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PARY A — STRUCTURED ESSAY
Answer all four questions on this paper itself, (Each question carries 100 marks.)

1. (@) You are provided with the following list of chemical species (elements, ons and compounds).
Selecting from the list, write the answers to the questions on the relevant dotied lines.

Li', ¢s', Br, I, CCl,, ICL C, Al 80O,, 8O,, § true

() element which as the central atom in a compound, can display sp, .
sp?, sp? hybridizations L G,

j (i) ion having the highest polarizability ‘ I
i ‘ Carreareaeenareae
(i} ion having the highest polarizing power - Lit
| : R e
| (iv) element which can form electron deficient compounds Al
{(v) compouud baving the strongest London forces N\ _______ C C_"_l_“_ *
{(vi) compound which displays the strongest dipole-dipole interactions ICi or SO,
(vii) compound displaying bond angles of 120° SOs

(viil) element which can form compounds by exceeding 8 valence g
elecirons _ L rerseeeenrarrrrees
(04 Marks X 8)

* Due to a discrepancy amongst the papers in the three
Janguages award 04 marks fer all the students for part (v). 1(a): 32 Marks

{(b) (i) Draw the most accepiable Lewis dot-dash structure for the molecule HCNO,. Iis skeleton

is given below. .

o (07 Marks)
O=z==N-—C—H

(i) Draw two Lewis dot-dash structures (resomance structurcs) for HCNO,, excluding the
Lewis structure you have drawn above.

16 | 6P
. e °_o |
Qm‘N:—‘:CmH B s PENMC"--_H
o @
(07 marks) (07 marks) | 1(b): 21 Marks

{¢) () In the given HN,; molecule, identify the bonds (as 4, 5, ¢) formed by the overlap of
the following atomic/hybrid orbitals. Indicate whether the bond is ¢ or z type.
Note: ¢ is a triple bond.

L e

H—N-~Nz=N

awb ¢
orbitals bond o or
§ o 57 a o}
5P —Sp ¢ o
$p e $p° b G
p—p ¢ 4

Mark the bond type only if the bonds have been correctly

identified in column 2 as a, b, or c. (02 Marks X 8 = 16 Marks)
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(i) Write the number of VSEPR pairs, electron pair geomeiry, shape and hybridization of
the central sulfur atom in each of the following molecules.

molecule number of electron pair shape around | hybridization
VSEPR pairs geometry central atom
SFsN _ 4 tetrahedral tetrahedral sp?
Ci80C 4 tetrahedral trigonal spY.
pyramidal

(02 Marks X 8 = 16 Marks)

1(c): 32 Marks

(d) Arrange the following species in increasing order of the propérty given in parenthesis.
L Li,CO, ,  Na,CO, ,  MgCO, (decomposition temperature)

MgCOs . LiCOs . NaxCOs Enhre Sevies Was the
.................................... e e (‘,'(:'
I Li , Na , B (atomic radius)
..... B... < H.o. < . Na |
1. S0 , SO , SO, (electronegativity of S)
SOz <« SO& < 503 (05 Marks X 3)

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

1(d): 15 Marks

2. (@) () W is a p-block element in the Periodic Table. Its atomic number is less than 20. It has
two allotropes; one of them (A) is odourless and the other (B), has a pungent smell.
In many countries B is used to disinfect water.

Identify W O/ xygen ... . A ..Qz/dioxygen........ B ,.Osfozone/

oXygen gas trioxygen
(04 Marks x 3 =12 Marks)
(il}) W and the other elements in the group which W belongs to, form simple covalent
hydrides. C is the hydride formed by W. Except for C, the other hydrides in the group

are poisonous.
H,O / wate : (04 Marks)
L IAEntET C. oo e eeeer e,

II. C bas remarkably differeni properties to those of the othér hydrides, List three
such properties {other than being non-poisonous) and give the reason for those
differences. ‘

Propeties:(1) high boiling point (02 Marks)

(2) high melting point ' (02 Marks) |

(3) high specific heat capacity, high {atent heat capacity, high viscosity, :

high surface tension maximum density at 4 °C (anomalous

expansion of water) or low density of solid compared to liguid state

{02 Marks)

Reason: hydrogen bonding or presence of hydrogen bonds (02 Marks) :

I11. On going down the group; ‘
® Does the covalent bond angle of these hydrides increase or decrease?

decrease (04 Marks)

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

Briefly explain your answer.
Due to Iess repuision between bond pairs or due o decrease of eiectronegatlwty

5 IS Lk .

...................................................................................... T Marks
® Does the boad length of these hydrides increase or decrease? ® )
Increase (04 Marks)
Briefly explain your answer. :
Due to increase in size/radius of centralatom . . ... e (03 Marks)
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(iii) D is a compound composed of the same elements as € (ratio of elements is different).
It is a viscous liquid. It can act as both an oxidizing agent as well as a reducing agent.
it also undergoes disproportionation.

1. Identify D. _H20, / hydrogen peroxide _ (04 Marks)

II. Write balanced half reactions for the following,

e I} acting as an oxidizing agent

H:Oa(aq) + 2H*(ag) + 26  — 2H,0() OR (04 Marks)
H202(aq) + 28 ——p» 20H(aq)

¢ D acling as a reducing agent

M0x(aq) — 2H(aq) + Ox(g)+2¢ OR (04 Marks)
H:0z(aq) + 20H (aq) —» 2H0() + Ox(g) *+ 2e
ITI. 'Write the balanced chemical equation for the disproportionation of D,

rarewentasRar Tt b r o pasan s R i Y N T T N L R P I

2(a): 54 Marks

(#) (i) X is also a p-block element of the Periodic Table with an atomic number less than 20.
It also exists as allotropes. One of the allotropes is a thermal and electrical conducior.

1 Identify X. .C/Garbon. ..o {04 Marks)
II. Name three allotropes of X.
diamond (03 Marks)
graphite (03 Marks)
fullerene (buckyball)/nanotubes/charcoal (03 Marks)
(ii}) E is a compound of X and W, in the ratio 1:1. It is an odourless, poisonous gas.
Identify . O/ Carbon monoxide (04 Marks)

(iii) ¥ is a compound of X and W, in the ratio 1:2. Tt contributes to global warming. Iis
solid form is used as a freezing agent in the food industry.

I. ldentify F. CO2/Carbon dioxide ‘ (04 Marks)

uuuuuuuu N N R R TR TS N

2(b): 24 Marks

{c} M is a s-block element in the Periodic Table. Its first three successive ionization energies
in kI mol™ are respectively; 589, 1145 and 4912. M reacts readily with cold water to give
compound G and a gas. The cation of M is 2 major contributor to hardness of water,

(i) Identify M and G.

M: Ca/Calcium (04 Marks)
G: Ca(OH). / Calcium hydroxide (04 Marks)

'(ii) Write the balanced chemical equations for the reactions below.

