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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. '

Wri'_ce down marks of each subsection in a A and write the final marks of each question asa
rational number in a D with the question number. Use the column assigned for Examiners

to write down marks.

Example: Question No. 03
{1] O R BRI
(Il])  coverermcemmnr st

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

10

(o) A+ @2+ @ 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 responsibiiity of using correctiy prepared and
certified templates. ' :
i

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. insuch 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. ' ‘

Use the right margin of the overland paper to write down the marks,

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,

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

caiculated 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 cofumn 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.

¥ ok
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Tnstructions:

Periodic Table is provided.

This paper consists of 09 pages.

Answer all the questions.

Use of caleulators is not allowed. ' o

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 aliernatives from (1), (2}, (3), (&), (5) which Is correct
or most appropriate and mark your response on the answer sheet with a cross (x) in accordarnce
with the instructions given on the back of the answer sheet, ' ' ‘

Universal gas constant R = 8314 K~ mol™ Planck’s constant & = 6.626 x 10715
Avogadro constat N, = 6022 x 102 moi! Veloeity of light ¢ = 3 % 108 ms!

%o d %R ¥k

-

{. Consider the following discoveries made with regard to the atomic structare.
s |- Positive- rays~insidea-cathode ‘ray’ QUbE i e ot e SO
11. Radioactivity by certain types of nuclel '

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

() 1.J. Thomson and Henry Becquerel ‘ :
 (2) Eugen Goldstein and Robert Millikan

(3) Henry Becquerel and Eugen Goldstein

{4) }.J.Thomson and Emest Rutherford * =

(5) Eugen Goldstein and Henry Becquerel

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

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

4. The number of unstable Lewis dot-dash structures that can be drawn for the peroxynitric acid
molecule (formula HNO, H_..Q__Q._g_hé?) is, | |
w1 @ 2 ® 3 @ws - ®S

5. The IUPAC tiame of the given compound is, |
(1) {-bromo-4-methyl-5-hydroxypent-1-en-3-one o
(2) 5.bromo-1-hydroxy-2-methylpent-4-en-3-one _ _-__il:_ P
(3} 1-bromo-5-hydroxy-4-methylpent-1-en-3-one . HO—CH, ~CH=CH~-Br
4 5—br_0mo—2—methyl¥:»oxopeﬁt~4—en~1—0!
(3) 1-bromo-4-methyl-3-oxopent-1-enol

{Sse nooe twn
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6. The decreasing order of radii of the species O, O*, F, F, §* oI is,
(S>> 0> F » 0> F _ _
@8> > 0">F > F 30 | o *
(B >8> 0> Fs 0xF - ' .
@GHAa>8>F >0 0> F
()8 > > 0> 0 > FsF

7. A rigid-closed container contains n, moles of an ideal gas at temperature T (K} and pressure £ ((Pa).
~ When an additional amount of ihe 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,
nT P nT P - TP nI P nIP
Tra @ L g 21 L2 ¢ Lt

l I 1 2
T o " R o

(h

8. The total number of electrons exchanged in the reaction of the ax:danon of ethanol (C,H,OH)
to ‘acetic acid (CH ,COOH) using acidic K,Cr,0, solution is,
(1) 6 2 8 _ 3 10 4 12 G 14

9. Which compound of tile following, can undergo atdol condensation, when reacted with aqueous
NaQH?

o CHE-OH @ CHJE--OCH-J O H ’-ocr»{:, @ cnscﬂzg—ﬂ ) (CH3)3C(‘?—H

10. AX(s), AY(s) and AZ{s) are sparingly soluble salts in wazerhaving!( valuesof 1.6 % 107,32 x 107 and
90 x 1012 »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), at25°C?

(1) AX() > AY() > AZs)

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

(3 AX(s) > AZ(s) > AY(s) "

4 AY(E) > AZ(s) > AX(s)

(5) AZ(S) > AY(S) » AX(s) ot

. Consider the following compounds.

CH, oH,
CH,CH,CH.CH,CH,CH,  CH,CCH,CH, CH,CH,CH,CH,CHO CH%C:IO CH,CH,CH,CH,CH,0H
: 3 3
A B C b ‘ E.
Relative .
molecufar 86 . 86 86 86 88
mass

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

4 A ¥ FY
B.P : BP BP ; BP il BP
/T / 7/ /
7 N N AT AL
N 7 o ~/ \/
e -_J o - 2
ABCDE™ " ECDE ABCDE © ABCDE > ABCDE
) ‘ @ N ) @ &)

. [See page three
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The increasing order of covalent character of the chemical species NaCl, Na,8, KF and KCl is,

(1) KF < NaCl < KCl < NaS
) KCI < NaCl < .KF < NaS
@) KE < KO < NaCl < -Na$
@ NaS < NeCl < KO < KF
(5) KF < Na§ < NaCt < KCi

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-L, 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 @ -39 (3 202 @4 +84 (5) +202

Phosphorous can be prepared in an electric fumnace as given by the following batanced chemical
equation. , : _

2Ca, (PO, + 6Si0,+ 10C — 6CaSi0, + 10CO+F,
When 620 g of Ca,(PO,),, 180 g of 8i0, 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 yvield of P,

respectively are, (C=12,0= 16,51 =128, P=31,Ca=40)

(1) Ca(PO,),and 80.7% (2) Si0,and 80.7% (3) Cand 504%

{4) §i0,and 40.3% (5) Cand 252%
Consider the following t_wd cquiﬁbn’a occurring in two separate rigid-closed containers under the
same conditions.. - ‘ :

N,(g) +3H)(® == 2NH(g) : Kp, =3.0x 107

NH,(g) + H,8(g) = NHHS(g); Kp, =80x w4 o _
Under these conditions Kp for the equilibrium 2H,5(g) + N,(g) + 3H,(g) = 2NHHS(g) is,
(H 576% 10712 (2) T2x 10710 (3) 192x10%  (4) 340x s (5) 375x 107

Consider the nitration reaction of bromobenzene. Resonance stabilized carbocation intermediates

are formed during this reaction, Which of the following is not a resomance structure of these
intermediates? o

Br Br .~ HBr T - Br
(1 A~ @ 3+ NNO, B H (5) &
NOZ " ; + ?‘10‘2

H NO, H NO,

A reaction which is non-spomaneohs at room temperature and 1 atm pressure becomes spontaneotts at
high temperature at the same pressure. Which of the fotlowing is comrect for this reaction at room
temperature? (Assume that AHand 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 Nagative

(5} Negative ' Negative Negative
18,

The de Broglie wavelength of a neutron travelling with a velocity v-is 1. If the kinetic energy
EE-= 1 nv?y of this neutron is increased four times, the new de Broglie wavelength would be,

n % : @) %. ® 2 @ 4 $) 161
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19. Which of the following comectly shows the eiectro!ytic cell constructed for the electralysis of
 an aqueous solution of the salt MX?

o [ P A S
~ gathode

anode + "" ~ cathode anode + anode ~ "I + cathode

l

!
“) )
anode —; + cathode ' ] anode cathode
L] T

20. Which of the following statements is correct regarding the reaction between a carboxylic acid and
an alcohol to give an estei?.
(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 ig a reaction which occurs with the'cleévage of the O—H bond of the carborylic acid.
(4 1t is a reaction which occurs with the cleavage of the C—O bond of the alcohol,
(5} 1t is an acid-base reaction. :

s g

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

Which of the following is imcorrect for the above reaction? (H=1,C=12,0=16)
(1) The heat absorbed when 1mo! 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 I mol of CO(g) is formed.
(4) 128 kI of heat is sbsorbed during the decomposition of a mole of reactant.
(5} 128 kJ of heat is absorbed when 32 g of products are formed. '

22. Identify the incorrect statement from the following,
(1) Electron gain energy of nitrogen [N(g)] is positive.
{2} Phiution of BiCi3(aq) solution with water gives a white precipitate.
(3) H,S gas can act both as an oxidizing agent and a reducing agent. ‘
(4) The effective nuclear charge (Z*) felt by a valence electron in He is less than 2.
(5) Aluminium is inert towards N, gas even when heated to a high temperature.

23. The concentration of a dilute aqueous solufion of a weak acid HA is Cmoldm™ and its acid

dissociation constant is Kz at 298 K. Which of the following expressions gives the pH of the
solution at 298 K7

1 | '
(1) pH=5pKa- 5logC

] i
(2) PH==pKa- JlogC
{3} PH*“%PKa"'%IogC

@) pH =~ 3 pRq- Flog (1/C)

(5) pH= 2 pK,~ +1og (1/C)

02 - Chemistry (Marking Scheme) New Syllabus | G.C'.E. [A/L) Examination 2020 | Amendments to be included. .
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25.

26.

27,

28,

24.

) fzx10% @) 2x10® @ 1x107% @ 32 x5 1x1077

- were allowed to-separate. Thereafter; the - dichloromethane-layer in- the bottom of the. flask was

w + % %
2) X X x
X X X

G 3 5 3
o + + 4
2x 2x

The strength of a H,0, solution can be expressed as the volume of O, produced at standard
temperature and pressure (STP). For example, a litte of 20 volume strength H,O, solution will
produce 20 litres of O, gas at STP. (2H,O,aq) — 2H20(!)+02(g)). {Assume that 1 mole of gas
has 224 litres volume at STP) 7 .. _ .

A bottle labelled X contains H,0, solution. When 25.0 cm® of solution X was ftitrated with
1.0 mot dmi”® KMnO, in the presence of dilute H,80, the volume required to reach the end point
was 25.0 cm®. The volume strength of solution Xis, o

n 15 (2) 20 3 25 4 28 - (8) 30

M(OH),(s) is a sparingly water soluble sait formed by the reaction between M?*"(aq) and
OH(aq) ions at 298 K. The solubility (mol dm®) of M(OH),(s) in water at pH = 5 is,

Kopom, = 49 107% at 298 K).

