)a.. +. H2804 = . No reaction
I Po(AG)a.. *.  H28Q4 . PbSOal . *  2HAC (03)
L BKOH..... .+ . Al(SO4)s = 2AIOH)s L. *... 3K2S04 (03)
IV. BaCla .. % H2SQ4 . ... BaSOQsl .+ . 2HCI (03)
V. Formation of white ppt
Pb(Ac)z _...* Na2S203— PhS20s/| .+ 2NaAc (03)
Turning black on heating
PbS20s + H20 — PbS| + Hz2S04 (02)
VL. Pb(Ac)2...*. . 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 ABQ(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.
AB,(s) & A%**(aq) + 2B~(aq) : (05)

....... R D R T R R A R A R LR LA R AL AR

(i) Write the éxpressian for the equilibrium constant for the equilibrium written in () above at 25 °C,

Ky = [A%*(aq)][B~ (aq)]? (05)
Kc = [A%*(aq)][B"(ag))?
[AB2(s)]

Note: If only K is given award (03 marks)
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(i) Calculate the wvalue ‘of the equilibrium constant stated in (i) above at-25°C.

[4%*(aq)] = 2.0 x 10*mol dm™? (04+01)
[B~(aq)] = 2[A**(aq)] = 4.0 x 10°*mol dm (04+01)
Kgp = 2.0x 10mol dm3x (4.0 x 10°mol dm)? (05)
K, = 3.2 x 10®mol® dm”® (05)

(iv) Another smturated agueous solution of AB, way prepared by stiring an excess amount

of AB,(8) in 20dm® of distilled” water at 25°C. Giving rm?m(msF prﬁdmt the value of
thb ec;ulhbmxm ctmsmui f‘m“ ﬁ% :ay‘uwm .

Kg = 3.2 % 10® mol® dm® (05)
Kspis a constant at constant temperature (05)
and does not depends on the volume 05)

of A;B at 25°C, C‘mng reasms, pr{:dxct whwmr the czmcanmitxon of Az*(aq) is increased
or dﬁw&me{i .

Common -ion B*(aq) is added (05)

. More ABx(s) is formed to keep the K, constant or reverse reaction takes place 05)
[A2+ (aq)], decreases (05)

3(a): 60 marks
{h} In an aqueous solution, propanoic acid (C,HCOOH) fonizes as given below. ;
CLH OO ag) + H,OW0) == CHCO0 gy + H O ag)

At 25°C, K, (propavoic acid) e 1.0 % 1075
(i) Write the expression for the equwbmum oonsmnt for the above resction at 25 °Q

[C2H5C00~ (aq)][H50* (ag)]
Ko = [C2H5€C00H (aq)] ©05)

(i) 1000 cm of an agqueous solution of  CHCOOHGY was prepared by dissolving

0.74 cm® of C,H.COOMH in distilled water-at 25 °C. Caleulate the pH of the solution at 23 °C.
(C=12; O=16; H= I consider the density of CH,CO0H as 1.0 g em™®)

mass of C;HsCOOH(aq) = 0.74 cm3x 1.00 gecm>=0.74 g
moles of C;HsCOOH(aq) in 100 cm® = 0.74 g/ 74 g mol! =0.01 mol (05)
. [C:HsCOOH(aq)] = 0.10 mol dm"3 (05)

Consider the equilibrium:

C,HsCOOH(aq) + H,0(1) = CHsCOO(aq) + H;0* (aq)

Initial 0.10 0 0 mol dm’
Change -x x X mol dm*
At eqm 0.10-x x x mol dm? (05)
_ [Hsc00™ (a))[Hs0F (aq)] _  xx -5
K, = [c2HsCO0H (ag)] T o010-x 1.0 x10 (02)
2210107 (0.10-x~0.1) (03)
x? =1.0x107
x =10 x10"% moldm™3 = H;0*aq)] (05)
pH = -log [H30%(aq)] =1.0 x1073 (05)
PH =3.0 05)

_ [c2H5c00~ aq)][H30* (aq)]

Note : Students may take —log of both sides of K, [CoHSCO0H (ad)]

and calculate pH.
Award marks appropriately.