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

(03 Marks)
Ca{OH)(aq) + 2C0(g) (excess)-—» Ca(HCO:)2(aq)

(03 Marks)

(Physical states are not required)

2(c): 14 Marks
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() ¥ is a common oxoacid of X. It can be prepared by dissolving F in C under pressure.
(iy Write the chemical formula of J. H2CQs............... s
(ii) Draw the structure of J showing all the bonds.

»

-
-

Oméﬁ

0

(Lone pairs are not required)

J

(04 Marks)

(04 Marks)

2(d): 08 Marks

. 3. HA(aq) is a weak acid with K = 4.0x 1074 mol dm* at 25 °C, In an experiment, 20.00 cm’® of
0.25 mol dm™ HA(aq) solution was titrated with 0.10 mol dr® KOH(aq) solution at 25 °C.

{i) Calculate the initial pH value of the HA(aq) solution at 25 °C. (log values for 1-10 are
given below.)

number

1

5

6

9

10

log value

0.00

0.30

0.48

0.60

0.70

0.78

0.85

0.90

0.95

1.00

NOTE: PHYSICAL STATES ARE NECESSARY FOR THE ANSWER OF QUESTION 03.
also needed for all the reactions as indicated.

The symbol of equilibrium =

HA(aq) + H,0() =
Can accept above even without water

Initial con.

Change con.

Equi. con.

[H,0* (aq))IA~ (aq)]

H,0* (ag) + A~(aq)

HA(ag) + H,0() = H30%(aq) + A (ag)

0.25

=X

0.25 x

Ka = HAGD]
40 x 1074 = XX o X
) 0.25—x 0.25

x2= 1.0 x107*

x = [H30%(ag)] = 1.0 x 107 moldm™

pH = —log[H;0%(aq)] = 2

Or

pH =

~log{H" (aq)] =

0

X

X

0

X

x

mol dm™
mol din?

mol dim?

(03}

(02+01)

(03)

(03)

(02+01)

(03+03)

(i) (21 Marks)
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(ii) Calculate the volume of KOHfaq) solution meeded to reach the equivalence point,

HA(aq) + KOH(ag) — H,0(l) + KA(aq) - (03)
Stoichiometry; HA(aq) : KOH(aq}=1:1
Number of HA(aq) moles present = 0.25 mol dm™ x 20.00 x 10 dm*

= 5.0 x 10" mol (03)*
». Number of moles of 0.10 mol dm™ KOH(aq) reacied = 5.0 x 10~ mol '
* 03 marks can be awarded for either number of HA moles or KOH moles

- Volume of KOH(aq) = (5.0 x 10° mol)/ 0.10 mol dm™® = 5.0 x 10 dm’
= 50.00 em® (03)

(OR * yse; C,V) = C;V; orany other correct method to obtain 06 marks)

(ii) (09 Marks)

(it) State whether the mixture at the equivalence point is acidic, basic or neutral.

Basic ‘ (03)
At the eguivalence point pH of the mixture is determined by the hydrolysis of KA(aq) sall,
Concentration of KA(ag) or A™(aq) at the equivalence point

= 5.0 x 10? mol/( 70 x 107 dm?) = 0.07 mol dm™ (02)

Consider the hydrolysis reaction:

A™(aq) + H,0{1) & HA(aq) + OH (aq) (02)
Tnitial con. 0.07 0 0 mol dm?
Change cot. -x X x meol dm?®
Equi. con, 0.07 x x x mol dm? (01+01)

Justify your amswer using an appropriate calculation.

For the above hydrolysis

_ [HA(ag)][0H™ (ag)i ‘
Ko = G 02)
Ko
Ky = X (02)
= 25 x 107 moldm™ (02+01)
) o |
w11 x.x x* g"‘; y’[t"'M'hV“,/ﬁ WF‘A
x% = 1.75 x107%*
x = [OH™ (aq)] = (1.75)*2 % 10™% mol dm™ (01+01)
S pOH =588 (02)
And pH = 8.12 (or >8) ‘ (02)
/. The mixture is basic.
(iii) (26 Marics)

b
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(iv) It was found that the pH value of the mixture after the addition of 80.00 cm® of KOH(aq)
was between 12 and 13. Explain this observation with an appropriate calculation.
80.00 cm? addition of KOH(aq) means we are beyond the equivalence point
and therefore the pH of the mixture is determined by the excess OH (aq)/KOH(aq). (03)*
HA(aq) + KOH(aq) — H,0() + KA(aq)

Added amount of KOH(aq) = 80 x 0.10 x 16~ mol (02+01)

Reacted amount of KOH(aq) = 50 x 0.10 x 10~ mol

Excess amount of KOH(aq) = 30 x .10 x 10~ mol ‘ (02+01)

[OH(aq)] = 3x10°/(100x10%) = 3x10? mol dm? _ (02+01)

S pOH=2—log(3) =1.52 ' (03)

cpH=1248 (03
Ol @ iv) (18 Marks)

* If the words excess O(aq)/KOH(aq) are mentioned anywhere in the
answer this three marks can be awarded

(v) Caleulate the pH value of the mixture at the balf-equivalence point.

At the half equivalence point; pH = pK, OR [H=K, (03)
S pH= -log(@x 10Y) =34 (03)
(v) (06 Marks)

(vi) Skeich the titration curve below for this titration. Mark the points of pH values and
corresponding volumes of KOH(aq) obtained in (i)--(v) above on the titration curve,

A
13.0.. _ {02
I SR S W O S S e “"‘"&' SR

e |
9.0 - ’
8.0 oo
T8 4
Z 60
50 4
A

28 & (07
1.4 -

120 30 40 3 60 79 B¢ 9% 180
Volume of KOH /fem’
Note: Each data point shouid have correct X and Y coordinates to award marks.
For shape, steep change at 50 cm® needed. : '

{vi) (10 Marks)
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(vii) Explain why the pH of the solution is acidic in the range of 10--40 cm® volume of KOH
added, and basic after the equivalence point. :

In 10 — 40 cm® region there is an acid present and hence the mixture is acidic. (02)
After the equivalence point, there are OH<aq)/KOH (aq) present and hence the mixture is basic.
(02)

(vii) (04 Marks)

(viii) pK, values of acid-base indicators of methyl red and bromothymol blue are 5.1 and 7.1,
respectively. Identify, giving reasons which indicator is the most. suitable to observe a sharp
end point of the above titration.