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 dre®) || H (aq, 1.00 mot dm™) | Hy(g) Pi(s)

(2) Pi(s)| H(g) | H*(aq, 1.00 mol dm™™) | Mg (aq, 1.00 mol dm ) { Mg(s)

(3) Mg(s), Mg™ (aq, 1.00 mol dm™) {| H*(aq, 1.00 mol dm) | @] Pis)

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

(5) Pis), H,(g) | H*(ag, 1.00 mol dm™) | Mg2* (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 020 mol dm™ agueous
solution of acid were mixed vigorously with 10.00 em® of dichioromethane and the two layers

drained out, 1000 cr® 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 dichioromethane and water at 298 X is,
(1 005 (2) 025 3y 4900 . {4) 2000 (5) 24500 -
A reaction C,H, () + 30,8 — 2C0,(g)™% 2H,0(g) occurs in 2 rigid-closed container at a
given temperature. After a certain time, it was found that the rate of the reaction with respect
consumption of C,H,(g) was x mol dm3 s, Which of the following shows the rates of consumption
of 0,(g), formation of CO,(g) and formation of H,0(g) respectively, during that time?
rate/ mol dm™ g
0,8 CO g H,O()

{5) 3x

Consider the following reaction occurring in 3 rigid-closed container at temperature 7.

M(g) + Q(g) — R(g) + Z(® _
The rate of reaction doubled when the concentration of M was doubled. The rate of reaction is
500 x 10-4mol dm= s~ when the concentrations of M and Q are 10 10 mol dm® and 2.0 mol dm™
respectively. The rate constant of the reaction under these conditions s, '

(1) 25x 104" (2) 12557 3) 255 (4 505t ) 50057

02 - Chemistry {Marking Scheme) New Syllabus | G.C.E. (A/t) Examination 2020 | Amendments to be inctudedr
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30.

3.

32,

33.

MW’WWW :

Consider the following reaction scheme.

OH |
Cl/AICL L LAIH,

7 H*u-io ' ,

LY
o

P and Q respectively could be,

0H HO oo HOH . €Ol LCl
(H 2 and E @ f& and & & é and 5{1
| é‘a ! | cl Cl . .

4) EOCI HC - 6) éozﬂ éﬂzﬂﬂ
and [5 o and
b} 1 -

For each of the questions 31 to 40, one or more responses out of the four responses (&), {6),
{c) and (d) given isfare correct. Select the correct response/responses. In acoordance with the
instructions given on your answer sheet, mark

(1} if only {¢) and (b} are comect.

(2) if only (k) and (¢) are correct.

(3) if only (¢) and {d) are correct.

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

(3) if any other number or combination of responses is correct.

Summary of above Iostructions

H (2) (3) @ 5
Only (a) and (b) | Onty (b) and {c) | Only (c) and (d) | Only (@) and (a)|  AUY other number or
' . combination of responses
are correct are correct are correct. | arecorrect | - .is correct

Which of the following statement/s isfare correct with regard to 3d-block elements and &rear
compounds? :
(@) Among the 3d-block elements, Sc is not considered as a transition element.
(&) The radii of atoms (Sc to Cu) decrease from left to right.
{c) INi(NH,)(P** is blue in colour whereas [Zn(NH,),* is colourless.
{d) The IRJPAC name of K NiCl, is dipotassium tetrachloronickelate(Il).
Which statement/s is/are correct regarding the following molecule?
H

J
H—C~0g GpCGra,

H RS
(a) Atoms labelled P, Q, R and S lic on a straight line.
by Atoms tabelled Q, R, S and T lie on a straight line.
{c) Atoms labelled R, S, T, Uland V lie on the same plane.
() Atoms labelled R, $, T and U lie on a straight line.
0.1 moles of N,(g), 0.10 moles of H,(g) and 0.40 moles of NH,(g) were inserted into a 1.0 dm’
rigid-closed container and allowed to reach equilibrium at 500 K as given below,

Nyg) + 3H,(g) == 2NH(g)  K.=2.0x 102 mol? dr®

Which of the following statement/s isfare correct for the changes in the system from’ the initial
stage 10 equilibrium? Q. is the reaction quotient.
(a} Initially Qc’ K. NH,(g) starts to produce Nz{g)'and H.{g) and the system reaches equilibrium.
() TInitially Q. < K NH,(g) starts to produce N, (g) and H,(g) and the system reaches equilibrium,
(¢} Iitially Q< K¢ Ny(g) and Hy(2) react to form NH J(g) and the system reaches equilibrium.
) huitidly Q> &g N,{g) and H(g) react to form Nﬂs(g) and the system reaches equilibrium.

[See page seven
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134, Which of the following statement/s regai'ding the reaction between compound P and HCl to form
an alkyl halide is/are correct? CH, : '
CH:‘CH#(_< v
T e P CH3 ' . *

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

(5) A secondary carbocation is formed as an intermediate in this reaction. _
(¢) In one of the steps of the reaction, the HCl bond is cleaved to give a chiorine radical (CI').
() In one of the steps of the reaction, a nucleophile reacts with a carbocation,

35. A binary liguid 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
isfare correct for this system? S . :
{a) Total vapour pressure of the mixture is jess 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.

36. Which of the following statement/s isfare cotrect with regard to CFC, HCFC and HFC?
- (a) Both classes of compounds CHC and HCFC have the ability to produce chlorine free radicals
~ in the upper atmosphete (stratosphere). _
_(b) Both classes of compounds HFC and HOFC have the ability to produce chlorine free radicals
in the upper atrosphere {stratosphere). ‘ ' '
(¢) All three classes of compounds CFC, HCFC and HFC are strong greenhouse gases.

(dy All three classes of compounds CFC, HCFC and HEC contribute significantly to ozone layer
s depletion.. s ‘ : :

37, Which of the following statement/s is/are correct with regard to halogens, noble gases and . their
compounds? L ' _ .
(@) Hypochlorous ion disproportionates rapidly in acidic solutions.
(b) Xe forms a series of compounds with F, gas, among which XeF, has a square planar geometry.
{¢) Among the hydrogen halides, HF has the highest bond dissociation energy per mole,
(@) Boiling points of halogens increase down the group as a result of increasing strength of
London forces. - B . :

38, Which of the following statement/s isfare correct regarding the Danieli cell when it operates at room
temperature? (ECZH_: +1.10 V) '
(@) Net electron flow occurs from Zn o Cu.
(b) The equilibrium Zn(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 Cu*(aq) + 2¢ == Cu(s) shifts to the right. L

39, Which of the following statement/s is/are comect for ideal gases and real gases at constant temperature?
1 (@) At very. high pressures, the volume of a real gas is higher than that of an ideal gas. '
(5) 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.

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

(6) The presence of Mg, Ca?* and S()i’ jons in brine, hinders the production of NaOH using
the membrane cell method. 7 ' '

(¢) 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 manufactuore of NH, gas
using Haber-Bosh process. ' ' - '

(Spe nave sivht
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@ ‘In question Nos. 41 to 50, two statements are given in respect of each questibn.

From the Table given below, select the response, out of the responses (1), (2), 3), (@ and (5),
that best fits the two statements and mark appropriately on your answer sheet.

Response | First Statement "[” e Second Statement
4y True True, and-correctly explains the first statement
) - Tre 1 Tiue, but does not explain the first statement correctly
3 True False
4) " False Trae
(5) False False
Fist Staterment : - Second statement

41.| Among the oxides of Cr and Mn, CrO and MnO|The aeidic/ basic mature of the oxides of Cr
are acidic, while CrO, and Mn,0, arc basic. jand Mn is dependant on the oxidation mumber
‘ ~ {of the metal, -

42. | An acidic buffer solution can e prepared by|When OH (aqy or H (aq) ions are added to 2
mixing a weak acid HA(aq) with U8 sodium | buffer solution, the added amounts of OH (aq) or
salt NaAfaqg). o | H'(aq) ions are removed through the reactions;
' - Ol (aq) + HA(aq) — AT(ag) + H,0() and
Hag) +AGQ HA(aq) respectively.

43 | Essential oils can be extracted from piénts by | At the tepnperature at which a mixture of essentiatl
steam distillation at a temperature below 100 °C.joil and water boils, the fotal vapour pressure of
: e system is less than the -atmospheric pressire,

44 | At a given temperature and pmssmjé‘ the molar{ At 0 °C temperature and | atm pressure, the molar
volumes of two different ideal gases are different volume of an ideal gas is 224 dn’ mol~. '
from each other. : _ -

45.[All compounds having a C=C bond" show Any two isomers which are not mirtor jmages

diastereotsomerisn. ‘ of each other are diastereoisomers.
46. | Hydrogenation of benzenc is more difficult than{ Addition of hydrogen to benzene reguits in
hydrogenation of alkenes. ' the logs of aromatic stabilization. '

47. I'The reaction that takes place between SO, gas SO, gas reacts with: concentrated ¥,50, 10 give |
and water in the production of sulphuric acid{oleam. . ,
is endothermic.

48. | Reaction between ammonia and an alkylhatide Primary, secondary and tertiary amines can react
gives a mixture of primary, secondaty and tertiary | as- nucleophiles. Lo :
amines and -a quaternary ‘ammoniun salt. y L e

20118 P+Q-R is a first order’ Teaction “with|Initial rate of a first order reaction is independent
respect to the reactant P, the graph of ratejof the concentration of reactant(s). =

againgt concentration of P gives & straight line *

passing through the origin. ' ' S ,

59, |On a sunny day, strong photochemical smog can Photochemical smog is caused entirely by
be seen in a city with heavy traffic congestion. scattering of solar radiation by small particles

_ - and water droplets that are emitted by vehicle
exhaust systems.

R

L : : . L

§Qee nape nine
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_ PART A — STRUCTURED ESSAY
Answer all four questions on this. paper iself; (Each question carries 10 marks.)

1. (@) Write the answers to the questions given below on the dotied lines.