3(b): 40 marks
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4. (@) A, B, C and D are structural isomers having the molecular formula C;H,,. Nonc of them show
optical isomerism. All four isomers, A, B, C and D when treated with HgSO,/dil. H,SO, give
products which react with 2 d-dinitrophénylhydrazine (24-DNP) to give coloured precipitates.
Only A gives a precipitate with ammonical AgNO,. A has onty one position isomer, which is B.
B is a chain isomer of C. € reacts with HgSO,/dil. H,SO, to give two products E and F.
D reacts with HgSO,/dil. H,80, 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.

GHs CHs CH3CH,CH,C=CCH,
CH3;CHCH,C=CH CH3;CHC=CCH,

A B C

— 1}
CH3CH,C=CCH,CH;4 (;|-|3(;|-|2(;|-|28C|-|2C|-|3 CH3CH,CH,CH,CCHs

D E F (06 X6= 36)

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

CH,

' —
CH;CHCH,C=CH (05)

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

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

GHy Br
CH3CHCH2(.;_CH3
Br

G (05)

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

OH NaBH, . 1. C,HMgBr ?H
| W
CH3aCHzCH;CHCHCHa | Methanol 2. HYH,0 CH3CHZCH,GCH,CH;
CHzCHg
X ' Y

Name a test to distinguish between X and Y. (05 x2=10)

Lucas test or
anh. ZnCl>/ conc. HCl or
H+/K2CI'207 or

H*/KMnOs4
(04)

4(a): 60 marks
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Sequence 1:

CHCH=CCH, P CHGH—CHCH, CH,C=C Na
~H, (Reaction 1) Br CH, (Reaction 1I)
(l}:?CC H3
HBr/Peroxides CH4CHCHCH3
4
CH3
P K
Sequence 2: CHO H,
Zn(Hg) /cone HC '*
(Hg)/cone L Q HCN M
(Reaction 111) (Reaction 1V) - (Reaction V)
- oA 3
CH CHy
| J“\MJ CH3COCIAICI,
y HO-CCH,
CN
L Q M
Sequence 3: R
CH,CH,C=0 CH,CH,C=N—~{ )
CH, (Reuaction V1) °H,
CeHsNH,
R

Compounds/reagents (05 x 6 = 30)

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

Nucleophilic addition ~ .....JAYSNL K.

Nucleophilic substitution ... 0 s

Reactions (05 x 2 =10)

4(b): 40 marks
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PART B — ESSAY

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

below, A
XY,Z,(8) = XY,(g) + Z,(g8)

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,
7.5 g/150 g mol = 5.0 x 102 mol (05)
5(a) (i): 05 marks

(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 102 mol. Calculate the number of moles of XY, Z,(8)s
XY,(g) and Z,(g) in the equilibrium mixture at 480 K.

XY2Zx(g) = XYag) + Za(g)

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

At eqm 0.05-x X X mol dm 05)
Total number of moles = 0.05+x = 7.5 x 102 mol (05)
x =2.5x 102 mol (05)
XY2(g) = Z2(g)= 2.5 x 102 mol (05)
XY2Z2(g) = 5.0 x 102mol -2.5x 102mol= 2.5 x 102 mol (05)

5(a) (ii): 30 marks

(iii) Calculate the equilibrium éonstant K 9 for the above reaction at 430 K.

_ [xv@ lz(9)] 05
Ke = (XY, 2, ()] (05)
Concentration = 2.5 x 1072 mol dm™2 (05)
_ 25x10"%2moldm™3 % 2.5 x10"2 mol dm™3
Ke = 2.5 x10~2 mol dm=3 05)
K.= 2.5 x10"2mol dm™3 (05)

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

K, = K. (RT)™ 05)
An =1 (05)
Ky, = 25x10"?moldm™3 x4 x10% J mol™* (05)
K,= 1.0 x10° Pa (05)
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iv. Alternative:

Total number of moles at equilibrium = 7.5 x 102 mol

Proar = (7.5 x 102 mol x 4 x 10% I mol)/1.0 x 10% m?) =3.0 x 10° Pa)
Number of moles of XY2 Za(g) = XY2(g) = Z2(g) = 2.5 x 10%mol
Mole fractions of  XY2 Za(g) = XY2(g) = Zao(g) = 1/3

Pi=Xi Protal

Pxvy2 72(g) = Pxy2(e) = Pz2g) = 1.0 x 10° Pa

Ky = [Pxva@) = Pz2(9)] / Pxvaza(e) = 1.0 x 10° Pa

5(a): 75 marks

(b) For the reaction XY,Z,(8) > XY,(g) + Z,(g) described in (a), Gibbs free energies (G) at 480 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.
XYoZx(g) — XY2(g) + Zx(g)

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

Note: No marks if AGY,,, 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

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

AG = AH -TAS (05)
—46kj mol™ = AH — 480K x 150 x 1073 kJ K™Y mol™*

AH = —46 kJ mol™* + 72 k] mol™? (04 +01)

AH = 426 kJ 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 zm)::(—z)

AH = —26 k] mol™! (09 +01) |
5(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 (ii).