Bromothymol-blue : (02)

The equivalence point pH of the indicator should be within the indicator range pKy, + 1.(02)

In this titration, equivalence point pH is 8.12. (02)
(viii) (06 Marks)

4. (@) The compound A having five (05) carbon atoms contains only C, H, and Cl Its relative
molecular mass is 137. When A reacts with aqueous NaOH, compound B having a relative
molecular mass of 100 is formed. (C=12, H=1, 0=16, Cl= 35.5)

(i) Write the molecutar formula of A. CHeCl. ... vares (10 Mar lf{jS)
oy, L5 T
(i) Write the molecular formula of B. S5HsQ2 e QSP%( 53/ (10 Marks)

When A is hydrogenated with H,/Pd in the presence of BaSO /quinoline, compound C
having a relative molecular mass of 139 is formed. Both compounds A and B exhibit
optical isomerism. A and B do not give precipitates with ammoniacal AgNQ,. When B is
oxidised with pyridiniuma chlorochromate, compound D (C.H 40,) 15 formed. When treated
with aqueous NaOH, D undergoes a self’ condensation reaction. Compound B is converted
to E (C;H,OCl) when treated with cone. HCl and ZnCl,.

(iii) Draw the structwres of A, B, C, D and E in the relevant boxes.

cl OH

CH;CHC=CCH,C CH,CHC=CCH,0H
A B

Gl H :
CH,CHC=CCH,CI CH4CC=CCHO

T C D

cl
CH,CHCZCCH,OH

E
(07 x 5 =35 Marks)

4(a) 55 Marks|
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(b) For the reactions given below, write the type of reaction [Nucleophilic addition (Ay),
Nucleophilic substitution (Sy), Eléctrophilic addition (Ap), Electrophilic substitution (Sg),
Elimination (E), acid-base (AB)] and draw the structure of the major product in the relevant

box in the table.

. Type of
Reaction renction Major product
Br
| ()| CH,CH,C=C—H + HBr —u| A° CHaCH;C-CH,
| {excess) " Br
| (ii)| CH,CH,MgBr + H,0 s | AB C,Hg or CH4CH; -
ci
(iii) | CH,—CH—Br + alcobolic KOH E H,C=CHCH,
g o
o (? Na ‘é_,
o My
() | )~ C—~CH, + CH,C=C"Na* — Ay C=CCH, o

Award 03 marks even without Nat

(03 x 8 = 24 Marks)
4(b)24 Marks

(&) (i) Draw the structure of the major product F of the following reaction in the given box,

Br2

CH,CH,CH = CHCH, CH, -

(i) Write the mechanism of the reaction. stated above.

5L
Cl|3r B*‘\ for polarized Bry

If structure F is wrong, no marks for part (ii)

?r ?r
CHzCH,CHCHCH,CH;
F (05 Marks)

N

! . CH3CHQCHECHGH2GH3-“"—F CH3CH2C§:’"}CHCHQCH3 + Br_—..___’.. (F)

*Bre

(16 Marks)

If the bromonium ion is incorrect, award marks only for Br™ion (02) and electron movement
(arrow) form the Br™ion towards the intermediate (02).

4(c) 21 Marks
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NOTE: PHYSICAL STATES ARE NECESSARY

5. (@) Consider the reaction shown below at 300 K and 1 atm.
Fe,0,(8) + 3CO(g) = 2Fe(s) + 3CO,(g)
The following thermodynamic data at 300K and 1 aim are given.

CO{(g) CO,(g) Fe(s) Fe,0,(s)
AH? / k¥ mol™! ~111 -394 0 -824

8% 3K mol™ 197 213 27 87
(i) Calculate the AH  of the reaction at 300 K. ‘
i AHE, . = EAngmducts -y AfH,Qeacmmsl or thermochemical cycle (04)*
{[0+3%(=394)] —[-824 +3 X (=111} KJ mol™* (03+01)
{~1182 — (—~1157)} kf mol™
= =25 kJ mol™* (03+01)

il

O
TJC?!

FexOs(s) +3C0{g) ——» 2Fe(s) + 3C0(g)

SN

PFe(s) +3C(s) + 3Oxg

(i) (12 Marks)
(i) Calculate the AS,  of the reaction at 300 K.
ASYin = X Sproducts — O Sreactants or thermochemical cycle (04)*
= {[2 X 27 +3 % (213)] ~ [87 + 3 x (197)]}] K~*mol™* (03+01)
= 15] K~ 'mol™! (03+01)

* DSt
Fex0a(s) + 3C0(g) * 2Fe{s} + 3C02(g)

\ \ / (ii) (12 Marks)

2Fe(s) +3C(s) + 302A9)

(iti} Show that the reaction is “Theoretically possible at any temperature”. State the assumption
you made.

Consider the Gibbs free energy change of the reaction;

AGly, = AHO,, — T ASY, (04)

= —ve — (+ve) ‘ (04)

. AGY,, is negative at all temperatures (04)
indicating that the reaction is theoretically possible at all temperatures. (04)
Assumption: AHY,,, and ASY,,, are independent of temperature. (04)
(i) (20 Marks)
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(iv} Write the expression for the equilibrium constant, K, of the reaction at 300 K.
Fe,03(s) +3C0(g) = 2Fe(s) +3C0,(g)

(PCOz(g))
K e
(Peogg)’ 04
(iv) (04 Marks)

(v) Derive the expression for the equilibrinm constant, K. of the reaction, in terms of X, at 300 K,

Kp = K¢ (RT)™ (04)*
An =3-3=0 | (04)*
2 Ke= Kp . (04)*

(v) (12 Marks)

* Alternate answer

Assuming ideal behaviour,

PV =nRT }

P=CRT 03)

— (Peoy)®

(Peoep)?

_ ({co,(@IRT)® _ [€04(g)]°
P (co@rms  [co(g))? (03)
_ [Co.())®

K= oot (03)
L KP :Kc (03)

(vi) 1t was found that the K, value of the reaction is 125 at 300 K, while the value is 27 at 900 K.

I. Calculate the ratios of partial pressures of €0,(g) and CO(g), (sz@/ P{;O@) at these
two temperatures.

(Pco (g)) (Pca (g))
At300K, K, = 2 =125 o =il o | 1 04
P ( co(g)) (PCO(Q)) ( ) ( )
ALOOOK, K, = F0e@) _ o7 . L) _ 4 ) (04)
P (Peo)’ (Pecop)
(08 Marks)
. Give reasons for the difference in the two values obtained in 1 above,

From (1) and (2) above; (Kp)sgox > (Kp)ogo x (04)
The reaction is exothermic (04)
At high temperature favous the backward reacton (04)
. The increase of CO(g) / decreaseof COa(g) result in the

decrease in the value of K. R (02

(16 Marks)
(vi) (24 Marks)
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{vit) Explain the effect on the equilibrium position when the ftotal pressure of the system is
increased at a given temperature.
An =3 ~3 =0 for the reaction ' (04)
or equal number of gaseous species are present in the both sides.
Therefore, there will be no significant change in the equilibrium position upon
increasing the pressure of the system. (04)

(vii) (08 Marks)

(viii) The reduction of Fe,0,(s) to Fe(s) can be carried out in a blast furnace by using CO(g).
The maximum temperature achievable in a blast furnace is 2300 K. Even though ALO,(s)

can be reduced to Al{s) in a similar reaction using CO(g), explain by means of a suitable
calenlation why it is not carried out in a blast furnace. Use the data given below for your

calculation, .
CO(g) CO,(g) Al{(s) ALO,(s)
AH;/ £J mol! ~111 -394 f -1676
8% I &K molt 197 213 28 51
Consider the reaction,
Al,03(s) +3C0(g) = 2Al(s) +3C0,(¢) (04)

AH?xn = ZAf ngaducts - ZA)’ ngactants

{[0+3x(~394)] ~ [-1676 + 3 X (=11DP kJ mol™? (02)
= 827 k] mol™* ‘ (03+01)

. The reaction is endothermie.