{1) Of the three.ions: Na Mg"‘ and F~, which one has the smuflest wnic M 24
radius? . Chesasararee g ........
(i) Of the three elements C, N and ©, which one-has the highcsz second :
fonization energy? R © ST
(ili) Of the three compounds H,0, HOCI and OF,, which one has the most '
electronegative oxygenatom? e LOF

{v) Of the three clements Be, Cand N, which one will fiberate encrgy when
an electron is added to its atom {Y{g) +e =Y (ghY =Be.G N} in the: C
gaseous state? ) T

(vi Of the three jonic compounds NaF KF and KBr, which one has.
the highest sotubility in water? KForKBr

(v) OF the three compounds HCHO, CH,F and H,0,, which one has the .
strongest intermolecular forces? rrran Hzoz .
(04 marks X 6 = 24}

| 1(a): 24 marks

(# (i) Draw the most acccptab]e Lew:s stroctuie for the ion, N2032“ Its skefeton ¥ glven

hs.!ow
taeZ
_ O=N—-N—-O 8 _
Y=g 9

"

-

fance. structures) for this jon. Indicate the relative
when compared with the most acceptable structure
or 'wnstable’ under these stuctures.

(ity Draw three more Lewis structures (reso
stabilities of the structures drawn By youl,
drawn in (i) above, by writing Tess stable’

2.
o o ﬁﬁe
LR &.. ® & .0
.‘o—@b}zmm—mp‘: {D2) o méb N—-2D {02}
{loss stable) (01} ~ {unstable} {01}
:(ﬁ:
Q,, g .8
g0 {9*21' &)
{unstable) (0%)

(i) Complete the given table based on the Léwis structure and its labetled Iskelet'on given

below.
et o
cm—q{xm —— G CZEEN Ci—*“?!li-ﬂN?—Oa-ﬂC“—N

: N? N? o (s
VSEPR pairs around the atom -3 3 4 2
electron pair geometry around the atom . trigonal pianar trigonal planar tetrahedral linear
shape around the atom trigonal planar angular/ V angular/ V linear
hybridization of the atom sp? sp? - spt sp

(01 X 16 = 16)
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& Parts (iv} to (vii) are based on the Lewis structure given in part (ifi) above. Labelling of atoms
is as in part (iii).

(iv) Identify the atomic/hybrid orbitals involved in the fomlatfon of & bonds between the two

atoms given below. . _ ,
L C--N' LB ORse N L,
LN—o N ..®. o BORsw .
moN—N NS, NP LSPR
IV. N2_03 N2 -.1“."-8}?:'2--'"-.'.--'....‘.n. 03 ,...SE:-?--'...M!!-el“-_-u_...
Vo O=C' 0% 8 € 8P
CVE N ¢ P, N 2P ORsp (01Xx12=12)
(v) Identify the atomic orbifals involved in the formation of 7 bonds between the two atoms given
below, ) . : ,
NN NN o L e
I ¢t—N C42’° e N N2
| ¢t ..8h2. . N NP (01 X 6 = 06)

(vi) State the approximate bond angles around N', N2, O® and C* atoms.
N2 T 1 N2 801180 o3 104° 1 C4, 180 1t

adera ALy

(01X 4 = 04)
(vn} Arrange the atoms N', N?, 0% and C*in the increasing order of electronegativity.

Ot < M. < . N.... < ..0%. (03)

1(b): 56 marks

_'('c) Consider the foltowing informafion.

I. The atoms A and B combine to fon‘n a heterodiatomm molecu!c AB that has
a ¢ bond. This is represented as A-B.

I1. The electronegativity of A is less than that of B Xy < Xg).
= plectronegativity of the atom

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

dyp= Tt p=c(Xy=-X,)

T = atomic radius, ¢ = 9pm

Note: d and r are measured. in picometres (pm). (1pm = 10-2m)
Based on the above information, answer the following questions,

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

(i) Show how fractional charges (5+ and 3-) are loeated in the molecule AB.
AT—B. . cerenecivene (08)

..-.“.---.'.u--"-u-----unuu--n-...-"---o.g.’.‘..i-»g.-,.--y-};n-...“‘---;"-c.-u..-.-u‘ srian o

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

p=dwexd OR p=aqr, A—B OR A 01+ 01)
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(iv) Calculate the percentage of ionic character of the H-F bond in the HF molecule using
the data given below. ' ' o

inter-nuclear distance of H, (dy.n)
Inter-nuclear distance of F, (d;._¢)

74 pm Electionegativity of F = 4.0
i44pm  Dipolemomentof HF = 60x10%Cm.

It

il

- ‘ Electronegativity of H =21 " Charge of an cleciron = 1.6 x 10-1%C
. Bo=dur X 5, HF—- F& ' _
. fH = QHZ = 74 =37 pm —— T T e T T T (02)
2 .
re=dep = 144 =72pm — ——(02)
2 2 ' . "
Therefore, dur = 37 + 72 -9{4.0-2.1) == e o1} -
=109-9x198 o ,
= g91.9 pm (02):
A g =dur X 5, 60 x10%® Cm = 8x 91.9x10" m _ (01)
5= 6.0 x10% =065x10" {02}
91.9x10" . ' ‘ ‘ :
% lonic character = 0.66 x 10 x 100 (01)
. 1.6x107"° ' ] '
= 40.6% : -{01)
- CR = _
m=duwe =74 =37pm (02)
_ 2 2
re=dis = 144 =72pm (02)
‘ 2 2 :
Therefore, dur = 37 + 72 -9(4.0-2.1) : {01)
=108-9x19 |
= 91.9 pm (02)
L4 ignia = 16x101°Cx 91.9x10" m {03)
= 147.04 x 10 Cm
: % lonic character = 6x10% - x 100 {oh)
) 147.04 x 10 I
= 40.8% _ ‘ ' -0
2. (@) A B, C and I arc chiorides of pébzcék clerments. Th'eses elemenis have atomic numbers less
than 20. A description of the products (P —¥y formed when A is reacted with a Jimied
. amowmt of water and B, € and I» dre reacted with excess water are given below.
. Compound “Description of products
¥, iacompound with a covalent network strocture
A e
P, |a strong monobasic acid
T, |a gas that tutns red lgmas bluc
- _ B P, |a compound with bleaching properties
P, |atribasic acid
c . P, |a strong monobasic acid
¥, [a gas that turns acidio KMnO, solution colourkess
D e a coltoidal solid
Py asnw&monabasicmid .
() identify A, B, € and D {give the chemical formulas). : .
A SiCl s NG .« PCh .. p SCk ..~ (04x4)

(if) Give balanced chemical equations for the reactions of A, B, C and D with water to
give products P to Py, | ST R T
. -04.1$iucjéttt:ls--;-2-H2.O-xtcl:>qlunsliggclvt?d)p--j:¢l|4;|u-||o:|-vv4-SGPIz)lcaoc-oltunnnhno.tuuoc-a‘nsvuou.u;:.--.-(95)

- ‘ : . o . !I‘l'NQlak.l:':i..laHaQilb;‘?t'.lN‘HaI‘n’(;Plg)l"Till3.|:l‘QQI.lC(EéllQllI!‘O‘I‘QC‘..IIILI"'!!'I!‘IIDOQI"CSI!(OUS)

l*ACOE_CJE’.!llﬁ:oa04H2.c?c:a»uﬁrloHQP'Q‘4¢u(Rﬁl--nTousoHtllii-ll(RQ!b-x&&rtQii.vl's.tutt‘-utbcl -n-.-a'nli '(‘05) .

tiullzschll.:t.llI2H204|.lt“.-_}lblSQ2"..JPII)IICTU QIISQIOIOl.f'!wa}“'f"UﬁH’CJII(EQ)Il’.Cl!IO II"."‘.U l(ps)

Note: Award marks if cortect balanced equations are given.
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(iii) Write balanced chenﬁca! equations for the following reactions,
L P, with NaOH(ag) o L
e 2O LT NSO E D e D2 QR
AL PywithMg . o :
. g%gvézh afld;ilfgcrzo" S 804 #4H*+2e)
P IR R e
3802 + CrO2+2H* — 201%™ + 380.% + HO 4 ol @4 (Q8)-

If only halif reactions are given — part marks (82'\'4- 02)

2(a): 50 marks

(b)-A student is provided with bottles labelled P, 3, R, 8, T.and U containing aquecus solutions
of Al(S0,), H,80,, Na,§,0;, BaCl,, Pb(Ac), and KOH {not in order), Some nseful
observations for their identification on mixing two solutions at a time are given below,
{Ac - Acetate ion) : : i

Solations mixed Obsenatiéns'
1 T+R a clear colourless solution
i P+R a white precipitaté '
[§1] T+3 & gelatinous white precipitate
v U+R 4 white precipitate
\ P+Q a white precipitate, tumns black on heating
Vi P+ U 2 white precipitate, dissolves on heating
(i) Identify 2—1_0 o, : . .
- p: Pb(Ag)e Q: Naz8:0s R: .Hz804., .
s Al2(SO4)3 OR KOH 1: KOH OR Al(SO4)s  y, BaCh :
'- | -~ (05X 6 = 30)
(it} Give balanced chemical equations fof each of the reactions I to V1. n -
P L 2KQH. ..+ HSO« o KeSQs___+ 2H0 OR (03)
QD;” Al(SQu)a.+  H2804 = Noreaction
= I Pb(Acla % H2SO4 _ —.  PbSQ4l. .+ 2HAc - {03)
ey HI GKOH ..+  Ab(SO4s —  2ANOH) L+  3K2S04 : (03)
= IV. BaClk . % HzSQs . .. BaSQsl _+ _ 2HC (03)
N V. Formation of white ppt ‘ _ : '
— Pb{Ac)2 .+ NazS203-> PbS2031 + 2NaAc - (03)
U “Turning black on heating , ' 20
" % T PbS:0s + Hz20 — PbS | + HaSOs (02)
=3 VL PbAc)e .+ BaCla .— PbCll *+ Ba(Aga (03)

Note: Precipitates have to be shown by | oras (s). If not, deduct (O;I) mark.
' 2{b}: 50 marks

3. {a) A' saturated aqueous solution of a ‘sparingly soluble salt AB,(s) was prepared by stirring
an excess amount of AB,(S) in 1.0 dm? of distilied 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.
ABy(s) = A*(aq) + 2B (aq) {05)

---------- M L R e I R E L LT L L LT T T r T T e

{il) Wiite the expression for the equilibrium constant for the equilibrivum written in (i) above at 25°C.