Aern = AHbonds formed — AHbom;ls broken (05)

AHpyn = AHz_7z — 2AHx 4 (05) i
26 k] mol™* = AH,_; — 2 x 250 kJ mol™!
AH;_; =526 kj 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 XY2Z> () — XY2Z>(g) needs an extra energy)
S(b) (vi): 25 marks

5(b): 75 marks

6. (a) Consider the reaction given below occurring in a closed container at a given temperature 7.
- 2N,O4(g) — “ANO,(g) + O,(g)

(i) Write three expressions for the rate of reaction relevant to each of the compounds appeatring

in the reaction.

A[N,05(g)] _ A[NOy(g)] _ A[02(g)]
2 At Y - At 05)

Rate = —
6(a) (i): 05 marks

(ii) This reéction was carried out at temperature Tyvith, an initial concentration of 0.10moldm™2 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,O(g) in this time interval.

Decomposed amount = 0.10 mol dm™> x40/100 = 4.0 x 102mol dm (05)

Remaining concentration after 400 s = 6.0 x 102 mol dm™ 05)
_ —(0.06 - 0.10) moldm™ _ -4 -3 -1

Average Rate = 200-0)s = 1.0 X 107* moldm™ s 05)
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1. Calculate average rates of formation of NO,(g) and O.(g).

A[N;05(9)] — AINO,(9)]

2 At 4At
—-A[I\Lozt(g)] = 2.0 x10™* mol dm™3s71 (02)
A[02(g)] __ A[N205(9)] _ -5 -3 =1

= o = 00 X107 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,O4(g)]/ mol dm™ 0.01 0.02 0.03

Initial rate / mol dm™ s~} 6.930 x 107 1.386 x 107* 2.079 x 107

Derive the 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 = k [N205(g)] 05)

(OR Ri/R2=1/2 ::: reaction is first order)
6(a) (iii): 15 marks

(iv) Another experiment was carried out at 300 K with an initial concentration of 0.64 mol dm™
of N,O4(g). It was found that the concentration of N,O(g) which remained after a period
of 500s was 2.0 x 107 mol dm™.

[. Calculate the half-life (t,/2 ) of the reaction at 300 K.

Order of concentration change = 0.64/2.0 x 10? =32 =(2)° (05)
.. Fraction of initial N20s(g) = (1/2)° (05)
That is, 5 half-lives passed to reach this concentration 05)
S t12=500s/S =100s (05)

II. Calculate the rate constant of the reaction at 300K,

from iii,
Rate = k [N20s5(2)] = 6.93 x107° mol dm™ s'=k 0.01 mol dm’ (05)
k=6.93 x107° s/ (04+01)
OR
Reaction is first order
For first order reaction: #;2 = 0.693 /k (05)
2 k=0.693/100s = 6.93 x107 5! (05)

6(a) (iv): 30 marks

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




Department of Examinations - Sri Lanka Confidential

(v) This reaction proceeds through a mechanism involving the following clementary steps.
Stepl @ N,Ofg) = NO,(g) + NO.(g) : Fast
Step2 @ NO4(g) + NO,(g) — 2NO,(@g) + O(g) : Slow
Step3 @ N,Ofg) + O — 2NOg) + Oy : Fast

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

Step 1: N20s5(g) = NOs3(g) + NOx(g); fast
Step2: NOs3(g) + NO2(g) — 2NOx(g) + O(g); slow
Step 3: N20Os(g) + O(g) — 2NOx(g) + Og); fast

From step 2 (Slow-step); ‘

Rate= k/NOs(g)] [NO2(g)] (05)
For step 1 (equilibrium)
K o= { [NOs(®)] [NO:(@)]} /[ N205()] 05)
We get, K oq [ N205(8)]= {[NO3(2)] [NO2)]}
.» Rate=k K o4 [ N20s(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

() An ideal binary-liquid mixture was prepared by mixing two liquids of A and B in a closed
evacuated container at temperature 7. After establishing the equilibrium at temperature T, partial
pressures of A and B in the vapour phasc are P, and Fy, respectively. At temperature 7, the
saturated vapour pressures of A and B are 13: and 1{; , respectively. Mole fractions of A and B
in solution are X, and X, respectively.

