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40.

(@ N,

(¢) N, 1s oxidized during industrial fixation.

Which of the following siatements is/are eorrect with regard to the mtrogen cycle?
in the atmosphere is fixed only by atmospheric and industrial fixation.
{#) N, is reduced during atmospheric fixation.

(d) Nitrates and nitrites formed during atmospheric fixation are utilized by plants to make proteins
when the rainfall deposil them on the ground.

In question Nos. 41 to 50, two statements are given in respect of each gquestion.
From the Table given below, select the response out of the responses (1), (2}, (3), (4) and (5)

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

Response First Statement

Second Statement

True, and
True, but
False
True
False

True
True
‘rue
False
False

correctly explains the first statemnent
does mot explain the first statement correctly

43

45

46.

47,

48.

49.

50.

First Statement

Second statement

41,

BaCQ, is more thermally stable than MgCO,.

Polarizing power of group two cations decreases
down the group.

42,

The lone pair of electrons on aitrogen in an
amine has a lower tendency to form a bond
with H*, than the lone pair of electrons on
oxygen in an alcohol,

A reaction at equilibrium can be driven forward
(i.e. shift of equilibrium point to the right) by
adding a catalyst.

Nitrogen is less electronegative than oxygen.

-

The catalyst provides a pathway with a low
activation energy only to the forward reaction.

Cogw and SO%‘ions have similar shapes.

have

Centrel atoms of both C{}%' el .‘ili,‘.l:-':'

lone pairs of electrons

The boiling point of CH,CH,CH,OH is higher
than the boiling points of U—Iq(,H CHO and
CH,COCH,

The carbon oxygen double bond is stronger
than the carbon oxygen single bond.

A reaction occurring spontanecusly in an
isolated system always has a negalive Gibbs
energy change.

A process in an isolated system: cannot be
changed from outside

Comunonly used scap contain the sodium or
potasstum salts of farty acids formed by the
reaction of NaOH or KOH with oils and fats.

The reaction of an ester with aqueous NaOH or
KOH gives the sodium or potassium salt of the
carboxylic acid and the alcohol.

C H;Br does not react easily with NaOH to
form CH,OH.

The phenyl carbocation is very stable.

When an agueous solution of a weak acid is
diluted. both the fraction of dissociated acid

Dissociation of weak acid molecules occur in
such a way that the acid dissociation constant

molecules and pH of the medium are increased. | K, remains constant.

|In the presence of sunlicht CO, is fixed in

| green plants.

| Increase of CO, Ievel in the atmosphere cannot
| be controfled by green plants.

it
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( .
PART A — STRUCTURED ESSAY
Answer all four questions on this paper itself. (Each question carries 10 marks)

I1. (a) State whether the following statements are true or false, (Reasons are not required.)

(i) The polarizability of halide ions increases with increasing size. L True. .
(ii) The O—N—O bond angle of NO, is greater than that of NOj. 114 ...
(iii) London dispersion forces among CCl, molecules are smalier than False

the London dispersion forces among SO, molecules. rayay
(iv) The shape of the HSO, iun is trigonal bipyramidal. . False
(v) All 3d atomic orbitals of an atom are represenied by quantum False

numbers (n, [, m)} 3, 2, 1.

(vi) The addition of an electron to a gaseous phosphorus etom is an

exothermic process whereas for a gascous nitrogen atom it is _.True
endothermic.
(v=True X =False can be accepted.) (04 marks x 6 = 24)

1{a) = 24 marks

{p) (i) Draw the most acceplable Lewis structure for the molecule SE,N.
T Fe
. (08)

] —

[=5

(R

(i) The most stable Lewis structure for the molecule C,0, (carbon suboxide) is shown
below. Draw another two Lewis structures (resonance structures) for this molecule.

(Note: Marks will not be awarded for Lewis stroctures drawn with octet Tule violated.) |

Q o 5 5
O=C—C=C=Q =—> O=C—0C=C—0"
o __.i? - — @ ®
Q=C=C—C=0 o=c—c —G=0
A ®
10— C=—=C—C=0

{(any two) (07 marks x 2 = 14)

(resonance arrows are not required for award of marks}

02 - Chemlstry (Marking Scheme) | G.C.E. (A/L) Examlnation 2018 | Amendments to be included 13
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{(iv) In each of the following instances, give a balanced chemical equation 10 indicale the
action of Y.

I. Y as an oxidizing agent

2Na(s) + 2NHs{l) ——>  2NaNHafs) + Ha(g)

3Mg(s) + 2NHs(l) ——> MgsNafs) + 3Ha(g)

6Li(s) + 2NH3(l} —> 2LiaN{s} + 3Ha(g)

{Any one) (03)
II. Y as a reducing agent

3Cly{g) +2NHs(g) Na{g) + BHCI(g)
3Clx{g) +8NHs(g) Na{g} + 6NH.CI(s)
3Cl{g) + NHa(g) NCla(1) + 3HCl{g)
3Cu0(s) + 2NHs(g) Na(g) + 3Cu(s) + 3H:0(g)

30,(g) + 4NHaz(g) 2N>(g) + 6H.0(H

AR A

50.(g) + 4NHs(g) 4NO(g) + 6H:0(l)

(Any one) (03)

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

(v) Consider the hydrides of the elements in the group to which X belongs, which are
anatogous to Y. Sketch the variation 1n boiling points of these hydrides (including Y}
in the graph below. In your sketch indicate the hydrides using their chemical formulae.
(Note: Values of boiling points are nol required.)

A
Boiling
point ShH; 101)
NH; ':""'BHII:I
(01)
PHs (01}

Note: Shape (02). Shape needs to be correct for award of marks for labeling.
(i.e. Max. SbH3; Min. PH3; In between NHs)

(vi) Give reasons for the variation in boiling points in parl (v) above.

As molecular mass / size increases, bmlmg point increases. {DE}
" But with NH3, bonhng pomt is hlgher than expected because
~"of H-bonding between NH; Hd’l'eéiiié’s' """"""""""" {03)

02 - Chemistry [Marking Scheme) | G.C E. [A/L) Examination 2018 1 Amendments to be included. 16
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(vii) 1. Write what you would observe when an excess of an aqueous solution of Y is
added to a sohuion of A12(804)3.

white precipitate / white gelatinoys.precipifate .. ... {03)...
II. Write the chemical formula of the species that gives rise to your observation in
part 1 above.
o AU s e {03)...
(viii) Give one chemical test to identify Y.
Test: .. Testwith Nessler's reagent (03)
) Brown precipitate / Brown coloration (03)
Observation : At b g o v wm e S i A i
OR
Test with HCl vapour (03)
White fumes (03}
OR
Test with red litmus (03)
Red litmus turns blue (03}
OR
Add to a solution of Cu(ll} ions (03)
Deep blue colour solution (03}

(ix) Z is an oxo-acid of X and a strong oxidizing agent.