_ [a**@ag]iE @

Ko = [A¥ (a@))lB~ (ag)]? ' (05) -
Ke= ARG | Co Note: If only K- is given award (03 marks)
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{iii) Calculate the value of the equilibrium' constant s_tated in' (ii) above at 25°C,

. b [A%*(ag)] = 2.0 x 10 mol dm™ ' : , C(04+01)
. : [B~(aq)] = 2[A%*(aq)] = 4.0 x 10 mol dm™ : (04+01) .‘)9 _
] K = 2.0 x 10 mol dm®x (4.0 % 10 mol dm®)* - : (05) /,,/
Ko = 32x10° moP® dm™® ‘ : ©s5)

Note: Units are not required for K, for award of ma_rké. -

(ivy Another saturated agueous solution of AB, was prepared by stirring an execess amout
’ of AB,(s) in 2.0dm?® of disﬁlicd_‘Watcr ar 2S5 *C, CGiving reasons, predict the value of
the cequilibriam’ constant for' this system. L :

N

Ksp = 3.2 % 10°® moP dm® ar Same value. o (05) _(LQ.'i’a‘ i
Ksp is & constant at constant temperature ' : (05) 7 02~ ot Yeis
and does not depends on the volume ‘ : 05) 2 "¢
(v} A small amount of the strong electrolyte NaB(s) is added to a saturated agueous solution 4 ", .

- of AB, at 25°C. Gilving reasons, predict whether the concentration of AP*(aq) is increased
or decreased. - .

; Common-ion B-(aq) is added ' . (09)
.. More ABy(s) is formed to keep the Ky, constant or reverse reaction takes place 05 | -
] [4%* (aq)], decreases . | ©s 7
‘ : 3(a): 60 marks
(&) in an agqueous solution. émpé;aﬁoic acﬂd (Czi-lﬁcDOH) jonizes as glven below.
C,H,COOH(aG) + H0W = CHCO0 g + H0 e
AL 25°C, K (propanocic acid) = 1.0 x 1075 ‘ .
G) Write the expression for the equilibdum. por;staut for the above reaction at Zz5 °C.
 [C,H5C00"(al[Hs0* (aq)] 5
Ko = [C2HsC00H(aq)] : ' _ o5 7
(iiy 100.0 cm?® of an aguecus sofution of C,HLCO0HGG) was prepared by disgolving
074 omt® of C,HCOOH in distifled water at 25 °C. Calculate the pH of the sotution at 25 °C.
(C=12; O= 16; H=1; considerthe density of C,H;COO0H as 1.0 & om )y
mass of CaHsCOOH(aq) = 0.74 em*x 1,00 g om™® =0.74 g
‘motes of C:HsCOOH(aq) in 100 e’ =0.74 g/ 74 g mol™ = 0.01 mol (05)
- [C3HsCOOH(ag)] = 0.10 mol dm™ . ' _ (05)
Consider the equilibrium:
C,HsCOOH(ag) + H0() = C:H;CO0(aq) + H;0" (aq)
mitial 0.10 0 _ 0 . moldm’
. Change -X _ x x mol dm’?
At eqm 0.10-x - x % mol dm’? (04+01)
_ [CHsC00™ @pl[Hgo  a)] _ _xx . . s .
Ko = [Czsc00H (am)] T ol0-x 1.0 ¥10 ‘ : | 02)
3
X =1.0x1075 (010 —x~01) — ———— 03
010 : , 8
%2 =10 x1076 5/'
x = 1.0 x10~3 mol dm™3 = H;O(aq)] _ 05)
pH = -log [B30°(ag)] =—1og 10 x107° Gl Ane s A 106 - (09
) _ _ pH =3.0 : - _ . ' : - (05)

- + F, ’
Note : Students may take —log of both sides of K, = ICZHFE:;S c(g:;}r[”&z)](aqn and calculate pH.

Award marks appropriately. :
.Physu:al states are required fOlf award of marks, | 3(b): 40 marks
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4. (0 A, B, Cand D are structlural isomers having the molecular formuta CgH,y- None of them show
optical isomerism. All four isomers, A, B; C and D when treated with HgSO,/dil. H,S0, give .
praducts which react with 2.4-dinitmphénylhydmzinc {2.4-DNP} to give coloured precipitates.
Only A gives a precipitate with ammanical A gNG,, A has only one position isomer, which is B,
B is a chain isomer of C. C reacts with Hg8O,/dil. H,80, to give two products E and F.
D reacts with HgS0,/dil. H,80, to give only ose product, which is E.

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

. CH; - CH; ' _
CHaCHCH,CECH CHaCHCECCH, CH3CH2CH2C“CCH3

A ' B : C

- 11 Il

D B = (08 X 6 = 36)

(it} Which of the compounds A, B, C and 1 gives a product that does not show diasterecisomerism
when reacted separately with H, / Pd-BaSQO, / quinoline?

GHs
CH3CHCH,C=CH
| s (05)
or Appropriate letter (A, B, C or D) identifying the correct structure
(iii) Draw, in- the box givcn“'below, the structure of the product G obtained when A is
reacted with excess HBe '
C':H3 ?r
Br
G ' (05)
(iv) Draw the structures of products X and Y obta'&wcj in the following reactions of E, in the
appropriate boxes. :5:\ @\ : :
. LT
L I
| T e
OH NaBH, ) 1. C,H MgBr oH
] { , ‘
CHaCR,CHCHCH,CHy | Methanol ../ 2. HVH,0 | CHsCH,CHGCHCH,
CH,CH3
X ' Y
Name a test to distinguish between X and Y. (05 x 2 =10)
Lucas testor
. anh. ZnClz/ conc. HC! or
H*/K:CroO70r . - }
2 i!z Ty
HYKMRQ, oY Q% [ i30rls
| , (04)
Note: Marks are not awarded if given as C3Hy,
& 4(a): 60 marks
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Sequence 13 _ ' f‘H P—
CHCH=CCH, - CHCH—CHCH, e AT '
‘H, {Reaction 1) Br CH, {Reaction H)
(EIECCHa
HBr/Peroxides CH3CHCHCH;
L
' CH3
P K
Sequence 2: (I:I'_m on, '
Za(Hg) feone HOL Q 1
@ 2 g . L | é HCN M
(Reaction IH) {Reaction 1V) docn, (Reaction V)
CHy CHy ' .
CHACOCYAICH i
: hh‘ﬂ\"i&”‘b' orfl)  HO-CCH; .-
) dQO & ! )
\\O,c‘o"’\’ " N 4 fe hoed
L g M “S!\“)()u}ué‘- X :
(91~
-«1,& ..
Sequence 3t O

CH,CH,C=0 R

CgH sNHo

R

CH, (Reaction Y1)

- crgcaziww;n-@
‘ : ‘Hi’

Compounds/reagents (05 x & = 30)

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

types of reactions.

™). 50
Nucleophilic addition

Reaction V

KB

Nucleophilic substitution Reaction |l

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

v
A\ we o1

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

- Reactions (05 x 2= 10)

4(b): 40 marks
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PART B — ESSAY

5. (a) A compound XY, 2Z,(8) undergoes dissociation when heated to temperatures above 300 K as given
: below.

XYZZZ(S) :‘—“‘ XY e) + Z,(g)

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

Molar mass of XY, Z(g)i is 150 g mol!, Use the approximate value of 4000 J mol™ for RT at
480 K. Assume |dea1 gas behaviour for all gases.

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

7.5 /150 g mol™ = 5.0 x 102 mot (05)
- ' 5(a) (i): 05 marks
(ii) When the above system reaches equilibriiim at 480 K, the total number of moles in the -

container was found to be 7.5 x 1072 mol. Calculate the number of moles of XY, 2 2e(2)s
XY,(g) and Z,(g) in the equilibrium mixture at 480 K.

XYoZo(gy = XYxg) + ZAg)

Initial 0.05 . 0 0.  mol di® (04+01)
’1/;;} | Change . X x : X mol

At egm 0.05-x X x mol &E (04+01)

Total number of moles = 0.05 +x = 7.5 x 102mol (04+01) .

X =25x102mol | (04+01)

'XYag) = Za(g)= 2.5 x 102 mol - (04+01)

XY2Z2(g) = 5.0 x 102mol -2.5x 102mol= 2.5 x 102 mol (04-+01)

5(a) (ii): 30 marks

(iii) Calculate the equilibrium constant K, for the above rcacﬁon at 430 K,

_ [xv(g Jiz@ .

5 Ke = tmn - : _ ©35)
) o Concentration = 2.5 x 1072 mol dm ™ {04-+01)

l 2.5 x10"2 mol dm™3 x 2.5 x10"2 mol dm™
ke = 2.5 1072 mol dm™3 - (04+01)
K. = 2.5 x1072 (mol dm™3) (Units are not required) : (65)
: 5(a) (ii): 20 marks

(tv) Calculate Kp for the equilibrium at 480 K.