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

Ay = Aggy e (D) (05)

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

Considering (1), we can write;

m=k[Ap] = kiXa (05)
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~ X, is the mole fraction of A in solution

Likewise,
Tv’ = k’[A(g)] = kz PA

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

1

Ty = Ty

kyPy = kiXy

fPy = EXgor s Py = kX
2
when X, = 1, P, = PJ = saturated vapor pressure of A
k =P}

Py=Pi X,

(05)

(03)

(05)

(05)
(05)

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 300K, are 7.0 x 10* Pa and 3.0 x 10* Pa, respectively.

I. 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.

¢)) Piotas = Pa+Ps
= XaP%+ XpP% = XaP%+ (1-Xs)Ps

w X, = Ptotal_Pg

A4 T Tpo_po
A B

5 x10%— 3 x10%

7 X10%— 3 x10%

N =

() -~ P,=PYX,= -;- x 7 x 10* Pa = 3.5 x 10*Pa

(05)

(05)

(05)

(05)

(05)

6(b) (ii): 25 marks

6(b): 60 marks
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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, spontaneous, non-spontaneous.
Electrolytic cell Galvanic cell

A Oxidation half reaction takes Anode Anode

" | place at
B Reduction half reaction takes Cathode cathode

" | place at
C. | Sign of E%n ~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

(it) An electrochemical cell was consiructed at 300 K by using a Zn(s) anade, 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 ZnOgs) is produeed.

You are given that
iU —
Lot | 7me) | ot ™

~131 V and Eg o orraqy = 4034V

N\

Zn = 65 gmol™t, O = 16 gmol™ and
1 £ =96500C 7
I. Wit the half-reactions occurring at anode and cathode. |“" | gectrotyte
' Ancde—» | Porous
| Cathode
anode : Zn(s) + 2 OH'(aq) & ZnO(s) + H2O(l) +2e
(05)
Cathode ; O2(g) +2 H20(l) +4e — 4 OH'(aq)
(05)
II. Write the overall cell reaction.
2 Zn(s) + O2(g) > 2Zn0O(s) (05)
III. Calculate the cell potential E;c" at 300 K.
EOcell = EOR - EOL = Eocathode - annode (05)
= 0.34V-(-131V) = 1.65V (04+01)
IV. State the direction of migration of OH"(aq) 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 800 s at 300K, 2 mol of O,(g)are consumed.
A. Calculate the number of moles of electrons passing through the cell.

4 mol ens

2 mol Ox(g) x>

= 8 moles of electrons (05)

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

8 mol ens X96500 C 1 mole 2 mol Zno(s) v 81 g

Mass of ZnO(s) =
1mol e X800 s 96500 C 4molen 1mol ZnO
(05)
=324g¢g (04+01)
OR
Mass of ZnO =4 mol x 81 g mol (05)
=324¢ (04+01)

C. Calculate the current passing through the cell.
I=qit (05)

8 mol ens x96500 C
= =9654

1 mol e X800s

(05)
7(a) (i): 55 marks

7(a): 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 undarg()es the following reactions.
a. NH, excess aq. NH, ]

50, b
> >

(blue coloured prétipitate) - {deeply coloured solution)

B,j cone. HCL

(yellow coloured solution)

'; )

¢

: (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.
M = Cu (10)

Oxidation state: +2 OR Cu?* (03)

7(b) (i): 13 marks
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(ii) Give the value of n in M(NO,), .
n=2 (03)
7(b) (ii): 03 marks

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

1522522pf3s23pe3d° (03)
7(b) (iii): 03 marks

(iv) Write the chemical formulae of P, Q, R, 8, T and U.

P: [Cu(H20)s]** (04)
Q:  Cu(OH), (04)
R:  [Cu(NHa)J?* | (04)
S: [CuClyJ* (04)
T:  CugFe(CN)g

u: K4[Fe(CN)s]

7(b) (iv): 16 marks

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

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

U potassium hexacyanoferrate(Il)

7(b) (v): 12 marks
(vi) What is the colour of P?
pale blue (04)

7(b) (vi): 04 marks

(vii) What would you expect to observe in [ and Il given below?