Asqun =3 Sgroducts - X S‘Eeactants
{12 x28+3x(213)] ~ [51+3 X (197]}] K Lmol1 (02)
= 53] K 'mol™? (03+01)
Consider the Gibbs free energy change of the reaction;
AGRyy, = AHPy, — T AS2yn
The temperature needed to reach the equilibrium position:

H

AHZ,., —TASY,, = 0 (04) *
AHE, |
= -~§:q;’;— = 15,600 K ' (04) *
. This temperature cannot be reached in the blast furnace. (04) *
. The reduction of Al,0;(s) to Al(s) cannot be achieved in the blast furnace.
(viii) (28 Marks)

* Alternate answer
AGRyy = AHZ, — T Asgxn
For the reaction to be theoretically possible,
AGYL, < 0
AHY,, — TASS,, < O (04)
TASS, > AHY,,
827 x 103 mol™1

T> 53 JK~imol™t
T> 15600K ‘ (04)
~. This temperature cannot be reached in the blast furnace. (04)

. The reduction of Al;0;(s) to Al(s) cannot be achieved in the blast furnace.

,/.([ A st dowt e o "Tane el 5(a) (120 Marks)
! EYve G i ovey 38 amandes .
pa s C _
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(b) Ag,CrO,(s) is a sparingly soluble salt in water with K, =40x 10712 mol® dm™® at 25 °C.

(i) Write the equilibrium reaction that exists in 4 saturated aqueous solution of Ag,CrO,(s) at 25 °C.
Ag,Cr0,(s) = 24g*(aq) + CrOf (aq) (03)

(i) (03 Marks)
(i) Caleulate the concentration of Ag*{aq) in a saturated aqueous solution of Ag,CrO,(s) at 25 °C.

Consider the equilibrium;

Ag,Cr0,(s) = 24g*(aq) + CrOi (aq)

Equi. con. . x x moldm®  (04+01)
Ky, = [Ag*(aq))? [CrO} (aq)] = 4.0 x 107" mol’dm™ (04)
4.0 x 10712 = (2x)2x = 4x°
x = 1.0 x10"* mol dm™* (03+01)
[Ag*(aq)] = 2x = 2.0 x 107* mol dm™? (03+01)

(ii) (17 Marks)

(iii) When dil. HCI was added dropwise 1o a saturated Ag,CrO, solution in a beaker, first the
reddish-colour of the solution decreased and turned yellow with formation of a precipitate
on the boitom of the beaker. When the addition of HCIl is further continued, the colour
of the solution turned tc an intense-orange. Explain these observations using appropriate

i chemical reactions.

At the beginning the reddish-color of the solution decreases due to the dissolation
i ‘ of AgsCrOq and formation of white AgCI(s) precipitate and yellow color CrO4%.
| (02)

Agt(aq) + CrOi~(aq) + HCl(aq) - AgCl(s) + HCrO[ (aq)
OR Ag,Cr0,(s) + 2HCl(ag) — 24gCl(s) + CrOf~ (aq)+H (aq) (03)

Further addition of acid converts HCr0; (aq) ions or Cr0Z™ (aq) into intense
| orange-colored Cry0%~ (aq) ions. (02)
2HCrO; (ag) - Cry05 (aq) + H,0(1)

OR  20r0# (aq) + 2H*(aq) = Cr;03 (aq) + H,0(D) (03)

(iii) (10 Marks)
5(b) (30 Marks)
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NOTE: PHYSICAL STATES ARE NECESSARY

6. (@) At a given temperature, the rate law of a first-order reaction A —> P can he expressed as

2.303 log (%) = kf, where A, is the concentration of A at time, =0, A, is the concentration
£

of A at timé, t=1t, and £ is the rate constant,
Note: partial pressures can also be used instead of concentrations.
(i) In an experiment carried out for a gas-phase first order reaction, the time required to

complete 99% of the reaction was #,, and that for the 0% completion was f,. Show that
= 2t,. ‘
i 2

Consider the first order reaction,

A —-> P
itial(t=0) 100 -
After(t=1;) (100-99) 99% completion (1) (03)
After(t=1;) (100-96) 90% completion (2) (02)

The rate equation given is:

2.303 log (‘:—t) =kt
For (1): 2.303log (lgﬂ) =kt | (05)
2303 x2=kt, (1) (05)
For (2): 2.303log (%’-) =kt, (05)
2303 x1=kt, (2) (05)
D/@) ; t1=2¢8 (05)

A ' »
Sk a\? 5 o be o= -N\\D \_M (i) (30 Marks)

(ii) Show that the half-life (’1_/2 ) of the above reaction is given by the expression %y = 0693
k is the rate constant. (fog,2 = 0.301)
If the initial concentration is [4]y,
The concentration at halt-life, t, ;; is [A]o/2 (03)
Substituting this in rate equation;
Ay \

2.303log (522} = k t1/2 03)
2.30310g(2) =k ty/, (03)
2.303 X 0301 =k typ (03)

fo o 0:693

12T Ty (ii) (12 Marks)
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(ii) A first-order gas phase elementary decomposition reaction A(g) — B(g) + C(g) occurs in
a closed-rigid container at a given temperature. When pare A(g) was placed initislly in the
empty container, the pressure of the systern was 40 mmHg. The pressure of the system
was 76 mmHg, when ¢ =300 s. Calculate the rate constant (k) and half-life (11;2) of the
reaction at this temperature.

Consider the reaction,

Alg) — B + C@

Initial(t=0) 40 mm Hg

After(t=t) 40— x X x ‘ (03)*

.. Total pressure at time t is 40 + x : (03)
76 =40 +x (03)
x=76—-40=36 mmHg C{03)F

* pressure can be expressed in concentration terms. P = % R

Attimet, Py=40-36 =4 mmHg (63)*
2.303 40
, ke = 300 s log (7) (06)
.303
k= 20c log(1®) ‘ (03)
k=77 x 1073571 (02+01)
0.693 0.693
And ty/; = kK 7710851 (03)
Alternate method (iif) (33 Marks)
Consider the reaction,
Alg) - B(g + Cg
Initial(t=0) Py
After(t=t) Pi=(Py—x) x X (03)
. Total pressure at time t is (Pp +x) | (03)
1f the pressure of the system at time t is Py, then we can write
x=Pi—p (03)
o (Po—xj= 2P — P, (03)
. . 2303 Py
From (1) above, we can write k = - log ((Po ~ x)) (03)
Since (=300 s
2303 Py 2303 40
k= 300s log ((ZPO - Pt)) T 300s log ((2 x40 — 76)) (03+03)
= %%g—:—log(l{}) (03)
k=77 x 1073571 (02-+-01)
0.693 0.693
And by, == = oo - (03

1]
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(5) (i) Explain the following observation.