1. Mendfy Z. " .HNO3 OR Nitricacld. .o (03)
II. State the products obtained when hot concentrated Z reacts with sulpimr
H2504(1), NO2(g), H20(l) (01+01+01)

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

Note: physical states are not required.

2{a) = 60 marks |

(b) A and B are compounds of two p-block elements that belong to the same group in the
Periodic Table. A exists as a colourless, odourless liguid at room temperature and atmospheric
pressure. It is also found in the gaseous and solid states. The solid state of A is less dense
than its liquid state. Ionic and polar compounds are readily soluble in A.

B is 2 colourless gas at room temperature and atmospherie pressure. A filter paper moistened
with lead acetate turns black on treatment with B.

(i) Identify A and B.

A- H20 B- H25 {04 + 04)

— —_—

02 - Chemistry {Marking Scheme) | G.C.E. (A/L) Examination 2018 | Amendmentsto be included. 17
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(i) Sketch the shapes of A and B showing lone pairs of electrons where necessary.

Q& QL
0 s
7 H H/ \H
A B (03 + 03)

(iii) Giving reasons, state whether A or B has the larger bond angle.

Oxygen is more electronegative than suphur. (01)
Therefore, bonding pairs of electrons are located cleser to

the oxygen atom in H20, than to the sulphur atom in H3S. {01)
Therefore, repulsion of bonding electron pairs is greater

in H20 than in H2S. (01)
Bond angle of A/H»0is greater than bond angle of B/H2S (02)

(iv) In each of the following instances, give a balanced chemical equation to indicate the
action of A.

I. A as an acid: Hz20{l} + NHs{aq) == NHs*(aq} + OH(aq) {OR NH;OH{aq)} (03}
OR
2Na(s) + 2H20(l) ——= 2NaOH(aqg) + Ha{g}
(OR any other metal that reacts with water liberating Ha)

(Note: —> accepted)

II. A as a base:  Hz0{l} + HCl{aq) —> HsO*(aq) + CI{aq) OR (03)
H20(l) + CHaCOOH(aq) —> H3O*(aq) + CHiCOO-(aq)

(v) Write the balanced chemical equation for the reaction of B with aqueous lead acetate.

Pb(CH3COO)2{aq) + HS(g) —> PbS{s) + 2CH:COOH(aq) (03}
..................................................................... (.OR..ZCH-st:OO_.._I_. .2H+).. PR

{vi) 1. Write what you would observe when A and B are added separately to an acidified
solution of BiCl,.

with A {excess) - white precipitate / white solid/ white turbidity {03}

with B - black precipitate {03)

[, Write balanced chemical equations for your observations in part I above.

BiCls(ag) + H:0{} Z=2 BiOCl(s) + 2HCl({aq) {03)
(s G SRR
 2BiCla{aq)- + -3HaS(g) - v BigSa(5} - b os BHEHAQ)- - +-evevervemereesmrienncnns {03)

Note: Physical states are not required for parts (iv}, (v}, (vi)

2{b) = 40 marks

02 - Chemlstry {Marking Scheme} | G.C.E. [A/L} Examination 2018 | Amendments to be included. 18
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f

3. The reaction A + B = 2C + D (elementary in both directions) was carried out at 25 °C. Initially, the
reaction mixwure was made by dissolving 0.10 mol of A and 0.10 mol of B in distilled water {total ,
volume 100 .00 cm®). Variation in the concentration of A in this solution with time is shown in the

h.
< concentration (mol dm™)

1_,,\i .LM
0
-

4N 60 #0100
(i) Calculate the amount of A (in moles) reacted during the first 4.0 minutes of the reaction.

T Lot

time (min.)

Initial amount of A = 0.1 mol

Concentration of A after 4.0 min =0.75 mol dm™

Amount of A reacted = {0.1 - 0.75)x100x10? moi (04+01)
= 0,025 mol. (04+01)

(if) Would the rate of the forward reaction be less than the rate of the reverse reaction after
40 minutes? Explain your answer.

LT U U PP OOO SR YPR PP PPRTRSR TR (05)
Forward and reverse rates wili be equal after 4.0 min.
OR The reaction has reached the equilibrium. (05)

(iii) Given that the rate constant of the forward reaction (kg is 1857 mol~! dm? min,
calculate the initial rate of the forward reaction.

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

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

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

(iv) Calculate the concentrations of C and D at equilibriom.
Draw the relevant curves showing the variation of the concentrations of C and D with time

in the above graph and label them.

_Concentration of C, at equilibrium. .. ... = 2%0.025.000l£(100.00.x.103 dm?). . ....coooenn (02+01)

= 0.50 mol dm™® {02+01)
‘Concentration of O at equiibricm ™" 25,025 WOl (TO0.00xX0= dms) T (0240a)
R e e e o S R vl =025 Mol M e e {02+01)

02 - Chemistry {Mar;ing Scheme) 1 G.C.E, (A/L) Examination 2018 1° Amendrnents to be included. 19
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Conc. {rol g2 )
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|
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(04)
(04)

Note : Do not award marks if the curves do not become flat after 4.0 min, if the curves do not reach
the respective concentrations at 4.0 min, if the curves for Cand D are not labeled and if the curves do
not start from zero.

(v) Write the expression for the equilibrium constant K of the above reaction and calculate its

value,

......................................... [A-]-..[.B.]....-.......---..-....--..v..,-..-..-.... aemama

B O ey e rrrr e yEerrrv-r SNSRI

(vi) Calculate the value of the rate constant (k_....) of the reverse reaction.

2
{Equilibrium constant), K, = [c]” (D]

111x10~ Vmoldm=3

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

k, = 1.67 X 10°mol~2dmSmin™?

e JBET O dntmin L

{05)

............ (0i61)

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

(vii) After reaching equilibrium, the volume of the solution was doubled by adding 100.00 cm’
of distilled water. Predict the direction of the met reaction soon after doubling the volume

of the solution, by means of a suitable calculation,

New concentrations,

[A] = 0.75/2 mol dm3, [B] = 0.75/2 mol dm?, [c] = 0.5/2 mol dm?, [D]= 0.25/2 mol dm™

Rate of forward reaction,

R: = 18.57 mol™ dm®min™ (0.75/2 mol dm3)? (05+01}
= 2,61 mol dm™ min™!
Rate of the reverse reaction,
R, = 1.67x10% mol? dm® min {0.5/2 mol dm3)?(0.25/2 moal dm™*) {05+01)
=1.30 mol dm™ min™
Re>R, Net reaction occurs in the forward direction. (03)
Alternate answer ;
(22 mol dm'ﬁﬁ% mat dm™?)
Q B r_@ mel dm~3}= T
Q = 0.056 mol dm™3 (05+01)
Q < K, therefore, the net reaction occurs in the forward direction. (03)
02 - Chemistry (Marking Scheme} 1 G.C.E. (A/L) Examination 2018 | Amendments to be Included, 20
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(viii) Consider that the above experiment was conducted at a temperature lower than 25°C. How
would this affect the rate of the reverse reaction? Explain your answer giving reasons.