[. When H,S gas is passed into an acidic solution containing P at room wmmramre

black precipitate (086)

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

of dissolved st

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

turbid pale blue solution (06)

7(b) (vii): 12 marks
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(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, Na,8,0, and starch. : '

Add excess Kl (01)

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

Titrate the liberated I, (01)

with Na.S,03; whose concentration is known (M mol dm) (01)
with starch as the indicator (01)

U + 2fF 1011 LA A P ———— (1) (01)
I, + 25,05 — S408% + 2I°  eeeeeeeeeeeeee (2) (01)
2CU%  + 29,057 — S406% + 20U"  —memmmemmmeemee- ©) (02)
OR

2CuZ + 4f — 2Cul| + Il e (1a) (01)
L + 25,06 — Si06% + 2 eeceeeeeeees (2a) (01)
2Cu?* + 28032 — 2Cul| + S406% -—-m---mmm-mmmmmm- (3a) (02)

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

From both (3) or (3a) Cu?* = S204* (01)
Let the burette reading of S20s2 be V, cm? (01)
Therefore, moles of S,0:* =V, x M (01)
1000
Therefore, moles of Cu?* =V, x M (01)
1000
Therefore, [Cu?'] = V. x M x _E)_(E) (01)
1000 Vi
= MV: moldm™?
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,OH
as the only organic starting compound.
Complete the reaction sﬁh{fﬁmlﬁ% drawing the structures of compounds A, B, C, D, E and F
and writing the appropriate reagents for steps 17, selected only from those given in the list.

CHCH,CH0H —2Lo 5 SEP2, 5 D3, o
Step 4 | .
b
C Tiianl w ;
2 H , CN
g oepS CH,CH,CH-CH-CH, Step6  p SRT CH,CH,CH-CHCH,
: CH, CH,
‘i;is% of Reagents ¢
HBr, PBr,, pyriciirziamchlczmahromam Pcey,
Mg/ dry ether, KCN, cone, H,80,, dil. HSO,
Compounds, A - F
CHj CHs
A = CH3;CH=CH, B = CH;CHBr C = CH;CHMgBr
QMgBr I?r
D= CH3;CH,CHO E= CH3CH2CH(§HCH3 F= CH3CHZCH9HCH3
CHs; CHs
Reagents:
Step 1 = conc.H,SO, Step 5 = dil.H,SO,4
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 seriesb of reactions.

Draw the structures of compounds G, H and K. Give the reagents X,_Y and Z.
1. LiAHH,

' HO - ocl 2. H*/H,0
—_— G — —_— H —3> K

H,OH
Note that K gives benzyl alcohol ( ©/C : ) when reacted with NaNO,/ dil. HCI.
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Compounds G, H and K

CO,H CONH, CH,NH,
el s Sl s S

Reagents
X = H*/KyCry0;/ or H* / KMnO, Y = PCl5 or PCl; Z= NH;
or H'/CrO3

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
N
Br r

.
NH NH, N, Cl
Br Br
Br, o Br NaNo,/HCI Bf Br 3P0,
e D ——————E— —_—
0-5°C
Br Br Br
N J
~ N ' > J

® ®

8(b) ‘(i) 20 marks

(ii) Consider the following reaction. A
CH,CHCH,

C]+P —-Q——>

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

P+ Q = (CHyCHCl + AC, (5

P +Q = (05)
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® - &

+
(CH3),CHCI  + AICl, CH(CHg);  + AICI,

@ g)\ H @_AICM

<N+ CH(CHj3)2
© CH(CH3), — = @CH(CH3)2 . ©/

®

Intermediates 03x3 =09
Arrows 02x3=06

Alternative answer:
IF the student has written the electrophile as R—CI molecule polarized by coordinating

to AICI3, only the marks allocated for the last two steps may be awarded as given
below.

@ (for both arrows)

A

f/\ ng @ “ac,

| Mo CH(CHs),
@ (CH3),CH-CIAICl; —_ @CH(CHs . ©/

®

02+02+02+03 = 09

The electrophile may be written as:

+ — + - 8+ 8“
(CH3),CH—CIAICI; or  (CHs),CH—CI—AICl; or (CHs),CH—CI--AICl,

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 @ @ @

Consider these only for marking
Resonance structures and Double headed arrows 01 x 8 = 08
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OR
@ Alternative to the resonance hybrid of benzene @
*oH  “OH Yon Sy .
. | ny one structure
& O e ©
Alternative to the resonance