\ob 5)\\)

RO

{iv) Caleulate the rate of the reaction given in part (iii) above in mmHg s~ when the pressure

o

of the systera is 50 mmHg,

Sox = (50 -40) mmHg = 10 mmHg

Given, Pc= 50 mmHg (and we know that Po = 40 mmHg)

(02+01)

If the pressure of A(g) at any time is Pa, Pa= (Pgp—x)
=({40-10) = 30 mmHg

(02+01)

Since the reaction is first order, Rate of the reaction is given by, -

Rate =k Pa

Rate = 7.7 x 10°% 571 x 30 mmHyg

=0.23mmHg s~ !

(03)
(02+01)
(02+01)

(iv) (15 Marks)
6(a) (90 Marks)

The boiling point of & liquid mixture prepared by mixing two completely miscible liguids
A and B in a specified ratio was greater than the boiling points. of each of the two liquids

A ad B,

Given : Boiling point of a mixture AB > boiling points of A and B

.. Vapor pressure of AB < vapor pressures of A and B

And Pag < Pag(ideal)

. Intermolecular forces; fa-a > fa-a, .8

.. Mixture has the negative deviation from Raoult’s law,

(05)
(03)
(05)
(05)

(i) (20 Marks)

{ii) Skeich the diagram for the variation of partial pressures of A and B against composition of
Liquid mixtures of A and B. Pure liguid B has a higher boiling point than pure liquid A.

Yapor
pressure

X,.\ = 4
= LB

(02) for correct axes

Mok fractinn

Vapor
Prossure

¥,

A 02)

Note: Award marks with or without dotted lines. (i) (10 Marks)
| 6 (b) (30 Marks)
02 - Chemistry (Marking Scheme) | G.C.E. {A/L) Examination 2026 | Amendments to be included. 29

b



Department of Examinations - S#i Lanka Confidential

(¢} (i} Defipe the partition coefficient (K,) of a substance which distributes in two immiscible
liquid phases,

When a substance distributes in two immiscible liquid phases, the partition
coefficient (Kp) is the ratio of concentrations of the substance between two
immiscible phases at dynamic equilibrium.

Or Kp= % ; [Cloand [C], are the concentrations of the substance in phase

I and phase 2, respectively at dynamic equilibrium. (03)

(i) (03 Marks)

(i) In an experiment to évaluate the partition coefficient of ammonia between trichloromethane
and water, at a given temperature the following procedure was carried out. A given amount
of liquid ammonia was added to a given volume of water and then a given volume of
trichloromethane was added and shaken vigorously. Afier reaching the equilibrium; 10.00 co®
of aqueous layer required 12.00 cm?® of 0.25 mol dm™ HCl(aq) for the complete nentralization,
while 25.00 ¢m’ of trichloromethane layer required 6.00 cm® of .05 mol dm™® HCl(ag).
Calculate K, of ammonia between trichloromethane and aqueous layers at this temperature.

_ INHslencr, "
b INHzln,0 (03)
NH; : HCI stoichiometryis 1 : 1 (03)

For the aqueous layer;
Number of HCl moles reacted = number of NH; moles present in 10 cm?®

(03)

Number of NH; moles present in 10 cm® = 0.25 mol dm™ x 12 x 10" dm’
= 3,00 x 107 mol (02+01)
[NH; 1,0 = 225207 mol o (02-01)

For the organic layer;
Number of HCI moles reacted = number of NH; moles present in 25.00

cm?

Number of NH3 moles present in 25¢m® = 0,05 mol dm™ x 6 x 10 dm®

=3.00 x 10 mol (02+01)
3.00 x107% -
[NHa}cucr, =~ o= mol cm™ (02+01)
K, = [NH3]cuel,
[NH;3]p,0
300 x1077 mol cm™3 1
= T = 5= 004 (02+01-+03)*
e RO CRT

10.00

*If student has defined as
K. = [NHaim,o
D = T

= may accept 25 as the answer to receive these 03 + 06 marks.
[NHalcrcly

(ii) (27 Marks)
6 (b) (30 Marks)
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PHYSICAL STATES ARE NECESSARY
7. (a) Consider the following reduction potentials at 25 °C.

B 00V Baonmye T OBV B T2V

: = L. 5 =12

(i) Sketch a labelled diagram of an electrochemical cell that can be used to electrolyse an
aqueous NaCl solution using inert electrodes.

FAll must be correct fo earn this 09 marks ‘ B

et < O
£ 0
,r‘w N.»m : 00\
Jo
{-) Cathode
3 ¢
g o s R L St ek i g i i i b i :
il or ) 1 P{E or %}g(;r fiert electrode)

. [f there is no battery or volimeter, ammeter efc ziven
- zero marks for the diagram(part 1)
- If battery indicated by a different symbol, anode
and cathode connections must be given with
} correct +/- sign.
- If battery (external power supply) is correct, signs
of anode and cathode are not necessary.
(i) (18 Marks)
(ii) Write all the possible half reactions that can take place at the anode and the cathode.

At Cathode: reduction

2H( + 2 = Hy(g) (03)
2H,0(D) + 2e — Hy(g)+ 20H"(ag) (03)
Nag'aq) +e — Na(s) (03)
At Anode: Oxidation
2ClGy = Cli(g) + 2e (03)
2H,0() — 0,(g) + 4H*(aq) + 4e (03)
‘ 4OH(_aq} -3 Oz(g) + ZHZO(D + 4e (03)
(i) (18 Marks)
(iif} Giving reasons, identify the half reactions actually occurring at the anode and the cathode.
The half reaction relevant for the highest reduction potential (E°) takes place at the
cathode.
But reduction of H" does not take place due to very low concentration. (03)
Exact reaction at the cathode is;
2H,0(1) + 2e = H,(g) + 20H (aq) (02)
The half reaction relevant for the lowest reduction potential (E) takes place at the anode.
But oxidation of HxO does not take place due to higher overpotential. (02)
Exact reaction at the anode is;
20y = ClLi{g)+2e o _ - (02)
- (iii) (09 Marks)
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{iv) If the gas formed at the anode is collected at 1 atm and 25 °C by passing & constant current
of 1.2 A for 2 hours through the cell, calculate the volume of the gas. (1 F = 96 500 C ol

Note: Assume that the gas does not react with or dissolve in the electrolyte solution.