Rate of the reverse reaction will decrease (01)

T s e e R TR T o R B ot e et oy P L I

the Traction of molecllés having sufficiént energy to ovércome the dctivation energy barrier ™™

T O PRS- % IR = T TR ORI, - JUSHIE Y = B {02)-

and

the collision rate decreases. (02)
Q3 = 100 marks

4. (@) (i) Compounds A. B and C are structural isomers of each other having the meolecular
formula C;H,,0. All three compounds give yellow-orange precipitates with 2, 4-DNP.
None of them give a silver mirror in the silver mirror test. When A, B and C were
separately reacted with NaBH,, compounds D, E and F respectively were obtained.
Only E and F showed optical isomerism. When B and C were separately reacted with
CH,CH,CH,MgBr followed by hydrolysis, compounds G and H respectively, were
obtained. Only G showed optical isomerism. Draw the structures of A. B, C, D, E, F,
G and H in the boxes given below. (Il is mot necessary to show stereoisomeric forms.)

CHyCH~——C——CHs
CHaCHZ-—‘C—CHcha ' CHacHchg"——C_CHJ
CHq
A B C
TH h OH |
CH3CH,—C—CH,CHy CHyCH—— C——CH, CHaCHoCHy———GC——CHg
l CHy, H | H |
D E F
: a ' o | Note: C3Hy can be accepted
I T | in place of CHaCH2CHz. CzHs
CHEH——=G——Chy CHyCHCHy——(——CHs can be accepted in place of
CHy  CH,CH;CH; CHyCHACH, | CHsCH:z.
G H

Note: A.B. C should be correct to award marks for D. E. F (05 marks x 8 = 40 marks)

B, € should be correct to award marks for G, H
(ii) Draw the structure of the product of the following reaction.

GHLCH
A (1) 2,4-DNP N ISR
(2) dehydration CHLCH, {05)
My
Note : Lone pairs are not necessary. Award mark if B or C is used instead of A,with the .
correct corresponding product. 4.(a): 45 marks

02 - Chemistry {Marking Scheme) | G.C.E. (AfL} Examination 2018 | Amendments to be Included 21



Departrnent of Examinations - Sri Lanka Confidential

(b) Draw the structure of the major organic product in each of the following reactions.

. H, /Raney Ni O

iy CH 1

W Cotle 150 °C (04)
.. Br, water o B (04)
(1i) C6H5—NH2 x

(1) aqueous NaOH 0

il 04

LS (2) dehydration CH_-,CH:CH—-(I_{—H (04)

. b © H,PO
(iv) CH,—N,Cl - © (04)

aqueous NaOH ﬁ
(v} C,H,CONH, A CH—C—ONa® (04)
P——
(+) CH,CHe=CH, conc. H,SO, — CH3— CH——CH, (03)
! 050;H
(vii) CH,COC] NH, . GHy—E— i, (03)
PC 2
(viiy C,H,CO,H 5 Csz—-y:-—Cl (03)
(i) C,H.OH H*/KMnO, CH,E00H (03)
| OH
(x) C,H,COCH, HCN | (03)
CN

(i) strcture showing hydrogens on O can be accepted.
(iif) CHsCH=CHCHO can be accepted. No marks for CH;CH=CHCOH
@iv) @ can be acepted

(v) Charges on O and Na are not required for award of marks. No marks if given as
O—Na

(vi) OSG,0OH can be accepted
(vii) CH;CONH, can be accepted.
(viil) C;HsCOCI can be accepted.
(ix) CH;CO,H can be accepted.

4(b): 35 marks

02 - Chemistry {Marking Scheme) | G.C.E. {A/L) Examination 2018 | Amendments to be included. 22
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Cl——Cl B - T (04)

SY '

cl o+ ?—QH;, —_— HCl + CHj (08)

nq N ,-\ﬁ L]

CHy + (i Cl - CH,Cl + C {08)

OR {for third step)

. . 02

CH; + pm - CH,Cl (02)
4.(c): 20 marks

Note: if no half arrow are drawn, deduct (01) mark once in each line.

Radical needs to be shown for award of marks.
Mark each step as an independent step.

02 - Chemlstry {Marking Scheme} | G.C.E. (A/L) Examination 2018 | Amendments to be Included.
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PART B - ESSAY
Answer {wo guesiions only. (Each question carries 15 marks.)

3. (a) Consider the following reactions.
M(CO,),-nH,0(s) — M(CO,),(s) + oH,0(g)
M(CO,),(s) = MO,(s) + 2CO,g)

A small amount (0.10 mol) of M(CO,), nH,0(s) is present in an evacuated rigid container of
volume 0.08314 m?®. The temperature of the container was raised to 400 K. The metal carbonate,
M(CO,), does not decompose at this temperature but the erystalling water evaporates completely.
The pressure of the container was measured to be 1.60 x 10* Pa. Volume occupied by the solids
is negligible.

Determine the value of ‘n” in the formula M(CO,),.nt,0(s).

M(CO3)2.nHZ0 {s} =2 M(COs)a{s) + n H:0(g)
M{CCi)a(s) = MO; (s) + 2C0:(g)

The amount of M{COs}2.nHz0 used = 0.10 mol
Water is completely evaporated.

Using PV=nRT, {05)
_ 1.60x10*Pa x0.08314 m?