K,= K.(RT)™" | (05)
. An =1 o (65)
"‘é} K, = 2.5x10"2moldm™% x4 x10% J mol™? ' (04+01)
" K, = 1.0x10° (Pa) (Units are not required) (05)

5(a) (iv): 20 marks
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iv. Alternative:

Total number of moles at equilibrium = 7.5 x 102 mol (05)
Prow = (7.5 % 102 mol x 4 x 10° J mol')/1.0 x 103 3) =3.0x 10° Pa) (04+01)
Number of moles of XY2 Za(g) = XY2(g) = Za(g) = 2.5 x 10 mol

Mole fractions of XYz Za(g) = XY2(g) = Za(g)= 1/3 (04+01)
Pi=Xi Protal ‘

Pxv2 72¢) = Pxv2e) = Pzz(g) =1.0 x 10° Pa

Ky = [Pxvae = Pzag] / Pxv2zam = 1.0 x 10° (Pa) (05)

5(a): 75 marks

(b} For the reaction XY,Z,(g) — XY,(g) +Z,(g) described in (&), Gibbs free energies (&) at 480 K for
XY,Z,(g), XYZ( 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,

0o XNiZ(g - XVag)  + Zg)

,;:5 63 yE
Aern = Gproducts - Greactants . RO i LS .Fo;’«?i) © pr odu (05)
= (-76 +(-30)) —(-60) = —46 kj mol™! ' . (04+01)
Note: No marks if AG? is written, but marks can be awarded for correct
calculation,

5(b) (i): 10 marks

(ii) The magnitude of AS of the above reaction is 1507 K~ mol™" at 480 K, Calculate AH for

the reaction at 480 K by using the appropriate sign (- or +) of AS. 3

o ) 5010

AS must be positive (number of gaseous moles is higher in products) (05)

., AG = AH-TAS (05)

©" 46k mol™ = AH — 480K x 150 x 1073 kJ K1 mol™!

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

AH = +26 kf mol™! (04+01)

‘Note: No'marks if AGY is written, but marks can be awarded for
correct calculation. , -~ 5(b) (ii): 20 marks

(iif) By using the sign (—~or +) of AH obtained in (ii), explain whether this reaction is exothermic
or endothermic.
ah
kY4 : . . '
b The reaction is endothermic (05)

because AH is positive ' : (05)
5(b) (iii): 10 marks

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

9 AH= -26 KJ mol~* | | (09 +01)
' 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 ki mol~, calculate the bond

enthalpy of the Z-Z bond. Y
{Assume that XY,Z,(g) has the structure z-—)”(—z) .
AHpxn = BHpongsproken — _AHbonds formed (05)
v, AH.. = 24Hyz—AHz , o (05)
7 26 kj mol=t = 2 x 250 kJ mol™* — AHz_, -
AHj_; = 474 kJ mol™* | (04+01)

(OR students may solve through an appropriate thermo cycle)
5(b) (v): 15 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,({) —» XY,(g) + Z(g) is equal to, or higher or lower
than AH obtained in (if). -

Higher | | - , | (05)

\f;)/ Tt is necessary to supply energy to convert liquid to gas first 05)
L (or XY2Zy(]) —> XY2Z(g) needs an extra energy) '

- 5(b) (vi): 10 marks
5(b): 75 marks

Note: Physical states are required for award of marks.

cr at a given temperature T.

@(a) Consider the reaction given below occurring in a closed contairn
: : o 2N,0,(g) — 4NO,g) + O,(8)

) Write three expressions for the rate of reaction relevani to each of the compounds appearing

in the reaction.

AM0s@] _ AINON@ _ Mol |
o = = (02+02+01)

6/ ~ Rate = —
6(a) (i): 05 marks

rried out at temperature 7 with an initial concentration of (.10mol dm= of

(ii) This reaction was ca !
unt was decomposed after a period of 400 s.

N,O.(g). It was found that 40% of the initial amo
1. Calculate the average rate of decomposition of N,0.(g) in this time interval,

Decomposed amount = 0.10 mol dm™ x40/ 100 = 4.0 x 102 mol dm™ (04+01)

(9 e 7 ) .
' \/ Remaining concentration after 400 s =6.0 x 102 mol dm™ ‘ (04+01)

— - -3 .
Average Rate = —208= 0O mOldMT 4 g x 10~*mol dm™3 571 (04+01)
_ (400-0)s
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Il. . Calculate average rates of formation: of NO(g) and _Oz{g).

A[N;;Os (g)] —_ A[NOZ (g)]

£ . zAt 44t
g "'\_ﬂ%@-l = 2.0 x107*moldm™3s7? _ (02)
AlO2(g)]  __ AIN20s(9)] _ -5 3 -1 {ab
At = —— =50 x10 moldm™ s 03) ~ |

6(a) (ii): 20 marks

(iii) In another experiment, initial rates were mensured for this reaction at 300 K and the results

are given below.

IN,O(g)] / mot dm™ 00l 0.02 0.03
[nitia! rate / mol dm™ s~ 6930x 105 | 1386x 107 | 2079 x 107
Derive the rate law for the reaction at 300 K. -
\;Q, When the concentration were increased two and three times, rate increased two
s and three times, respectively. ' - {(05)
. Reaction is first order _ ‘ _ (05)
. Rate law : Rate = k [N205(g}] : : (05)

(OR - Ry/Rz2=1/2 reacti‘on 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™

W F

of N,Og(g). It was found that the concentration of N,O(g) which remained after a period
of 5005 was 2.0 x 102 mol dm™.
[. Caleulate the hall-life (r,/2 ) of the reaction al 300 K. _
/" Order of concentration change = 0.64/2.0 x 107 =32 =(2)° (05)
ﬁr)ﬁ?} . Fraction of initial N2Os(g) = (1/2)° (05)
' f That is, 5 half-lives passed to reach this concentration (05)
I s tiz=500s/5 =100s | (04+01)
. Calculate the rate constant of the rcﬁction at 300 K.
Reaction is first order 7
For first order reaction. £ = 0.693 /k 05)
o k=0.693/100s = 6.93 x107°s" . (04+01)
OR
from iii,
Rate = k [N20s(g)] = 6.93 xI 0% mol dm® 5= k 0.01 mol dm’ - (04+01)
k=6.93 xI07 57 _ (04+01)

6(a) (iv): 30 marks
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(v} This réaction proceeds tﬁrﬁhgh a mechanism involving the following clementary steps..
Stepl O NOJ(® . ¥ NOGE) + NOLE) : Fast
Step2 : NOJL)  + NO(g) — 2NOJ® + O(g) : Slow
Step3 : N,OLZ) + 0@ ~ 2NOg + Oyg): Fast

Show that the above mechanism. is.consistent with the rate law of the reaction.

~ From step 2 (Slow~step); | :
Rate% k[NOs(g)] [NQ2(g)] : | (05

For step 1 (equilibrium) _

K o= { [NO3(2)] [NOxg)]} /{ N20s(g)] | (05)
We get, K eq [ N20s(g)]= {[NOs(g)] [NO2(2)]} ,

.. Rate= kK oy [ N2Os(g)] = k[ N2Os(g)] (05)
This is a first order reaction which follows the rate law derived | ..._(.(.'f.).

' Note: Physical states are required for award of marks. 6(a) (v): 20 marks

6{a): 90 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 al temperature 7, partial
pressures of A and B in the vapour phase are A and P, respectively. At temperature T, the
saturated vapour pressures of A and B are P andi‘;}, respectively. Mole fractions of A and B
in solution are X, and X, respectively.

(i) Show that p, = X A
(Cons:dm that the rates of vaporization and condensation are equal at eqml:bnum)

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

TV

Agy = Aggy e ee (D) | | (05)
TC . : .

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

Considering (1), we can write;

n=k[Ap] = kX - | 03
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X, is the mole fraction of A in solution

Likewise,

Y, = k'[Ag] = k2 Pa 05)

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

At equilibrium,
T, =Tp
koPy = ki Xy ' o 05)
" Py = E—XA or ~ Py = kX, (05)
when X, = 1, P4 = Pj = saturated vapor pressure of A
k=P | N 05
Py =P X4 ) 09

6(b) (i): 35 marks

(i} 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 3.0x 10% Pa, respectively.
1. Calculate the mole fraction of A in the liquid phase of the equilibrium mixiure.
1. Calculate the vapour pressure of A in the equilibrium mixture.

D Piots = Pa+Pr - 7 . (05)
= XaP%+ XpP% = XaPa+ (1-Xp)P%s (05)
) _ Ptorat —PB ,
. X A = —P'g—_';g— : L ©03) -
_ 5x10*Pa-3xi0*Pa 1 04+01
7 %10% Pa— 3 x10* Pa 2 ( )
1 .
@M = Pa=PRXg=5%X7X 104 Pa = 3.5 x10*Pa = (04+01)
6(b) (ii): 25 marks
Note: Physical states are required for award of marks. 6(b): 60 marks

it
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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-spontineous.

Electrolytic cell ~» (alvanic cell

A Oxidation half reaction takes Anode _ -~ | Anode '
- | place at _
B Reduction half reaction takes Cathode Cathode

" | place at S : :
C. | Sign of Edcan ' | Negative 7J n_?* ~Cis | Positive i-t__t;ﬁ amaf ‘*5 -
D. | Electron flow From anode to cathode From angde to cathode
E. | Spontaneity of reaction Non-spontaneous spontaneous '

(02 x10 =20 marks)

Note: Mark independently. _
| | 7(a) (i): 20 marks
Gi) An elgetrocherndcal cell was constrocted at 300 K by vsing 2 Zn(s) anode, an agqueous alkaling
slectrotyie and a porous Pt eathode which facititates the collecton of oxygen O,(g) from air
as shown botow, As the cell operates Zn0(y s produced. _
You are given that () -

a 4 s ) - . W
B o0 [2atw o = ~131 ¥ o B o = 1034V ~
Znow 65 gmol!, O = 16 gmot and - o
1 F = 96500C , z o
L Wite the half-reactions occurring at anode and cathodo. 1" {esraiye] 4
) ' Anodo—f» o8 é?;ﬁ:’:c
Anode : Zn(s) + 2 OHYaq) > ZnO(s) +H0() +2e
¥ | | S (05)
’ Cathode : O2(g) +2 HoO(®) + 4e — 4 OH'(aq)
Note: = can be accepted. - |
' _ (05)
. Write the overall cell reaction.
;,/ _ 2 Zn(s) + O(g) - 2Zn0(s) '_ ‘ ‘ (05)
Note: = can be accepted. |
. Calculaic the cell potential £ at 300K.
0. Eoccll =E% - EOL = Eoc'athode - annode‘ ' . : - (05)
V | | o
' = 0.34 V-(-1.31 V) = 1.65V _ (04+01)
IV, State the direction of migration of OH(ag) iéns between the slectrodes.
, Cathode  Fnode  Ogaren Fr - S
Vj/ . From enede to-eathode(from-Znr-electrode to oxyger-electrode) . (05)
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V. When the cell operates for a period of 800 s at 300K, 2 mol of 0O,(g) are consumed.
A. Caleulate the number of moles of electrons passing through the cell.