State any other assumptions made in your calculation, (I atm = 101 kPa)

Q=1It (03)

Q =012 x2x60x60)C (03)

Moles of electrons = (1.2 X 2 X 60 x 60) € /96500 Cmol™' = 0,09 mol (03)

2 mol of electrons = 1 mol of Cla(g) (03)

Moles of Cla(g) produced = 0.045 mol (03)

Assuming an ideal gas behavior: PV =nRT | (03)

V= fgz _ 0.045mol xa.iﬁflgi{;;moz‘_lxzeax (03)
=109 x 107°m3 - 112 x 107> m?

or 1.09 — 1.12 dm? (03)

(iv) (24 Marks)

(v) Write the half reactions occurring at the ané_de and the cathode, when molten NaCl(J) is
used as the electrolyte in the above cell.

When molten NaCl(/) is used:

At cathode:

Nafy+e — Na(s) or Na(l) (03)
At anode:

2CLy) - Cly(g) + 2e (03)

(v) (06 Marks)
T(a) 75 Marks
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{B) X is a d-block clement that belongs to the fowth period of the Periodic Table. X forms an
amphoteric oxide X1 The most common jon of X is X™. In dilute agueous solution, X forms
the coloured species X,
On treatment of the solution containing X, separately with:
® aqueous NH,, the blue-green gelatinous precipitate X, is formed.
® excess dil. NaOH, followed by H,0,, the yellow species X, is formed.
In acidic medium X, gives species X..
On bubbling SO,(g) through an acidic solution containing X, the fons X" and S()i“ are

formed.
(1) Identify X, X™, X, X,, X, X, and X, (Give chemical formulac. Reasons are not required.)
X: Cr | (04)
X Cré* | (04)
Xi: Cr04 (03)
Xa: [Cr(H.0)6)* (03)
Xa: Cr(OH)s (03)
Xst CrOs* or NaxCrO, (03)
Xs: Cr07% or Na,Cr, 0, (03)

[No marks for names of species.]
(1) (23 Marks)

(3i) Write balanced ionic equations for 1, Il and I given below.

L. Formation of X, from X, on treatment with excess dil. NaOH followed by H,0,

J(/_ﬁcad\
[Cr(H.O)s)*(ag}+ 30H™(ag) ——» Cr{OH)a(s) + BH.0() ---eq (a)rd e (05)* K 3
‘1/‘”

2Cr(OH)s(s) + 3H20(aq) + 40H (aq) —» 2CrO2 (aq) + 8H,0(!) -—-eq (b)
or 2Cr(OH)a(s) + 3H.0:(aq) —» 2Cr0. (aq) + 4H.0O(l) + 4H*(aq)--- eq (b) (05) *
(*If students combine the two equations, (a) and (b), award the 10

marks.)

2[Cr(H20)6]*'(aq) + 3H:0: (ag) + 10 OH (ag)——» 2Cr0,*(aqg) + 20H,0(1)
(10)*

Note: Marks may be awarded for Cr¥*{aq) in place of [Cr(H20)5]3+{aq)
if equations are balanced correctly.
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1. Formation of X, fiom X, i acidic medium

20102 (ag) + 2H aq) =" Cr07(aq) + H:0( (05)

L. Reaction of X, with 50,(g) in acidic medinm

Cr2072(aq) + 3802(g) +2H" (aq) ——» 2Cr*(aq) + 380,% (aq) + H0(} (05)

(Physical states are not required) (ii) 20 Marks

(iii) Write the IUPAC name of X,.

hexaaquachromium(ili) ion '
(iii) 04 Marks
7 (b) (47 Marks)

(&) Y is also a dblock element, which belongs to the fourth period in the Periodic Table.
Y has two common oxidation numbers, p and q. g is greater than p. YP* forms the dirty-green
precipitate ¥, with dil. NaOH. Y% forms a yellow/yellow-brown species ¥, in aqueous solution.
On reaction of Y% with NH,SCN(ag), a red complex Y, is formed.

(i) Wentify Y, ¥, ¥, and Y,. (Give chemical formulae). Write the oxidation numbers p and q.l
(Reasons are mot required.)

Y: Fe (04)
p: 2+ /’)_/‘1—1—/37— (03)
q: 3+ /’b /"’*3 /T\’T (03)
Y4: Fe(OH)2 2t (03)
Yo[Fe(H2O)P* o nevis o e (03)
Ys: [Fe(SCN)H20)s]?* (03)*

*Marks may be awarded for n=1-6 and appropriate charges
[Fe{SCN)n(H20)sn]™*, no marks if H20 ligands are not shown.

(i) 19 Marks

(ify Give the balanced ionic equation for the reaction of YP" with an acidic solution of MnQO,
ions,

5Fe?*(aq) +MnQu (aq) + 8H*(aq) — 5Fe>*(aq) + Mn2*(aq) + 4H20(1)

(ii) 05 Marks
(iii) Write the TUPAC name of Y,.
hexaaquairon(lll) ion (iii) 04 Marks
7(c) 28 Marks
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B. (a) ldentify the reagents K and L, and the products P, Q and R of the following reaction scheme.

CH,CH, O, CH; dil. HC

' K L
CH,0H > P > CH,MgBr > Q >R
K= PBry or HBr L= Mg/dry ether
?_, ‘MgBr OH
P = CH,Br Q= CHiCH,C-CH;  R= CHCH,C-CH;
CHs | CH
If the word dry is not written in L. deduct 02 marks (a) 06 x 5 =30 Marks

CH,

|
(&) Two products are obtained from the compound CH,CH,CH,Br when it reacts with CH,CHO~
ion1.

(i) Draw the structures of these two products.

CH,
CH3CH,CH,OCHCH, and  CH,CH=CH,
(M (2)

(i) 05 x 2 = 10 Marks

(i) Write the mechanisms of the redctions giving these two products.

P _,, CHs CHj

‘ CH30H2CH2~—Br + OCHCH:;———"- CH3CH20H206HCH3

U (1)

H_' CH,

|
CH3C@CH2—"Br OCHCH; — CH,CH=CH,

U (2
‘ ) 06 Marks

(if) 16 Marks

04 Marks
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(iif) Give reasons as to why both these mechanisms take place.

(Due to the higher electronegativity of the Br atom relative to the C atom) the
C — Br bond is polarized. (02)

As a result, there is an electron deficiency in that C atom. (02)

Therefore, the nucleophile [(CH3);CH-O" ion] attacks on that C atom resulting the
product (1)

(02)
Due to the polarity of the C — Br bond, the H atoms attached to the adjacent C atom
bearing Br atom are slightly acidic.

(02)
(CH;5)CH-O ion acts as a base and removes a H atom as H" resulting the product(2).

(02)

(iii) 16 Marks
8 (b) 30 Marks

(©) () Draw the resonance structures of aniline.

NH,

EEES S

(i) (01 X 5= 05 Marks)
L_an,o_ ‘Dm(\( l s

Y&cl Uur?-cL

{if) Consider the two compounds aniline and ethylamine. Giving reasons, state which of these
two compounds is miore basic.