MH20 = g314 Jmol~1K~1 x400K (04+01)
=0.40 maol {04+01)

0.1 mol of M{CO3}2.nH,0 (s} has generated 0.40 mo! of H,0. Therefore, n=4 (04+01)

S {a) = 20 marks

(b) The temperature of the above system was then increased to 800 K. It was observed that some
amount of the solid metal carbonate is decomposed and is in equilibrium with the gas phase. The
pressure of the container was measured [0 be 420 x 10 Pa,

(i} Calculate the partial pressure of water vapour in the container at 800 K.
Partial pressure of H20 at 800 K,

— TH20RT
Przo = v
. 0-4mol xB.314 Jmol™1K~1 x800 K (04+01)
0.08314 m3
=3.20x 10" Pa (04+01)

Alternate Answer (1
Total pressure at 800K, Pt = 4.20x 104 Pa
4,20 X10* Pa %0.09314 m>

Total number of moles nr = 04+01
T 8314 Jmol 1K1 80D K { )
=0.525 mol
Partial pressure of water =Puz =PrXuo
=3.20x 10" Pa (04a+01)
Alternate Answer 02
Because V and nuo are constant, at 800 K,
partial pressure of water = Pyzo =2 X 1.60 x 10°Pa {04+01)
=3.20x 107 Pa {04+01)
Oz-aemistrv(l\.‘larking Scheme) | G.C.E. (A/L) Examination 2018 | Amendments to be included. | 24
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(i) Calculate the partial pressure of CO, in the container at 800 K.

Partial pressure of CO, at 800K,

Peo2 = Peotat = Pyao
=4.2x10% Pa —3.2x10° Pa (04+01)

= 1.00x10* Pa (04+01)

(iif) Write an expression for the pressure equilibrium constant, K, for the decomposition of
M(CO,),(s). Calculate Kp at 800 K,

Kp = P?coy (05)
Kp = {1.0x10" Pa)? = 1.00 x 108 pa? {04+01)
(iv) Calculate the molar percentage of the metal carbonate decomposed at $00 ‘K.
Initial amount = 0.10 mol
Amount of CO; generated = neoz
I Peo2V
€02 RT
1.0x10*Pax0.08314 m3 3.2 x10%Pa 0.4
Moz = ——— oo = (04+01)
8.314 ] mol~1K~1x800K 1.0x10* Pa  ngoy
fcoz = 0.125 mol
Amount of M(COs); decomposed = % amount of CO; generated.
0.0625 mol
mol % of M(CO3), decomposed = o10ma X 100 (03}
=625% (02)

(v) Enthalpy change (AH) for the decomposition of the metal carbonate under the above
conditions is 40.0 kJ mol™!. Calculate the corresponding entropy change (AS).

Systern is at equilibrium, therefore AG = 0. (05}
AS = AH
B v 3 1
40.0 X10 -
AS = mo (04+01)
800K
A5=50.0)Jmol? Kt OR 0.05 kJ mollK? (04+01)

Note: AS?, AH? cannot be accepted.

(vi) Suggest twe ways to drive the decomposition reaction of M(CO,),(s) in the forward
direction.

(05)
(05)

Increase temperature
Remove CO;

[_5 (b) = 65 marks
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{c) With the aid of thermochemical cycles and the data given in the table, answer the following

questions.
Species Standard enthalpy of formation (AH‘;.) (kJ mol™")
M(s) 0.0
M(g) 800.0 !
Ofg) 0.0 |
| O 249.2 B |
| MO(gy | —400.0 |

(i) Given that MO(g) + b 0,(g) = MO, AH® = —50.0 kJ mol™?, calcuiate the standard
enthalpy of formation of MO(g).

AHY
M(s}+Oa(g) ————> MO(g) +7% Oafg)
"._.- ‘_,."
AH' = - 400,0 ki mal? /A= 5001 mot
] /!
MOx(g) (02+02+02 =06)

Note : To award marks for the cycle, reactions must be balanced and physlcal states must be given,
s

Standard formation enthalpy of MO{g), AH%
= {-400.0 + 50.0) kJ mol (04+01)
=-350.0 k) mol? (04+01)

(ii) Calculate M-O bond dissociation enthalpy in MO(g).

AHS
% 0:(g) +MO{g) — > M(g) +0(g) + % O0:g)

I 4

|
ﬂH"1 = IS0 01 k) molk | | ﬂ.Hr'_a 2492 ki mal!

|

L AMY, = BO0.O K molt !

M (s) + Oz(g) _— M(g) + OzAg)

{02+02+02 +02 = 08}
Note : To award marks for the cycle, reactions must be balanced and physical states must be given.
MO bond dissociation enthalpy change = AH,°
AH,%= (350.0 + 800.0 + 249.2) k) mol* (0a+01)
=1399.2 kl mol* (02+01)
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(it)) Calculate M-O bond dissociation enthalpy in MO,(g).

AH,°
MO2({g) Mg} +20(g)
| h
|
AH" = 400.0 kI mol ! | [ AH%=2x249.2 K mal?
|
¥ AH®% = 800.0 k) mol |
M (s) + O:(g) —_— M(g) + O:(g)

(02+02+02+02 =08)
Note : To award marks for the cycle, reactions must be balanced and physical states must be given.

AH,°= (400.0 + 800.0 + 2 x 249.2) kJ mol? {04+01)
=1698.4 kI mol?
MO bond dissociation energy in MO, = % AH,? = 849.2 kI mol! (04+01)

(iv) By means of 2 suitable calculation, predict whether the reaction, MO,(g) - MO(g)+ 2 O,8)
is spontaneous under standard conditions and 2000 K. Standard entropy change of this reaction
is 30.0JK™' mol™!,

AG® = AH?. T AS® (03)

For the reaction, MOz(g) ———  MO(g) + % Oalg) at 2000 K,

AG® = 50.0x10% I mol™* ~ 2000 K x 30.0 J KX mol (04+01)
=-10000.0 | mol* = -10.0 kI mol? (04+01)

The given reaction is spontaneous at 2000K. {02)

Note : Standard states are required for award of marks.

5 (c) = 65 marks

6. (a) An experiment was carried out to determine the partition coefficient of iodine (l,) betrween
water {A) and an organic solvent (B) which form an immiscible liquid system.
20.00 cm® of B containing ‘n' moles of 1, is mixed with 20.00 em’® of A and allowed to reach
equilibrium at toom temperature,

The concentration of I, in phase A is determined by titrating 2 5.00cm® sample drawn from
phase A with a 0.005moldm™ solution of Na,5,0,. The volume of Na,S,0, required to
reach the end point was 22.00cm’. The concentration of L, in phase B was determined to be
0.040 mol dm™3.

(i) Write the balanced chemical equation for the reaction betwecn Na28203 and IZ.

2N325203 +1; —_— 2Nal + Na,S40s
OR
25,05 +h ——p 21 +506 {10)

(11) Calculate the concentration of 1, in phase A.