4 mbl ens |
3 -2 mol O2(g) Xm = : (05)

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

i .
Mass onnO(s) _ 8 mol ens x96500 C 1 mole % 2 mol Zn0(s) 81 ¢ |
oo 1 mgl 2 X800 s 96500 C 4 mol en 1mol Zno e
\”’ : - (04+01)
=324 ¢ | | (04+01)
OR ‘ ‘ sy
Mass of ZnO =4 mol % 81 g mo! ‘ ' (04+01) ,1
=324 ¢ . (04+01) |
L , el

C. Calculate the current passing through the cell.

I=qg/t . . o (02)

__ 8 molens x96500C . 03
1mol e X8005 03)

= 963 4 ' ' (04+01)
7(a) (if): S5 marks

7{a): 75 marks

(b) A coloured complex ion P is formed when the sale M(NO,), is dissolved in distilled water.
M is a transition clement belonging to the 34 block. P undergoes the following reactions.
ag. NH, N : . ©Xeess ag. NHy

g

(blue coloured précipitate) (deeply coloured solution)

El;"'i conc. HC
- -

{yellow coloured salah‘on)

8]
- [H
(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 statc of M in complex ion P.

ﬁo)&

“ L"}‘ - M=Cu OR Copper {10)
v /" \4. )

"o Oxidation state: +2 OR Cu? | (03)

< A0
v Note: M = Cu?* can be accepted. Award 10+03 marks.
Metal needs to be identified correctly for award of marks for . 7(b) (i): 13 marks
oxidation state. :
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(ii) Give the value of n in M(NO,) . ] _
7(b) (ii): 03 marks

(i) Write the complete electropic configuration of M in complex ion P.

| 1522522p83523p°3¢" | (03)
' : 7(b) (iii): 03 marks

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

P:  [Cu(H:0) | | | (04)

Q:  Cu(OH) | | (04)

R [Cu(NHa)? | - | | (04)

S: [CuCls)* _ S (04}

T: Cuz[Fe(CN)el ' .' '

U KdFe(CN)e] 7(b) iv): 16 marks
(v) Give the IUPAC names of P, R, §, T and U .

P hexaaguacopper(lt) ion : - (03)

R tetraamminecopper(il} ion : | (03)

S: tetrachloridocuprate(l) ion | o (03)

T - copper hexacyanidoferrate(li)

U potassium hexacyanid-oferréte(ll)

7(b) (v): 09 marks

(vi) What is the colour of P?

pale blue : - {04)
st - | 7(b) (vi): 04 marks

{vii) What would you expect to observe in [ and 11 given below? :
I. When H,S gas is passed into an acidic solution containing P at room temperature

 black precipitate _ . ‘(06) '

II. When the mixture obtained in I above |s heated with dilute HNO after the removal
of dissolved H S

pale blue solution | ‘ ' (04)
solution is turbld/ pale yellow or mllky:r whlte prec:p:tate (02)
or -

turbid pale biue 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

NG

the concentration of M™ present in an aquecous solution, usmg the following chemicals.
KI, Na,8,0, and starch.

Add excess Kl {01)

to an aqueous solution of volume V1 cm?® contalnmg M" (01)
Here, M™ =Cu®

Titrate the liberated I, (01) :
with Na,S.0; whose concentration is known (M mol dm) (01)
with starch as the indicator (01) '

2cu 4+ 2F ~ 20 R U on)
| | . L

I2 b 2802 - S0 + 2 eeememeeeeenn(2) (01)

ICUPF + 28,08 — SOt + 20U'  seremeemne(3) (02)

OR |

20U + 4 o 20ul| + Iz e (12) {01)

I, 4 250@ — S0 + 21 eeeeee—ee(2a) (01)

20U + 250 — 20Ul | + S4OF -rommemeeraer(3a) (02)

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

From both (3) or (3a) Cu® = S:0 | (01)
Let the burette readlng of $:04% be Vz cm?® S 01)
Therefore, moles of $:0:* =_V_z___ x M E (01)
1000
: Thérefore, hotes 6f Cu? =V, x M . _ (01)
100
“Therefore, [Cu®"] =V x M | X _E)Pi) | (01)
1000 Vi
= MV: moldm?
Vs | | (1)

Note The above explanation could be given in words.
' 7(b)(vm) 15 marks

7{b): 75 marks
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8. (a) (i) Given below is a reaction scheme for the synthesis of compound G using CH, CH CH OH

as the only organic starting compound
Complete the reaction schefne by drawing the structures of compounds A, B, C, D, E and F
and wntmg the appropriate reagents for steps 1 - 7, selected only from those given in the list.

cH,cH,cH o —2Ls 4 JRZ, g P3¢

lStep4 |

D

l Stcps | ?H Srtep 6 .Step'i | g

E ———> CH,CH,CH-CH-CH, ——> F ——> CH,CH, H-CHCH,

CH, CH,
List of Rcagents ¢
'HBr, PBr;, pyridiniumchiorochromate (PCC),
Mg/ dry ether, KCN, cone. H,S0O,, dil. H,50,
Compounds, A-F .
?Hs ‘ ?H?)
A = CH3zCH=CH; - B=CHzCHBr ‘ C = CH;CHMgBr
OMgBr ' I'].’.r
- D= CH,;CH,CHO E= CH30HQCHCHCH3 F= CH3CH20HCEHCH3
| CH3 | _ CHj
Reagents: . _
~ Step 1 = conc.H;50, Step 5 = dil.H,S0, .
- Step 2= HBr ' Step 6 = PBry@ 1\ Br
Step 3 = Mg / dry ether ~ Step7=KCN
Step 4 = PCC’

Compounds/Reagents (04 x 13 = 52 marks)
| 8(a) (i): 52 marks
(i) Consider the following series of reactions.

Draw the structures of compounds G, Hand K. Give the reagents X, Y and Z.
' . LiAlH,

"HO | ocl 2. H*/HO
——> G —s> Lt s g —31»K

- _CHOH o
Note that K gives benzyl alcohol ( @ﬁ ) when reacted with NaNO,/ dil. HCL.
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Compounds G, H and K

. a__COH CONH, _CH,NH,
SR o

Reagents |
X = H*/Ky,CryO; / or H* [ KMnO, Y = PClg or PCly  Z= NH, / RakiH ,
or H*/CrO5

- Compounds/Reagents (04 x 6 = 24 marks)
8(a) (ii): 24 marks

8(a): 76 marks

(b)) (i) Show how the following cq_nversion could be carried out in_not more than three steps

. NH, : Br .
o — 0,

NH2 | NH2 . ) _ Nz CI
@ By B Br' NaNO, / Hel Br HPO; \Q/
—
_ 0-5°C - '
A |
/ - Br
N : J '
ENDA h Y - N 7
Ny \\; - ' -
NI Ot ®
4{% bo QQ , ( L¥h , : . |
\0(}‘ B VTS !CC\%V _ : ' A 8(b) (i): 20 marks
(ii) Consider the following reaction. |
S - CH,CHCH,
O -@
'ldenttfy the chemical substances Pand Q nccessary to carry out this reaction.
- Write the mechanism of this reaction. : S :
P+ Q = (CHy,CHCl + ACl; (®
: . or _ _
Fedry /Fecls . P+Q=(03)
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@

| ) )
(CHs),CHCI + AICl; ~——= CH(CHy);" +  AICI,

@ -

S~H AICl,

s | | | CH(CHy),
© “CH(CHg), — @ou«mgz — O |

®

Mechanism = 15

Alternative answer (for mechanism):

IF the student has written the electrophile as R-Cl molecule polarized by

coordinating to AICIs, award 03 marks only.

The electrophile may be written as:
+ - + = &+ 6 .
(CH;_:,)ZCH_CIAJCI:; or . (CH3)2CH_C|—‘AECI3 or (CHg)QCH_CI“'AICI:; .

Award marks for the last fwo steps as gi\)en below.

@ (for both arrows) |
- <N S : @ S
@ AICl4

wH

©/\ (W -~ | . CH(CHy),
 (GH3)2CHCIAICl — @CH(CHS)Z . ©/

®

02+02+02+03 = 09
Alternative answer:

Important: Please note that this answer is outside the scope of the syllabus.

| However, it has been included based on feedback received from teachers during '

the 'Chief/Additional meeting' regarding what is taught in the classroom.

P+ Q = CHCHCHCl + AC (3
P+Q=03

Note 1: When benzene is treated with 1-chloropropane at room temperature in the presence of AlCl;
major product is +propylbenzene. ' '

Note 2: However, if heating is mentioned award full marks.
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~ Alternative answer (When 1-chloropropane is given as the alkyl halide}:

@ @
@ @ @
CH3CHZCHZCI + AICE3--—>CHSCHCH2 CIAICH; — . CH(CH3)2 + AlCl,

@ @ D ac

+ CH(CHg),
@ CH(CHs), —» @cmcmz P ©/

8(b) (ii): 20 marks
S(b): 40 marks

cy @ Exp!am why phenol is more reactive in electroph:lic substltutlon reactions than benzene,
‘by considering their resonance hybrids.

Structures of benzene and phenol can be illustrated as follows.