§— 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 s
Over the benzene ring of phenol l
04x3=12
8(c)(i): 20 marks

(i) Ilustrate the difference in réactiVity between phenol and benzene as givén in (i) above by means
of a suitable 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 1

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

OH OH

Br2 Br Br @

Br

OH @ OH
. NO,
dil. HNO4 +
L
: NO,

8(c) (iii): 06 marks

OR

OH

8(c): 34 marks

9. (@) (1) Write the chemical formulae of the substances A ~ @ 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 {ﬁﬁﬁh lines) are used to represent solids, prwxpxtams, sa!umm
and gases.

dil. agﬁ;(}g :

motal : mk‘mﬁr&f&s,
R odonrless
dil. NaOH
v P p l strong monobasic acid !
bluck pale yellow! :
/ t milky white i
dirty green L 4
i T 1 g
; E is a compound that contains two 1 : {
,uiumwm belonging to the fmtiwa' R : | S ; ‘ i
: pmmi@ of mu Periodic Table, 3 colourless otourless, NH,OH
“““““““““““““““““““““ mommmnd ok o berd odour : '
¥ dzi
v 1. dil, HNO - NH {)fi it - AGINCY
@ - s : :
. L  yellow-brown : i
dark blue e pelclish-brown wiie
, e L, NaOH '
. , | slightly acidic turns filter paper
¥ ’ 1 R - molstened with
’ Y ~ Nessler's reagent brown
.‘
reddish-brown - deep red
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A: Fe B: FeSO,4 C: H D: Fe(OH)
or
[Fe(H20)6]SO4
or
[Fe(H20)e]**
E:H.0. F: Fe(OH)s G: Fey03 H.K4[F€(CN)6]
I: FesFe(CN)e]s J: FeCls K: H,S L: FeS
or
KFe[Fe(CN)s]
M: SorSs N: Fe(SCN)s O: NH4sSCN P: NHs
or
[Fe(SCN)(H20)s]?*
or
[Fe(SCN)1*
Q: AgCl

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

(i) Write the cc}mpieta electronic configuration of A.
15%22522p®3523p®30f4 52 (02)

(iii) State the function of E in the conversion of D to F. Give the relevant balanced chemical
equations for the stated function. .

E: H.O. function — oxidizing agent (02)

2(Fe(OH)2 +HO0— Fe(OH); + H* + e)
H.O, + 2H* + 2e — 2H0

2Fe(OH)2 +H202 — 2Fe(OH)s (03)

OR

2(Fe** — Fe* + e)
H.O, + 2H* + 2 — 2H,0

2Fe** + H,O, + 2H* — 2Fe* + 2H.0 (03)

(Half 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 following procedure was used to determine the
percentage of Cu,S in X.
Procedure
A 1.00g portion of solid X was treated with 100.00 cm® of 0.16 mol dm KMnQ, in dilute
H,SO, medium. This reaction gave Mn?*, Cu?* and SO2- 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.

Reaction of Cu.S with MnO4

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

(1) +(2)

2Cu*  + S + 4H,0 — 2Cu** + SO& + 8H' + 10e -—— @)
2(MnOs + 8H* + 5e  — Mn%* + 4H,0) e 4)  (03)
(3) +(4)

2Cu* + 8% + 2MnOs + 8H* — 2Cu* + SO + 2Mn* + 4HO (05)

OR
CuS + 2MnOs + 8H" — 2Cu? + SO + 2Mn?* + 4H0

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

Reaction of CuS with MnOy4

5(S* + 4H,0 — SOZ + 8H* + 88 e (5)
8(MnOs + B8H* + 5e — Mn? + 4H0) e (6)

(5)+ (6)

5S> + 8MnOs + 24H* — 5SOZ + 8Mn? + 12H,0 (05)
OR

5CuS + 8MnOs + 24H* — 5CuSOs + 8Mn?* + 12H;0

Reaction of Fe2* with MnO,

5(Fe** — Fe* + e e ) (03)
MnOs + 8H* + 5e — Mn* + 4HO0O = 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 MnOy

5(Cut* — Cu®* + e) (1a) (03)
MnO4 + 8H* + 5e — Mn* + 4H,0 (2a) (03)
(1a) + (2a)

5Cu* + MnOs + 8H* — 5Cu®* + Mn% + 4H,0 (05)
Reaction of S with MnO4

5S>  + 4H,0 — SOZ + 8H* + 8e)  eeem (5) (03)
8(MnOs + 8H* + Be  — Mn2* + 4H,0)  -—eme- (6)