22.00 cm?%0.005 mol dm ™3

Concentration of | in phase 4 = 1
ncentra of | in phase 5.0 o (04+01)

= 0.011 mol dm? (04+01)
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L]y

(iti) Calculate the value of the partition coefficicnt, K, where KD = |_|L

_ [kl _. 0.04mol dam™3

Partition coefficient, K, =
D 7 nla T 0.011mol dm™3 (Bl
(iv) Calculate the total number of moles of L, in the two phases A and B.
Kp = 3.64 (04+01)
Total number of moles of Iz
n;, = 0.04 mol dm™3 x 20.0 x 107*dm? + 0.011 mol dm™ x 20.0 x 1073dm?
2 x {04+01)
=1.02 x 107 mol {04+01)

I 6 {a) = 45 marks \

() The above experiment was repeatect under the same conditions, that is, at the same temperature.
using the same amount of I, and the same volumes, but with the addition of 1T ions 1o phase
A. The system was then thoroughly shaken and allowed to reach (.quilibrium The volume of
0.005 mol dm™ Na,$,0; soluiion required to titrale the I, in a 5.00 cmy' sample of phase A was
41,00 cm®. The concentration of I, in phase B was then determined o be 0.030 mol dm™

() Caleulate the amount of I, (molcs) expected in 500 cm® of phase A, based on the partition
coefficient for the distribution of I, between the phases A and B.

Concentration of I; in phase A (when excess | is added)

flz]a = [12]e/Kop (05}
[1,], = 0.030 mol dm™? (02+01)
3.64
= 8.242 x 10 mol dm? (01+01)
The amount of I; in 5.00 cm? of phase A=n
n =8.242 x 10 mol dm™ x 5.00 x 10 dm? (02+01)
= 4.121 x 10° mol (01+01)

{ii) Calculate the amount (moles) of L, reacted with Na,S,0, in the above titration.
The amount of Iz in 5.00 cm? of phase A, after the addition of iodide = n/
n/ = 0.005 mol dm? x 41.00 x 103 dm?® x 0.5 (04+01)
=1.025 x 10" mol {or 1.03x10* mol) (04+01)

(iity Considering the different iodine spccies present in phase A, explain why the answers
obtained in parts (b)(i) and (b)(ii) above are different,

When I" ions are added to the phase A, I; and I' combine to form 13-, (05)
When phase A is titrated with Na;$:0,, |; released from I3 is also reacted with NasS$,0s.
Therefore, n/ > n. (05)

6 (b) = 35 marks
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(¢) Liquids X and Y form an ideal solution obeying Raoult’s law.

e
II..-" X vapour phase

i \

| .,.'T'_ - to introduce lquids

5\\ _.l"r

Mg

! (liguid level)

piston to adjust the liquid Ievel

Initially only liquid X was introduced in to an evacuated rigid container as shown in the figure.
Maintaining the liquid level at [, the system was allowed to reach equilibrium at 400 K. Th
pressure of the container was measured to be 3.00x 10* Pa. The volume of the vapour phas.
when the liquid level is at / was 4.157 dm?®. Then liquid Y was introduced in to the containe
mixed with Jiquid X and the system was allowed to reach equilibrium at 400 K. The ligui

level was maintained at /. The molar ratio of X:Y in the liquid phase was found to be 1:3
The pressure of the contatner was measured to be 5.00%10¢ Pa.

(i) What is the saturated vapour pressure of X at 400 K?
Saturated vapour pressure of X at 400K = 3.00 x10* Pa. (04+01)

(i) Calculate the mole fractions of X and Y in the liquid phase at equilibrium.

i i iqui = 04+01
Mole fraction of X in the liquid phase a3 { )
= 0r0.25
fracti i iqui = 04+01
Mole fraction of ¥ in the liquid phase 13 ( )
= 41 or 0.75
(iif) Calculate the partial pressure of X at equilibrium after the addition of Y.

At equilibrium, Py =P X, (05)
= 0.25 x 3.0x10* Pa (02+01)
=7.5x%x10% Pa (01+01)

(iv) Calculate the partial pressure of Y at equilibrium.
Py = Piotal = Py
=50x10"Pa—-7.5x10°Pa {02+01)
= 4.25x10°Pa {01+01)
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(v} Caiculate the saturated vapour pressure of Y.

P.
Saturated vapour pressure of Y, P,? = X—”

¥
p _ %25x10*Pa
= 04+01
By 0.75 ( )
= 5.67 x 10%Pa (04+01)
(vt} Calcnlate the amounts (in moles) of X and Y in the vapour phase.
The amount of X in the gas phase, ny = P.V/RT
3 =33
— 7.5%10°Pax4.157x10"°m (04-I-01)
X 8314 Jmol~1 K~1 x400K
7y = 9.38 x 10° mol (04+01)
Similarly,
4 —34,3
— 4,25%10%Pax4.157%x107¥m (04+01)
y 8.314 J mol~1 K~1 x400K
ny=5.31x 102 mol {04+01)

(vi) When a mixture of the liquids X and Y is subjccled lo fractional distiliation, state which

compound would distill out first from the fractional distillation column. Give reason/s for your
AnsWweEr.

Compound ¥ can be obtained first. (05)

Y is the more volatile compound or saturated vapour pressure of Y {P% ) is high. Therefore, its
vapour comes out first from the fractional distillation column.
(05)

Note :To award marks for (vil) answers for P,° and P,° must have been calculated. Prediction

must be according to the calculated P,° and P,° values.
| 6 {c) = 70 marks |
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L

7. (a) Using only the chemicals given in the list, show how you would carry out the following conversion
CHCH,CHO —— C,H.COCH,

(-' List of chemicals
aqueous NaOH, HBr, alcoholic KOH, NaBH,, H'/KMnO,

Your conversion should not exceed 7 steps.

7 (a) NaBH, HBr
CzH5CH20HO _—""' C2H5CH20H20H . CZHSCHZCHZBr
(ignore solvent)

aicohotic
KOk

CHsCH—CH,  aq. NaOH
=T

CszcH“'CH3 ..‘_H_B..r_._._. 02H5CH=CH2
OH
Br
Reagents: 05 marks x 6 = 30
H*/KMnO,

Compounds : 08 marks x 5= 30

I _ |
C;Hs—C——CH, 7(a) =60 marksl

Note : Do not award 60 marks if there are more than seven steps. Do not award marks for
C;H5CHZCHO and C;H5COCH:.

Marking of partially correct answer

Mark from the beginning till an incorrect answer (reagent or product) is found. Mark from the
end till an Incorrect answer (reagent or product) is found. Add the marks. Do not award marks
for any isolated correct steps in the middle.

To award marks for reagent, both reactant and product have to be correct.