LGP o
S—A-— @ @ ‘@

Consider these only for marking
Resonance structures and Double headed arrows 01 x 8§ = 08

" OR

. @ Alternative fo the resonance hybrid of benzene @
‘OH  "OH 840K SoH
. i i . Any one structure
SINC I ®
| _ : Alternative to the resonance

5-  hybrid of phenol

gc’w)@u OG5 sTHEAT T SO6 gfﬁé@ Go6bU
The benzene ring of phenol is more reactive towards electrophiles than benzene

itself because: PHEHGC 0B -
The benzene ring in phenol is electron rich compared to benzene due fo the
Delocalization of lone pair of electrons on the oxygen atom
~ Over the benzene ring of phenol
' 04x3=12
8(c)(i): 20 marks
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(u) Hlustrate the differcnce in reacnwty between phenol and benzene as’ glven 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 o | '

Benzene reacts with bromine (only) in the presence of a Lewis catalyst
Reaction of phenol with bromine occurs even in the absence of Lewis catalyst
OR '
Nitration of phenol takes place at room temperature / at 20 °C / without

. heating with dilute HNO3 (20% HNO3). '
Benzene does not react with dilute HNOa
OR
Phenol reacts with diazonium salts in 'alkaline medium to give azo dyes.
Benzene does not give azo dyes with diazonium salts (Benzene does not
undergo this reaction).

@;5\\*35 \?\ | o 04x2=08
/u , : | | - 8(c)' (i) 08 marks
i\\ 23\ YA i _
¥ “{m) Draw the 9tructurc(s) of product(s) you descnbed inthe reactlon in (u) above.
O {\
1 \j\ .
N OH OH
: Bry Bre_ _~__-Br @
—————
| ' Br
OR
OH

OH @ OH
4w ' NO, @
dil. HNO3 +
—_ U
NO»

@ B Y

8(c) (m) 06 marks

8(c): 34 marks
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9. (@) (i) Wrile 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 fines) are used to represent solids, precipitates, solutions

and gases. - ——— e 0 e e _
L] . ¥
N 1 : i
dil. H,80, i <> ; ; !
) L_——,E———-—l + s tid reci :tatc:
2, §0i1 '
metal )  paie green colourless, E prectp E
odourless ; O :
] [}
dil. NaOH i solution gas |
+ + [stmng monobasic acid I
black pale yellow/ '
i mifky white ;
E dirty greent B |
R B : 1
a E is acompound that contains twa' ®
‘Llcmcnts belonging to the ﬁmttwn, IZ[ ] oil.
1 periods of the Periodic Table. 1 | colourless colourless, NH,OH
""""""""""""""""""" * + dil. bad odour
1. dil. HNO, W NH,OH AgNO,
- - J — 3
dark blue i reddish-brown > white
. dil. NaOH
oot ()
. stighily acidic turns filter paper
¥ moistened with
¥ Nessler's reagent brown
.
reddish-brown - . deep red
7 ?’ﬁ
A: Fe 'B: FeSO,/ T2 C:H: D: Fe(OH).
' or S _
[Fe(H20)e]504 - o
or ‘\,j
[Fe(H0)}* V"
0
E:H:0. F: Fe(OH); G: Fe,0s H:K4[Fe(CN)e]
oY
I: FedFe(CN)ls J: FeCls U)E\\ o a0 K H2S L: FeS
or : or -
KFe[Fe(CN)s] [Fe(H20)s]Cls \\ o
' 0
[reci) e
"M: SorSg N: Fe(SCN)s O: NH;SCN P: NHz
- or P oni -
L al6laY]
[Fe(SCN)H0)I* 4
thiosicnade
o or o . o :Shou\lcl ke .
[Fe(SCN)] trere . — Indepenclaat

Q: AgCl , _
- (04 marks x 17 = 68 marks)

9 (a) (i) : 68 marks

02 -Chemistry {Marking Scheme) New Syltabus { G.C.E. (A,_’L) Examination 2020 1 Amendments to be included. . “



Department of Examinations - 5ri Lanka ’ . Confidential

(i) Write the corﬁpietc electronic configuration of A,
2 , . 2, dé ‘ _
s 2322p63$23p63d5482 or ... 4513 : (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.0. function — oxidizing agent : - {02)

2(Fe(OH) + H:0 — Fe(OH); + H' + )

H202 + 2H" + 2e — 2H0
&\r"h & 2@ — 20HT

Fe(OH)2 + H:02 — 2Fe(OH)s - (03)
-

Y 6 '+ OR

u N Q _

o™ 5 2(Fe** — Fe¥ + ¢)

A H202 + 2H* + 2e — 2H0

. kd" .‘j-

& :‘3,: OFe? + MO0, + 2H* — 2Fe® + 2H0 | (03)
3 R0, 1 207> DOWT 9 (a) (i & iii) : 07 marks
) (Half reactions (01) each if written) ‘
g L?_é 9 (a) 75 marks

- ———_____ (b} The solid X contains oniy 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 difute
% _ H,S80, medium. This reaction gave Mn?*, Cu?* and SOZ~ as products. Thereafter, the excess
< KMnQ, in this solution was titrated" with 0,15 mol dm™ Fez’* solution. The volume required for
L + the titration was 35.00 cm?®,

‘ "!"I w (i) Write the balanced ionic equations for the reactions taking place in the above procedure.

J
\ -

R g— " Reaction of Cu;S with MnO,

sz 5, - 2Ccu* 2 4

2 3 § t&a‘.g Cu* — 2Cu IZe (1) (03)
24 m g& ¥+ 40 - SO + 8H' + 8e eeee(2)  (03)
, + & B

+ 5 OR.
¢ S Mm@ | |
- ‘—E"‘ 2Cu* + S + 4H,0 — 2Cu* + SO& + 8H' + 108 -—-- (3)

- @ 2(MnO4 '+ 8H'" + be —  Mn?* + 4H:0) : (4} (03)
D @) + @ |
e 2Cu™ + 82 + 2MnOs + B8H' — 2Cu* + SO& + 2Mn® + 4H0 (05)

; (\p \% OR '
é‘) ) Cu:S + 2MnOs + 8H' — 2Cu® + SO, + 2Mn? %
*
‘ (If only this equation 15 written award the full 14 marks)
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’_’f e -

Reaction of CuS with MnOy4

5S* + 4H.0 — SO& + 8H° + 8e) cmmemenee(5)
8MnOs + B8H* + Be — Mn®* + 4H0) — '

(5)+ (6) | |

582  + 8MnOs + 24H* — 5S04 + 8Mn* +: 12H0 (05)
OR

_ (5CUS + 8MnOs + 24H* — 5CuSO4 + 8MnZ* + 12H.0

Reaction of Fe?* with MnOs

5(Fe** — Fe** + @) S— (7 (03)
MnOs + 8H* + 5e — Mn?* + 4H.0 SEN— )|
7y +(8)

@m’- + 8H* - Mn* + 5Fe® + @ . (05)

9 (bXi): 27 mal_'ks
OR '

Reaction of Cu* with MnO4

B(Cu* — Cu* + @) ——(1) (03)
MROs + 8H*  + Be — Mn? + 4H0 - (2a) (03)
{1a) + (2a) o _
5Cu* + MnOs + B8H® — 5Cu2 + MnZ + 4H:0 o (05)
Reactio'n of 8% with MnOy

5(SE  + 4H,0 — SOZ + 8H + 8e) e (5) (03}
8(MnOs + BH* + b5e — MnZ + 4H0) e (6)

(5)+ (6) _

5% + 8MnOs + 24H* — 5SO&Z + 8Mn% + 12H0 © {05)

Reaction of Fe?* with MnOs

5(Fe* — Fe* + e) I @) (03)
MnOs + 8H" + 5e¢ - - Mn* + 4H0 S

{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. .
9 (b)(i): 27 marks

E
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(ii} Based on the answers to (i) above, determine the molar ratio between,
1. Cu,S and KMnO,
n. CuS and KMnO,
HI. Fe2* and KMnO,

! Molar ratios

Fe? =  (05x3)

- CuzS 1 : us = 5 5
MNOs 2 ' MnOs 8 MnO4 1
OR _
CwsS: MnOs = 1: 2 CuS: MnOs =5: 8 Fe?*: MnOs = 5: 1

9 (b)(ii): 15 marks

© ({ii) Calculate the percentage by weight of Cu,S in X. (Cu = 635, S = 32)
x | |et the number of moles of Cu=S and CuS be ni and nz respectively
' ~inthe 1.0 g of sample X |

| Molar mass of CuzS = (2 x 63.5) + 32 =159 ‘ (02)
o | Molar mass of CuS =635 +32 =955 . (02)
| 159n; + 95.5n; =1.0 [ (9) (02)
| Moles of Fe reacted = &= x 35.0 (02)
‘ Mol ofMCS‘ ' '—0-3-5-><350x— ' | 02
i es e ~ 1000 (02)
1 Moles of MnQ4 reacted with CuzS and CuS ,
=228 ,01000 — 22 %350 (04) =)
1000 1000
| = 0.016 — 0.001 (02)
| ) =0.015mol (02)
] Based on moilar ratios
| Q _
: ™~ g
| g 2m +gnz =0015 ——CT1) _ (02)
| (9) + (10) ‘
8 8 (1-159n1) | |
- n — . . o
N 2 + 5 ess . T 0.015 | _ (0-2)
LY
%\p 2x5x95.5n; + 8(1-159m) = 0.015x95.5x5 -
955n; + 8- 1272n, =7.1625 | ' |
317n=0.84 '
nm  =0.0027 - o (02)
Weight of Cu;S = 0.0027 x 159 ¢ ' (02)
=0.43¢g o ' (02)
%CuS =‘-’;“—3x1ao S T (02)
=43% (03)
9 (b)(iii) : 33 marks
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. OR
24 — 0.15
Moles of Fe = X 35.0 (02)
Moles of MnO." remaining = %‘)—10—55 X 35.0 X 3— : . (02)
Moles of MnO. added =222 X 1000 o (02)