Ethyl amine is more basic than aniline. {06)

In aniline, the lone pair of electrons on the N atom is delocalized on to the benzene ring
by resonance, (03)

Therefore, it is not easily available (less available) for the donation to a proton.

03)

In contrast, the lone pair of electrons on the N atom in ethylamine is not delocalized and
therefore is more available for donation to a proton. (03)
(ii) (15 Marks)

8 (¢) 20 Marks
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(d) Answer the following parts,

(i) Show how you would carry out the following conversion using not more than three steps.

NH, CN
Br, ] Br

—

Br

Crine -
< ol
NH, NH, H ‘/ t Nzca
B Br
Br, o NeNOydiLHC © CuCN
0-5¢C
Br
k______v______} 1\

Note: Do not award marks if the number of steps is more than (i) (25 Marks)
three

(if) Show how you would carry out the following conversion using not more than five steps.

CHO
o —
NO,

CH COLH CH,OH

I CH301 conc. HNOy H*z;g;y:;;m T.LIAM fether”
anh. Alcfa Lone. HRSO4 5 H”H foka (CHzclz)
NO, Noy

\,W,,Y;\
@

*deduct 02 marks if ether is not given,

Note: Do not award marks if the number of steps is more than (45 Marks)
five.
Alternative marking schemes
Answer 1
CO,H CH,OH CH,0H
CHgCl H”IKMnO4 1LlAlH4lethﬁr cone. HNQ, "% PCC
anh AICH; 2. MY H O canc H;50, 2 CHLY)
No2
X AN FAN i VUV | S
o Y Y v i
@ ®
Answer 2 GH?_QH
Brleeﬁra % cone, HNO; Mgldry ether 1. HCHO
cone. H80, 2. H""H o (CHzc'z)
No2 Noz
N A

’d) 70 Marks
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9. (a) A, B, C and D are water soluble inorganic compounds. Only two of these compounds contain

d-block elements. A and B are white solids, while C and ? are coloured solids. When aqueous
solutions of A and B are mixed together the white precipitate E is formed. E is insoluble
in hot water and in dil. HCL. When E is separated by filtration and dil, NaOH is added to
the filirate, the white gelatinous precipitate ¥ is formed. ¥ dissolves in excess dil. NaOH and
gives G. ,
Mixing aqueous solutions of B and C gives the white precipitate H. H, is soluble in hot
water, H is separated by filtration and the filtrate is divided into two portions. On addition of
dil. NH,OH to one portion of the filirate a light-blue precipitate, 1 is formed. On addition of
mote dil. NH,OH to the precipitate I, a deep blue solution ¥ is formed.

To the other portion of the filtrate, when a satmrated solution of I is added, followed by the
slow addition of conc. H,S0, along the wall of the test tube, a brown ring is formed.

On mixing B and D the white precipitate E is formed,

Identify the compounds A, B, C, D, E, F, G, 1, I and J. (Give chemical formulae. Explanations
are not required.)

A: Al(SO4); (08)

b/ B: Pb(NO:)2 (08)
Oqg* C: CuCly (08)
D: FeSO4 (08)

B PbS04 (08)

F: Al{OH) 07)

G: NaAlO:  or  NaJAl(OH)4] (07)

H: PbCh (07)

I: Cu(OH)2 (07)

J: [Cu(NH3)](OH)2 or [Cu(NH3)4}(NO3)2 or [Cu(NHz)a]™ + 2(NOs) or 20H (07)*

{(No marks for names and if any part of the formulae are wrong.)

9(a) (75 marks)
*If only [Cu(NH:).]"is given award 04 marks.

(5) A sample of 5.00 g of white brass [Cu-Zn-Sn alloy} used to make inexpensive jewellery,
was dissolved in 10.00 em® of conc. HNO, acid and diluted to 1.00 dm® in a volumetric flask
- with water. '
The resultant solution X, contains Cu?*, Zn®" and $n** as the only metal ions.
(Sn= 1187, Zn=65.3, Cu=63.5, 0=160, C=12.0, H= 1.0)

Experiment A

Upon adding dilute NaOH to 50.00 cm® of solution X, a precipitate is formed. On the addition
of excess NaOH, part of the precipitate dissolves, resulting in @ precipitate having a mass
of 0.0925 g.

Nete: Consider that Sn®* reacts with dil. NaOH in a manner similar to that of Zn*",
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Experiment B

To 25.00 cm® ﬁortion of solution X, solid Na,CO, was added to reduce the acidity of the medium.
Then excess 5% KI solution was added.

Upon adding I, Cu?* reduces to Cul(s), producing L. A certain amount of the total 1, formed is
redoced back to I by Sn*', which completely oxidizes to Sn*. The remaining I, was titrated
with standard 0.05 mol dm™ Na,8,0, solution using a few drops of starch sohmon as the
indicator, The velume of Na, 8,0, consumed was 8.00 em®.

Note: Consider that _NO ions dc not react under the above conditions.
Experiment C

To a 50.00 cm® portion of solution X, excess saturated Na‘,“CO was added resulting in a precipitate
having a mass of (.4380 g.

Note: Saturated Na,CO, will prempztate all metal ions except Li*, Na* and K*.

{i) Write balanced ionic equations for all the reactions relevant to experiment A,

Cu*(aq) + 20H" (aq) ————»  Cu(OH)x(s) (02)
Zn**(aq) +20H (ag) "  Zn(OH)(s) (02)
Zn(OH)o(s) +20H (aq)  ——>  [Zn(OH)4J*(aq) (02)
Or

Zn(OH)(s) + 20H (aq) —— ¥ ZnOy*(aq) + 2H20 (1)

Sn*"aq) + 20H" (aq) e Sn(OH)(s) (02)
Sn(OH)(s) + 20H (ag)  ————  [Sn(OH*(aq) (02)
Or

Sn(OH)(s) + 20H" (aq)  ————>  Sn02%(aq) + 2H0 (1)

(physical states are not required for any of the above equations)

(i) (10 Marks)
(ii) Calculate the percentage of Cu in the solid white brass sample.
Only Ca(OH); is in the precipitate,
molar mass of Ci(OH); = 63.5 +(16x2) +(1x2) = 97.5 g mol" (02)
Mass of precipitate from 50.00 cm®of solution X = 0.0925 g
therefore, moles of Cu{OH), = moles of Cu?' in X = _f“"ﬂw__ig:_ =9,5x 104 mol
97.5 g mol™t
(03)
Mass of Cu in alloy sample (since final volume of X is 1.00 L)
_ 9.5x 10 *mol x 1000 cm3x 63.5 g mol™* _ _
" 50.00 cm? =1.21¢g (04)
Cu% in alloy sample = ;3(1) Z x100 = 24.2% (04)
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Note *
. . 0.0925
moles of Cu{OH}), = moles of Cu**in X = .._..._._....,...._9.'____ =9.5x 10* mol
97.5 g mol™1
(give marks if the value is approximated as 1x 10° mol) (03)
Then the Cu** moles to 1x10° the value will be
_ 1.0x 10 % mol <1000 cm3x 63.5 g mol L
N 50.00 cm3 1.27¢ 04
Cu% in alloy sample = 5;'—3—3—3— %100 = 25.4%) (04)
(ii) (13 Marks)