(b) Identify Ri—R, and X,—X, and Y,, Y, in order to complete the following reaction scheme

| €H,—CONH—~ (0 )—CatC—CH,

(1) MNaidH
||'.’| HT
l_'E _lll.-_ i
(%] ]
e, AN
K) ®)
¥ :
[*] [¥]
Il.“.::l
[x]
!II.-_ 1
-.'wE.'-"
X, _

¥

el

%

(O)—CH=N—{C}—CH=CHCH, ‘
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Xy = CgHsCOzH 06)
X3= CgHsCH,OH (06)
X3= CyHsCHO (06)
Xq= CHO (06)
cl
®
Y, = HZN—Q——CEC—CH;; OR Ha”—@——CEC-—CH3 ©6)
®
Y,= |-|2N—<C__)>——CH=CH—-—CH3 o HaN—©-0H=CH—CHa (06)
Ry= 1.LiAIH, 2.H,0 OR H,OH* (06)
R,= PCC (06)
R3= FeCly/Cl, OR  Fe/Cl, OR Lewis acldiC, (06)
. A 06)
Ry= 1.NaOH 2.H,/Pd/BaSOyquinoline OR
1. NaOH 2. Lindlar/ H,
(Note : NaOH is not required for award of 06 marks ) (06 marks x 10 = 06)

7{b} = 60 marks
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Alternative Pathway
T®) x= CaHsCO:H (06)
%= (o (06)
Cl
Xy = QCHQOH (06)
cl
Cl

® (06)
Y= HN C=C~—CH; OR Ha”—@— ==C—CHy
. ®
Y;= HN CH=CH—CH; OR H3N——©——CH=CH—-CH3 (06)

Ri= FeCly/Cl, OR  Fe/Cl, OR Lewis acid/Cl, (06)
R,= 1.LAIH; 2. H;0 OR H,OH* (06)
Ra= PCC (06)
R,= 1.NaOH 2H,/Pd/BaSQ/quinoline OR (06)

1. NaQH 2.Lindiar/H,

(Note : NaOH is not required for award of 06 marks ) )
{06 marks x 10 = 60)

7(b) = 60 marks
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(¢) (i) Give the mechanism of the following reaction,
CHOH + HBr — CHBr + HO

5+ o
| OR H*(02) OR {i— g (01)

CoHsOH + H—Br = CHs—Ol ~ * Br
Note : At least one U H
lone pair should be given. (01)
(02)

CH3CH,——— + Brs — > GCpHsBr + H0

/;\9(01)
~u

Note : Negative charge is required.

{02) Lor.le pairs are not required. (10 marks)

(ii} State whether the above reaction is a nucleophilic substitution reaction or an electrophilic
substitution reaction. Identify the nucleophile or electrophile as appropriate.

(i)  Nucleophilic substitution, Br° (02 +02)

(iii) State giving reasons which of the two compounds, phenol (CH,OH) or ethanol (C,H,OH
is more acidic.

=) @®
CoHgOH + H,0 CoHsO + Hi;0 (02)
=] ® 02
CgHsOH + HoO CeHsO + H30 (02)

Note: If H20 is not included in the equations, only (01) per equation

* In the above equilibria the equilibrium point for phenol is more toward

the right than ethanol. (02)
¢ This is because the stability of phenate ion relative to phenol is greater

than the stability of the alkoxide relative to alcohol. (02)
e The phenate ion is more stable because its negative charge gets delocalized

by resonance. (02}
¢ Resonance structures drawn (02)
¢ In alkoxide ion there is no such charge dispersion/ No resonance (02)
¢ Phenol is more acidic than ethanol. (02)
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PART C — ESSAY
Answer two guestions only., (Each question carvies 15 marks.)

B. {a) An aqueous solution P contains two cations and tweo anions. The following experiments were

carried ont to identify these cations and anions.
Cations
| Experiment Observation

®|P was acidified with dilute HCI and H,S was bubbled | A clear solution was obtained.
through the solution.

@_Thc above solution was boiled till all (he H.S was removed. | A brown precipitate (Q) was
A few drops of conc. HNO, were added and the solution | formed.

was heated further. The resulting solution was cooled and
NH,C]/NH,OH was added. |

®|Q was removed by filtration and H S was bubbled through | A pale pink precipitate (R) was
the filtrate. formed.

@|R was removed by filtration and the filtrate was boiled | A clear solution was obtained,
tll all the H,S was removed. (NH,},CO, was added to
the solution.

® | Dilute NaOH was added to a fresh portion of P A dirty-green precipitate and a
| while precipitate were formed. |

Experiments for precipitates Q and R:

Experiment ' Observation

®| Q was dissolved in dil. HNO, and a salicylic acid solution | A light purple solution was
was added. obtained.

@|R was dissolved in dilute acid and dil. NaOH was added | A white precipitate was formed.
|to the solution. It turned brown on standing.
Anions :

Test T T8 Ohservation
@ BaCl2 solution was added to P A white precipitale was formed
T The white prccxpllate was qeparatcd by filtration and | The white prec:pltatc was not
dil. HC1 was added to the precipitate. dissolved.
® Cl, water and chloroform were added to a portion of | Chlorofonm layer turned
the filrate from @ 11, and the mixture was throughly | yellowish-brown.
shaken.

(i) Identify the two cations and the two anions in solution P. (Reasons are not required.)

Cations: Fe?* and Mn?* (10 + 10)
Anions: 5042 and Br (08 + 07)

Note: First correct anion {08}, second anion (07)
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(i) Write the chemical formulae of the precipitates Q and R.

Q- Fe(OH) (10)
R- MnS (10)
(i) Give reasons for the following:
I. Removal of H.S in experiment @ for cations.
= If H2S is not removed MnS/FeS/ cations of group IV will also
precipitate when NHsOH/NH.Cl solution is added. (10)
OR
= H,S can be oxidized to sulphur by conc. HNOs. {05)
= A fine precipitate of sulphur would be formed in solution
if H2S is not removed. (05)
II. Heating with conc.HNO, in experiment @ for cations.
* Ksp Of Fe{OH)2>Ksp of Fe{OH)3 {05)
= Therefore, Fe?* needs to be converted to Fe? to be
completely precipitated. (05)
OR
= Conc. HNOz must be added to oxidize iron if present,
to the ferric state. (04)
= {f originally present, it would have been reduced by
the H3S to the ferrous ion. {02)
® Ferrous ion is not completely precipitated by
NH4OH/NH4Cl solution. (will get a mixture of Fe?* and Fe®*) {04)
| 8(a): 75 marks
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(b) The sample X contains lead, copper and an inert matcrial. The following procedure was carried

out to analyse Jead and copper in X.