(5)+ (6)

582 + 8MnQ4s + 24H* — 5S0.& + 8Mn%* + 12H.0 (05)
Reaction of Fe?* with MnOy4

5(Fe?* — Fe* + e e @) (03)
MnOs + 8H* + 5e — Mn?* + 4H,0 =eeeoeeee @)

(7) +(8)

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

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

half reactions as well.

b (b)(i): 27 marks

(ii) Based on the answers to (i) above, determine the molar ratio between,

I. Cu,S and KMnO,
II. CuS and KMnO4
. Fe** and KMnO,

Molar ratios

Cu,S =1 CuS =5 Fe** = 5 (05 x 3)
MnO4' 2 MnQOg, 8 MnO4' 1

OR

Cu,S: MnO4s = 1: 2 CuS: MnOs = 5: 8 Fe?*: MnOs = 5: 1

9 (b)(ii): 15 marks
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(iii) Calculate the percentage By weight of Cu,S in X. (Cu = 63.5, S = 32)

Let the number of moles of Cu.S and CusS be ns and nz respectively
in the 1.0 g of sample X

Molar mass of Cu,S = (2 x 63.5) + 32 = 159 (02)
Molar mass of CuS =63.5+32=95.5 (02)
159n4 + 955n, =1.0 e 9) (02)
Moles of Fe?* reacted = ;)0—1050 x 35.0 (02)
- 0.15
Moles of MnO4 = To05 % 35.0 >< = (02)
Moles of MnO4 reacted with CuzS and CuS
0.16 0.15
—mxlﬂoo—mx%Ox— (02)
=0.016 - 0.001 (02)
=0.015 mol (02)
Based on molar ratios
2n + e = 0015 e (10) (02)
(9) +(10)
8 (1-159n1)  _
2n1 + E T = 0.015 (02)
2x5x95.5n: +8(1-159n) = 0.015x95.5x5 (02)

955n, + 8—-1272ny =7.1625

317n1=0.84
N =0.0027 (02)
Weight of Cu,S  =0.0027 x 159 g (02)
=043g¢g (02)
% CuzS =22 x 100 (02)
= 43% (03)
9 (b)(iii) : 33 marks
OR
24 _ 0.5
Moles of Fe = To00 % 35.0 (02)
Moles of MnO4 remaining = —1001750 X 35.0 >< = (02)

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

Moles of MnOy4 reacted with Cu.S and CuS

0.16 0.15
= 2= % 100.0 ——mx350x— (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 q respectively.

p+q =10g = e (9a) (02)
Molar mass of Cu,S = (2 x 63.5) + 32 = 159 (02)
Molar mass of CuS =63.5+32=95.5 (02)
L R X X1 T ——— (10a) (02)

159 95.5 %5

From (9a) & (10a)

2p 8(1-p) _
o1 Ssexs C 0.015 (02)
2p x 5 x 955 + 8 x159(1-p) = 0.015 x 5 x159x 95.5 (02)
955p — 1272p = 1138.84 — 1272 (02)
317p = 133.16
_ 13316 _
= =0.42 (02)
% CuzS = %‘% % 100.0 : (02)
= 42% (03)

9 (b)(iii) : 33 marks
OR
Let the number of moles of Cu.S and CuS be ns and n; respectively in the 1.0 g of X
5Cu* + MnOs + 8H* — 5Cu?* + Mn?* + 4H;0

5S> + 8MnOs + 24H" — 5804 + 8Mn* + 12H;0

5Fe?*+ MnOs + 8H* — Mn* + B5Fe* + 4H,0

Moles of MnO, added = ==X 100.0 = 0.016 (02)
Moles of Fe?* reacted = 22 X350 = 0.005 (02)
Moles of MnO4 remaining = 107')}(% x 35.0 X § = 0.001 (02)
Moles of MnOy4 reacted = 0.016 - 0.001 = 0.015 (02)
Molar mass of Cu,S = (2 x 63.5) + 32 =159 (02)
Molar mass of CuS =63.5+32=95.5 (02)
159ns + 955n, =1 e (1) (02)

Moles of Cu* = 2ny
Therefore, moles of MnOy4 reacted = 2n4 ‘
5
Moles of S* = ny + ny (02)