Moles of MnQ4 reacted with Cu:S and CuS

0.16 0. 15
—leOOO - 10—0><350x— (02)
=0.016 - 0.001 : (02)
=0.015 mol ' ' (02)
Consider the masses of Cu,S and CuS to be p and q respectively.
p+.qg =10g  —eeeeeee—e— (9a) (02)
Molar mass of Cu;S = (2 x63.5) +32=15¢ (02)
Molar mass of CuS =63.5+32=05.5 (02)
2p 8¢ _ ' '
5o ss%s 0.015 oo emnmenamen(10@) (02)
- From (2a) & (10a)
2p 8P _ ' ‘
=t sssxs " 0.015 , _ (02)
2p x 5 x 955 + 8 x 159(1-p) = 0.015 x 5 x 159 x 95.5 - (02)
955p — 1272p = 1138.84 — 1272 7 , (02)
317p = 133.16
_ 13316  _
T a7 0.42 | (02)
% CusS =22251000 (02)
= 42% . | (03)
9 (b)(iii) : 33 marks
OR

Let the number of moles of Cu;S and CusS be n; and hz respectively inthe 1.0 g of X
5Cu* + MnOs + B8H* — BCu® + Mn* + 4H:0

552 + 8MnOs + 24H* — 5502 + 8Mn* + 12H0

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

Moles of MnOs added = f—o’-‘% x1000 = 0016 W03
Moles of Fe?* reacted = %53 % 35.0 = 0.005 02} ©3
Moles of MnO4 remaining = Ioa%% X 35.0 x > =0.001 ez ©3
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Moles of MnOs reacted = 0.016 - 0.001

Molar mass of CuzS = (2 x63.5) + 32 =159

Molar mass of CuS =635+32=95.5

1590, + 05.5Ry =1 eeecieemmmeee (1)

Moles of Cu™ = 2nq

Therefore, moles of MnOy reacted = 2n;

, 5
Moles of S =y + m2 _
Therefore, moles of MnO. reacted with > = 8(ns + ny)
Therefore, total moles of MnO4 reacted = 10n: + 8n
: | z
(10n;_+ 8ny) mol =0.015 mol
5 -

10n; + 8ng =0.075 MOl —mermmemmmmemee (2)

(1) x8—- (2)x985.5

1272 ny— 955 ny =8-7.14

317n; =086 Therefore, ny = —o

. 317

Therefore, moles of Cu,Sin1g = %f—f

Mass of Cu,S . =0.86 x 1594g

% of CuzS =22 %159 x 100%

= 43%

Note: A final answer between 42- 44% can be accepted.

= 0.015 . 82 63
(02
(02)
(02)

(02)
(&)

(02)

(02)
(02)
(03)

9 (b)(iii): 33 marks

9(b): 75 marks

10, (@) The following questions are based on the properties of titanfum dioxide (TiO,) and its manuofacture

carried out by the "Chioride Process™.
(i) Name the raw materials used in this process.

Rutle / [Fe 0. Ti0s4.
Coke
Cly
;.
O / M

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

10 (a) (i): 08 marks
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(ii) Briefly describe the manufacfuriigig proéess of TiO, giving balanced chemical equations where

applicable.
Removal of water at 200°C/300°C (02)
Heating of rutile and coke mixture at 900 °C / 950 °C (02)
TiOa(s) + C(s) — Ti(s)+CO2(g) -—-(A) : (03)
- Stream of chlorine is passed over mixture of rutile and coke - (02)
Ti(s) + 2Clz(g) — TiCls(g) —eme(B) (03)
OR |

Reactions (A) and (B) can be commbined.

TiOs(s) + C(s) + 2Cl—> TiCls(g) + CO(g) o (08)

For three descriptions above ' (02 x 3)

: After removal of dust particles, TiCl, gaseous mixture is cooled and
fiquid TiCly is separated. ' - (02)

Note: Gaseous and liquid need to be stated for award of 02 marks. -

Oxidation

TiCl, is reacted with oxygen and TiOz is regenerated.

TiCla(g) + Oz(g) — TiO2(s) + 2Cl(g) o | (03)
Cl; is re-used in chlorination. : _ (02)

Note: Physical states are not required for award of marks for equations.

10 (a) (ii): 19 marks

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

s White colour — as a pigment in paint, plastic goods and papér, paper
¢ High refractive index — as a pigment
e Chemically inert — as a pigment in medicine and toothpaste

» Prevents the reach of UV rays to skin — produce substances to prevent .
. Af oD Ot

sunburn dé
; ' . o i
- UV absorhtion 7 Proton accepter =5 Solar Pane f/ A ﬁgaﬁi!@ﬂ
: _ Any three properties (02x3=06) D, e
- s UBedhs Dhot ocdekic | ' kR
‘)c_(e 4y - One use for each property (02 x 3 = 08)
‘:3_%5{);:(} zﬁf} cjifJ afﬁ'}:’r 68 f{”Hﬂ C!Eﬁ"\;"“j ‘ . 10 (a) (iii): 12 marks
LgS o) B el esigs - '

~d -
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(iv) If you were to consider establishing a2 TiO, manufactunng plant in Sri Lanka state three
requlrements that need to be fulfilled.

 Availability of raw material

» Capitol

» Labour force

«  Technology

« Storage conditions

¢ Minimize environmental poliution
e Transport facilities

¢« Waste product management

- Any three {02 x 3 = 06)
. or- '
any other reasonable answer approved by the chief examiner.

10 (a) (iv): 06 marks

(v) Does the manufacturing process described in (ii) above contribute to global warining?
Justify your answer. : '

Yes. - | (02)
CO:q is produced and given out to the environment in the , ,
oxidation of coke ' _ (03}

10 (a) (v): 05 marks

10(a): 50 marks

(5 Currently, global warming due to change in greenhouse effect is significantly greater than that.
before the industrial revolution. '
(i) Explain bricfly what is meant by greenhouse effect.

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

10 (b) (i 06 marks

(ii) Tdentify the major environmental problem that occurs duc to global warming.

Climate change _ g (03)

or any secondary effect of climate change e.g. sea level rising, glacier meltmg,
change of weather pattern
10 (b) {ii}: 03 marks
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(i) State two main natural gases that contribute to global warming.

COs, CH4, and N2O ' o Any two (03 + 03)
10 (b) (jii): 06 marks

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

CQO-- Action oQaerob bacteria on organic substances/ plant materials/ and
‘animal materials - -

CHy- Action of anaerobic bacteria on orgamc substances/ materials
e ——— x

NO- Actlon of bacteria on ammonia/ nitrogen femhzers(urea)l and nitrogen
containing substances.

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

CFC, HFC, HCFC

F T FoF
e C—Cl F—C—H .F——(|:—-(l;—H
a cl E: ;!1
cFC - HCFC HFC

Any two (03 for class +03 for the structure}

{03 x 4 =12 marks)

o marks for the structure if the class is wrong

Note In addntlon tfo these compounds award marks for the following structures on each

class.

CFC - Any saturated organic compound that contains one or two carbon atoms with only Cf
and F atoms '

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

HFC -Any saturated organic compound that cqntains' one or two carbon atoms with only
one hydrogen atom and others are F atoms. '
| 10 (b) (v): 12 marks
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(vi) Select one class of compounds from the two classes you stated in (v) that contributes to the
catalylic degradation of ozone in the upper atmosphere.

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

(vit) 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 leamt. C

R_ec_iuction of Global warming (01): Due to the reduction of emission of
. CO2(01) because of reduction of fossil fuel burning (02) due to Iimitation of
industrial activities (01) and transportation {01).

" Reduction of acid rain (01) : Reduction of emission of §0;(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).

NG
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

02 - Chemistry (Marking Scheme) New Syllabus 1 G.C.E. {A/L) Examination 2020 | Amendments to be included. .



Department of Examinations - Srilanka Confidential

(c) The following questmns are based on the.polymers given beiow

- 'Polyvinyl chlotide (PVC), Pclyethylene (PE), Polystyrene (PS) Bakelite,
Nylon 6.6, Polyethylene terephthalate (PET), Gutta percha
(i) Draw the repeating units of four of the above polymers

Cl

PVC —GHZC_— CH—-)~
PE —(cr&z ——CH, ~>-
PS - -<‘CH§_-——-CH ——}

) o
I

Nylon 6,6  —-NH—(CHas —NH—— G = (CHy)y=—C-

Ay

[@ Jnwierd 8]

PET

CH,

Guita percha

\CMC/
VAN

CH, O CH

-

Note: Brackets are not required for award of marks.
"If"n" is included in a structure do not award marks for that structure.

Any four : (02 x 4 =08)

10 (c) (i): 08 marks
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(iiy Categorize each of the above se\?en (7) polymers as either,
I. natural or synthefic polymers.
- II. addition or condensafion polymers.

| - natural/synthetic Il - addition/condensation

PVC synthetic ~ addition

‘PE synthetic | - addition

PS - synthetic " addition

Bakelite synthetic condensation

Nylon 6,6: o synthetic condensation

- PET ~ | synthetic condensation

Gutta percha natural addition
For I — Any 6 | (02 x 6 =12)
Foril— Any 6 (02 x6=12)

10 (c} (ii): 24 marks
(iii) Name the two monomers used in the formation of bakelite. :

phenol and formaldehyde

or Q and HCHO | |
OH (02 x 2 = 04)

10 {¢} {iii}: 04 marks

(iv) Polymers can be grouped into two ca_tegaﬁes based on their the_:i‘mal properties. State these
. two categories. Write to which of these categories PVC and bakelite belong. '

Thermoset polymers | _ - | (02)
Thermoplastic polymers - _ ‘ (02)‘
Bakelite - thermoset polymer (02}
PVG - thermoplastic polymer (02)

10 (¢) (iv): 08 marks

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

PVC : pipes to supply water, seat cover, electric wire covers
PE food wrapping, garbage bags
PS stylofoam cups, rigiform, insulating materials, packing
| materials
Bakelite heat resista'nt,parts for electric utensils, insulating
‘ materials ,
Nylon 6,6 clothes, fishing nets & lines, tyre threads
PET botties '
Gutta percha insulation, permanent tooth fillings, golf balls
Any three (02 x 3 = 06)

10(c) (v): 06 marks
10{c): 50 marks
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