Procedure:
A mass of U285 g of X was dissalved in a slight excess of dil. HNOW, A elear solution
was obtained. A Nul'l solution was added to the resulting clear solution. A white precipitate
(Y) was formed. The precipitaie was separated by filration and the precipitate (¥} and
fltrate (Z) were wimlysed separitely

Precipitate (Y)
The precipitate was dissolved in hot water. A solution of K,CrO, was added in excess.
A yellow precipitate was formed. The precipitate was separated by filtration and dissolved
in dil. HNO,. An orange coloured solution was obtained. Excess KI was added to this
solution and the liberated I, was titrated with 0.100 mol dm-> Na,5,0,, with starch as
the indicator. The volume of Na,§,0, required to reach the end point was 27.00 cm?.
(Assume that the NO; ions do mot interfere with the titration,)

Filtrate (Z)
The filtrate was neutralized and excess KI was added to it. The liberated I, was titrated
with 0.100 mol dm™ Na,§,0,, with starch as the indicator, The volume of Na,S,0, required
to reach the end point was 15.00 cm3.
(Note: Assume that the inert material was soluble in dil. HNO, and did net interfere with

the experiment.)

() Calculate the mass percentages of lead and copper in X. Write balanced chemical equations
where relevant.

Determination of Cu

2Cu* + 41> I + 200l e (1) {05}
OR
2Cu + 2I' S 2Cu* + I, e 1§ (05)
o+ 25037 = 2I° + $306% = e {2) (05)
From (1) and (2) Cu?*=$,03% OR Identification of correct stoichiometry {02)
0.10
Moles of $,03% = x 15.0 {03}
oles OT >3 1000
0.10
fore, moles of Cu2* = 15.0 (03}
Therefore, moles of Cu 1000 X
0.10
M fc = % 15.0 x 63.5 (03)
ass o u 1000
= 0.095 g (03)
0.095
= 2775100 {03)
Therefore, %Cu 0385
= 33.4% (03}
(30 marks)
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Determination of Pb

Cr207746I+ 14H™= 2Cr3* + 3L + 7H0
o + 25034 2I + S4:06%

From (3) + 3x (4} Cr0++=6520:20R

Moles of S;0:%

Moles of Cr0.%

2Cr04* +2H*> Cr207* + H:0

Therefore, moles of Cr

Yellow precipitate is PbCrQO4

Therefore, moles of Pb

Therefore, mass of Pb

Therefore, %Pb
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—
Identification of correct stoichiometry (03}
=010 070 (03)
1000
= 1,010 20 (03)
6 1000
{03}
« 1010 o700 (03)
{03)
x —l-x il x 27.0 (03}
00
=2 x -l—x 0.10 x 27.0 x 207 {03)
1000
= 0.186¢g (03)
= 01368 100 (03)
0.285
= 65.3% (03)
(40 marks)
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Alternate method

Determination of Pb

2Cr04> +6I + 16H* > 2CP* + 3L + 4H,0  -——e(3)
l2 + 2505%> 2I + S4O¢% — ]
OR

CrOs* + 8H*+ 3e - Cr** + 4H,0

2> + 2e

From equations CrO4*=35:0s* OR Identification of correct stoichiometry (03)

Moles of $;03% = E'-ll)-x 27.0 {03)
1000
Moles of I, L L G x 27.0 (03}
2 1000
Moles of Cr3* = gx lx W x27.0 (03}
3 2 1000
=9x 10
2 1 610
Therefore, moles of PbCrO, = Zx—X x27.0 =9x10* (03)
3 2 1000
Therefore, moles of Pb = Ex —l-x 0.10 27.0 =9x10* {03)
3 2 1000
Therefore, mass of Pb =9x10*x207¢g (03)
= 0.186 g (03)
Therefore, %Pb e, Wils 100 {03)
0.285
= 65.3% (03)
{30 marks)

(i) What is the colour change at the end point in the titration carried out in the apalysis of
precipitate Y?

(Cu = 63.5, Pb = 207) .
Blue -> Green (05)

I_B(b): 75 marks |
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1

9. (@) The following questions are based on the environment and related issues,

(1) Identify three greenhouse gases that contribute to global warming. State twe consequences
of global warming

Greenhouse gases that contribute to global warming.
CO2, NOy, N20O, O3, CFC, methane, volatile hydrocarbons (03 + 03 + 03)
Consequences:
¢ Melting of polar ice caps
e Change in weather patterns
¢ Drying up of freshwater reservoirs
e Sinking of low lying countries due to thermal expansion of
sea water/ sea level rise
* desertification
® loss of soil moisture
e changes in biodiversity
¢ decrease in dissolved oxygen content
¢ increase in populations of certain insects
{Any two) (03 +03)

(it} Global environmental issues caused by coal power plants are well known. Identify one
such issue that contributes significantly to change in certain water quality parameters in
rivers and lakes.

Acid rain {03)

(ifiy Name the chemical species responsible for the environmental issue identified in (i) above
and state three water quality parameters that are likely to be affected by this issue.
SQ2/ SO3 / H2503 / Ha504 (03)
Water parameters affected:
e pH (decreases) / acidity {increases)

o Salinity (increases)
e Concentration of heavy metals (increases)
¢ Hardness {increases)

¢ Conductivity (increases)
{Any three) (03 + 03 + 03)
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(iv} Identify two environmental issues that change (increase or decreasc) the ozome level in
the atmosphere and explain bricfly how ihese changes take place with the aid of balanced
chemical cquations,

photochemical smog (Ozone increases) {03)

How

Vehicle emissions contain NOx (03)

NO,(g) — "~ NOg) + Ofg) (03)
%

M+ Ofg) + O)g) —— 0Oyg) + M (03)

{M = third body)

ozone layer depletion {Ozone decreases) (03)

How

Ozone destroyed by free radicals (X) (e g. I.-| NE’). E)H. ch (03)

which act as a catalyst.

Os(g) + X(@  —— OX(g) + Oxg) - (1) (03)
0,(g) — 20(g) 2) (03)
XO(@ + Ofg) ——= X(g) + Opg) eeceemee 3) (03)

(Dx2 +(2) + 32
204(9) ——=  30,{g) {03)

(v} 1. “Most of thc harmful gases in vehicle exhausis are converted to relatively harmless
gases by catalvtic converters.”” Briefly explain this statement,

Catalytic converters convert

e NO(g) formed to Na{g) (03)
e (O{g) formed to CO(g) (03)
¢ Unburnt or partially burnt hydrocarbons to CO2{g) + H20{g) {(03)

II. Name the harmful gas (except CO,) that is not converied to a less harmful gas by the
calalytic converter. State briefly how this harmful gas is formed in the vchicle engine.