Therefore, moles of MnO4 reacted with S> = 8(ni +_no)
5
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Therefore, total moles of MnO4 reacted = 10n; + 8ny (02)
5
(10ns_+ 8ny) mol =0.015 mol (02)
5
10n; + 8nz =0.075 Mol  ———--eeemeeeemm (2) (02)

(1) x8- (2) x95.5

1272 n1— 955 n; =8—7.14 (02)
317n; =0.86 Therefore, ny = 228
317

Therefore, moles of Cu.Sin1g = %‘—1876 (02)

Mass of Cu.S =0.86 X 159¢g (02)

% of Cu.S = % x 159 x 100% (02)

= 43% (03)

9 (b)(iii): 33 marks

9(b): 75 marks

16. (@) The following questions are based on the properties of titanium dioxide (TiO,) and its manufacture
carried out by the Chloride Process™.
(1) Name the raw materials used in this process.

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

10 (a) (i): 08 marks

(ii) Briefly deseribe the manufaiffuri:’g;fg process of TiO, giving balanced chemical equations where

applicable.

Chilorination

Removal of water at 200 °C / 300 °C (02)
Heating of rutile and coke mixture at 900 °C / 950 °C (02)
TiOz(s) + C(s) —» Ti(s) +COz2(g) --—-—-- (A) (03)
Stream of chlorine is passed over mixture of rutile and coke (02)
Ti(s) + 2Cla(g) — TiCls(g) - (B) (03)
OR

Reactions (A) and (B) can be combined.
TiOa(s) + C(s) + 2Cl—> TiCls(g) + CO2(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 TiCls is separated. (02)

Oxidation
TiCls is reacted with oxygen and TiO, is regenerated.

TiCla(g) + O2(g) — TiOx(s) + 2Clx(g) (03)

Clz is re-used in chlorination. (02)
10 (a) (i1): 19 marks
(iii) State three properties of TiO, and give one use each, relévant to each property.
+ White colour — as a pigment in paint, plastic goods and paper, paper
¢ High refractive index — as a pigment
e Chemically inert — as a pigment in medicine and toothpaste

e 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 a TiO, manufacturing plant in Sri Lanka, state three
requirements that need to be fulfilled.

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

(v) Does the manufacturing process described in (ii) 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

|
[
i
1

10(a): 50 marks
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{(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.

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
(i) Identify the major environmental problem that occurs due to global warming,
Climate change (03)
10 (b) (ii): 03 marks
(iii) State two main natural gases that contribute to global warming.
CO,, CH4, and N2O any two (03 + 03)
10 (b) (iii): 06 marks

(iv) Explain briefly how 'mif;mofganisms contribute to the release of the 'gases'yoa'stated in (i)

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

CHa- Action of anaerobic bacteria on organic substances/ materials

N20- 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 (i), name two classes of synthetic volatile compounds
that directly contribute to the global warming, and selecting one compound from each class,
draw their structures. ' '

CFC, HFC, HCFC

F 3 FF
F—C—Cl FW(I:MH F—-—-(!:-wf:-“—H
Cl Cl 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
catalytic 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 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,

Reduction of Global warming (01): Due to the reduction of emission of

CO2(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 SO2(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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(¢) 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 fo  f the above polymers.

clzl
PVC —GHZCMCH-}
CH CH \‘
PE e 2

0O

Nylon 6,6 NH——(CHa)g ===NH=—C~——(CH,),—C

I

PET € —CHy—CH, —O0

O=—0

CH, H
Gutta percha \ — C/
N

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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(i) Categorize each of the above seven (7) polymers as either,

1. natural or synthetic polymers.
I1. addition or condensation polymers,

| - natural/synthetic
PVC synthetic
PE synthetic
PS synthetic
Bakelite synthetic
Nylon 6,6 synthetic
PET synthetic
Gutta percha natural
Forl- Any 6
For Il — Any 6

» -

Il - addition/condensation

addition

addition

addition

condensation

condensation

condensation

addition

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

phenol and formaldehyde

OR @\ and HCHO
OH

(02 x 6 =12)
(02 x 6 =12)
10 (c) (ii): 24 marks

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

(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.

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
PE
PS

Bakelite

Nylon 6,6
PET

Gutta percha

pipes to supply water, seat cover, electric wire covers
food wrapping, garbage bags

stylofoam cups, rigiform, insulating materials, packing
materials .

heat resistant parts for electric utensils, insulating
materials

clothes, fishing nets & lines, tyre threads
bottles

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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