SO, {03}
Certain fossil fuels contain sulphur. (02)
Burning of sulphur produces SO,. {01)

9{a); 75 marks
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(vii) Give balanced chemical equations with appropriate conditions, for reactions taking place in
M,, M, and M,

(200- 250) atn‘%m)

My No(g) + 3H,(g) = ~ 2NH,(g) (02)
(400 - 450) °C (01)
Fe (catalyst) (01)
K,0 and Al,O5 (promoters) (01)

- o
M,:  4NH,(g) + 50,(8) (800- 200)°C (01)., 4NO(g) + 6H,0(g) (02)

Pt or Pt-Rh{catalyst) {01}

NOfg) + Oyg) 20°C 10U | ono, (02)
4NO,(g) + 2H,0() + 0,8} ——> 4HNO,(aq) {02)

(180-210) °C {01)
(30-150) atm {01)

M3 2NH4(l) + CO{l) 3 +  NH,COONH,(s) (02)
NH,COONH,(s) — (NH;),CO(aq) + H,0() (02)

l Concentrate by evaporation (01)

(NH,),CO(s) (02)

Note: Physical states are not required.

(vili) L. Give one use of each compound P, and P, other than those mentioned above.

P

. Neutralizing acidic constituents in industry / emissions/ effluents / water
treatment plants

o In stack emission control systems to neutralize sulphur oxides from
combustion of sulphur-containing fuels

*  Asarefrigerant

. in the rubber industry / for the stabilization of natural and/or
synthetic latex / to prevent premature coagulation

. In the paint industry
{Any one) (02)
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Pz:

e To manufacture nitrates OR
NaNOs - meat preservative OR
AgNO; - prepare photographic films and paper

e For the preparation of aqua regia

e Used to clean soldering surfaces

(Any one) (02)

I, Give one use of R, in the manufacturing [;rocess P, other than being used as a raw
material.

Asafuel OR to heat the system (to 450 °C) (02)

9(b): 75 marks

10.(a} A and B are complex ioms, (i.e. metal ion and ligands coordinated to it} with an octabedral
geometry. They have the same atomic composition of MnC/H,N.. In each complex
ion, two types of ligands are coordinated to the metal ion. When ap aqueous solution
containing A is treated with a potassium salt, the coordination compound C is formed.
C gives four ions in aqueous solution. When an aqueous solution containing B is treated with a
potassium sall the coordination compound D is formed. D gives three ions in aqueous solution
Both C and D have an octahedral geometry.

(Note; The oxidation states of manganese in A and B do not change on treatment with the
potassivm salt).

(i) Identify the ligands coordinated to manganese in A and B.

CN- and NHs3 (05 + 05)

&

(ii) Give the structures of A, B, C and D.

A:[Mn{CN)s(NH3)]* OR [Mn(NH3)}(CN)s]* (10)
B:[Mn(CN)s(NHs)]* OR [Mn{NHs){(CN)s]> (20)
C:Ks[Mn(CN)s(NHs)] OR Ks[Mn{NHs){CN)s] (15)
D:K2[Mn{CN)s(NHz)) OR K2[Mn{NHz){CN)s] (15)

(iii) Write the electronic configurations of the manganese jons in A and B. |

A, oxidation state of Mn = +2
Therefore, electronic configuration of Mnin Ais, 1s22522p%3s23p°3d° (03)

B, oxidation state of Mn =+3
Therefore, electronic configuration of Mnin Bis, 1s?25%2p°35?3p°3a® (02)
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(iv) Write the TUPAC names of C and D.

C potassium amminepentacyanidomanganate(ll} (05)
D potassium amminepentacyanidomanganate(l!l) (05)

Note : If spelling is incorrect do not award marks.

10{a):; 75 marks

() () I Write the reduction half reaction corresponding to the electrode,
Ag(s)] AgCls) | CI(ag).

AgCl(s)+e —  Agls)+ClHag) (05)
{ = accepted). Physical states are required.

II. State whether the electrode potential of Ag(s)| AgCI(s) | CI"(aq) depends on the Ag'
concentration in the solution. Fxplain your answer.

No. (05)
Ag*(aq) does not appear in the electrode reaction {half reaction). (05)

(ii) Consider the following reaction.
Fe(s) + 2H'(ag) + %Oz{g) — FeMag) + H,00

[. Wrile the oxidation and reduction half reactions relevant to the ahove reachon.

Fe(s) —> Fe®{ag)+2e {oxidation haif reaction) (08)
% Og) + 2H*(aq) +2¢  — H,0(l} (reduction half reaction) (08)
(==="= accepted) Physical states are required.

II. Given that the above reaction is the cell reaction of an electrochemical cell, determine
the standard electromotive force of the cell.

= -044V = [23V

EO EO
Fe?* (aq)/Fets) H* (ag)/ 0, (2)/ H,0

Standard cell potential = 1.23V - {-0.44V) OR (1.23 - {-0.44})V (01+01) + {01+01)
=167V (04+01)
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(iti) A conslant current of 100mA was passed thromgh 100.00cm? of a 0.10 moldm™ aqueous
CaBr, solution as shown in the diagram. The temperature of the system was maintained
at 25°C.

_____________

.-~ Ca*™aq) Braq) =)

I. Write the oxidation and reduction reactions that take place at the elecirodes.

Oxidation half reaction,

2Br{ag) —™Brag) +2¢  OR 2Br{ag) — Bra(l) + 2e {05)
Reduction half reaction,
2H0(l) + 26 =——> H,(g) + 20H(aq) (05)

{ === accepted). Physical states are required.

II. Calculate the time taken for the commencement of precipitation of Ca(OH),(s). Solubility
product of Ca(OH), at 25°Ciis 1.0x 105 mol® dm™. Neglect the ionization of water. Assume
that the volume of the agueous phase remains constant.

Ksp = [Ca**(aq)][OH{aq)] (05}

Required concentration of OH" to start precipitation of Ca{OH); = [OH’]

_ |[1.0x10'5mol Fdm—®

- R 1 & b 04+01
[OH7] N~ oimoram= OR  1.0x 10 mol dm (04+01)

The amount of OH" required to provide the above concentration = nou-

now = 1.0 x 10 mol dm™ x 100 x 10® dm?® OR 1.0 x 10? mol {04+01})
Amount of charge, that must be passed through the solution, Q,

Q =1.0x 10 mol x 96500 C mol* OR 96.5C (02+01)
Time required to pass the charge Q, when the current flow is 100 mA, =
f=—293¢ __ 9R 965 s OR 16.08 min (04+01)

100 x 10-3Cs-1

(For the Faraday constant, a value between 96500 + 100 C mol? is accepted, If the
symbol F is used for the Faraday constant, and t is calculated using F, full marks can be
awarded. t = 16.08 min OR t = 16 min accepted.}

10 (b) =75 marks 1
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