(iify Write balanced chemical or ionic equations for all the reactions relevant to experiments

B and C.
Experiment B

Production of I

Fag)+ Cu*(ag) +& — Cul(s)
2l{aq) =  hLi{aq) +2e

2Cu(ag) +4I(aq) — lx(aq) +2Cul(s)

Partial consumption of I

Sn*{ag) -» Sn*(aq) +2e
hiag) +2¢ — 2I({aqg)

Sn*{aq) +l.(aq) — 2i{aq) +Sn*{aq)

Excess I determination

25:,0:.%(aq) +2e —  5,06%(aq)
I{aq) - 2I'{aq) +2e

25,0:%(aq) + k:(aq)

Experiment C
Cu?"aq) + COs* (aq)
Zn**aq) + COs* (aq) ——>

Sn*"aq) + COs> (aq) ——

— 2I'(aq) +S.0s*(aq)

—*  CuCOs(s)
ZnCOs(s)
SnCOs(s)

02)1  Award only if
(02) half re.actions

are written
(06)

©2) half reactions

(02) } Award only if
are written
(06)

half reactio
(02) alf reactions

(02) }Awg@gg_ly_if
are written
(06)

(02)
(02)
(02)

(Physical states are not required for any of the above equations)

(iif) (24 Marks)
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(iv) Calcnlate the mass ratio between Sn and Zn (Sn/Zn) in the white brass sample.
Moles of CU*" in 25.00 cm? of solution X = 9.5 x 104/2 —from part (ii)

Therefore, |; produced =9.5 10°/4 mol (02)

l;consumed by Sn*' = moles of Sn* in 25.00 cm?® of solution X,

. Iz produced by Cu®'- l,consumed hy Sn?* = excess |, (02)

2 x excess L moles = $,05% reacted

_0.05moldm™ x 8.00cm?
1000

~. excess l,moles =4.0 x10%2 mol = 2.0 x10™* mol (02)

= 4,0 x10™ mol (03)

Moles of Sn*" in 25.00 cm® of solution X = i, produced by Cu®'- excess I, (in 25.00 cm®)
=9.50x 10%4 - 2.0x10*

=2.38x10*-2.0x10* mol (03)
=0.38x 10" moal
Mass of Sn in alloy sample = mass of Sn?* in 50.00 cm?® of solutidn X

0.38% 10™% mol x 50.00 cm?
25.00 cm?3

x118.7 gmol™’ (03)

=0.009¢

Moles of Cu*" in 25.00 cm?® of solution X = 1x10°%/2 - from part (i)
Therefore, s produced = 1x10%/4 mol (02)

l.consumed by Sn?* = moles of Sn?" in 25.00 cm? of solution X.

- |2 produced by Cu*~ I,consumed by Sn?" = excess I, (02)

2 x excess Lmotes = 5,0:* reacted

0.05 mel dm™3x 8.00 cm3
1000

. excess lxmoles = 4.0 x10%2 mol =2.0 x10"* mol (02)

=4.0 x10* mol (03)

Moles of Sn*" in 25.00 cm® of solution X = I, produced by Cu?'- excess I, (in 25.00 cm?}
=1x10%4 - 2,0x10*
=2.5x10% - 2.0x10* mol (03)
= (0.5 x10“ mol

Mass of Sn in alloy sampie = mass of Sn* in 50.00 cm? of sotution X

_ 0.50 x 10™* mol x 50.00 cmm®
25.00 cm3

=0.0119¢

x118.7 g mol™ {03)
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in experiment C,

Mass of CuCO; +SnCO; + ZnCOs (in 50.00 cm®)= 0.438 ¢

Molar mass CuCO; =63.5+ 12 + 3x16 =123.6 g mot” (01)
SnCO; = 118.7+ 12+ 3x16 =178.7 g mol” (01)
ZnCO, =65.3 + 12 + 3x16 =125.3 g mol” (01

Moles of CuCO; = moles of Cu?" in solution X (in 50.00 cm®)

From part (ii) = 9.5x 10" mol
s, Mass of CuCO;=9.5x10"molx 123.5gmol' = 0.117g : (02)

Moles of SnCOs = moles of Sn*” in solution X (in 50.00 cm®)
From part (iv) =2 x [0.38 x 10} mol
;. Mass of SnCO;=0.76 x 10" molx 178.7gmolt” = 0.0135¢ | {02) |
Mass of ZnCQOs (from 50.00 cm? of solution X)
= mass of precipitate - mass of CuCOs~mass of SnCOs
=0.438g-0.117g-0.0135 g
=0.308 ¢ ‘ (02
.. Mass of Zn {in 50.00 cm?® of X)

0.308 g x 65.3 gmol™*
125.3 g mol™?

0.009
Mass ratio Sn/Zn = 9 ~0.056 (02)
0.161 g :

=0.161g (02)

Moles of CuCO; = motes of Cu? in solution x {in 50.00 cm?)
From part (i} ~ 1 x 103 mol
;. Mass of CuCO; = 1.0x10° molx 123.5gmol" = 0.1235g (02)
Moles of SnCO; = moles of Sn** in solution X {in 50.00 cm?)
From part (iv) =2 x [0.5x10] mot
- Mass of SnCO:=1.0x 10" mol x178.7gmot™ = 0.0179g) (02)
Mass of ZnCO; (from 50.00 cm?® of solution X)
= mass of precipitate - mass of CuCQO;- mass of SnCO;
=0.1235g-0.0179 g
=0.297 ¢ . (02)
.. mass of Zn (in 50.00 cm?® of X}

_(0.297)gx 6538 mol~?t

125.3 g mol~? =0.155¢8 (02)
0.012
Mass ratio Sn/Zn = g -0.077 (02)
. 0.155 g .
(iv) (28 Marks)

(For the calenlation of mass ratio, the students may have used (a) mass of metal in 25.00 cm?

(b) mass of metals in solid sample or 1dm? of solution X or metal percentages in solid.

However, the calculation steps should be the same.}
9(b) (75 Marks)

v
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1. (q) The following flow chart shows the indusirial extraction/manufacturing process of an element
and a compound. The following symbols are used to represent raw materials, products, and
extraction/manufacturing processes.

O JAN I

Raw material Product Extraction/Manufacturing process

thtem Brme

O N B0
A A A A MAAA

A and B are naturally occurring while € and D are produced by other industrial processes.
C can be regenerated by reacting E with water. D is regenerated in ML, H is used to remove
bardness of water,

G is a gaseous pollutant, which can be rensed in M,
(f} Write the raw muaterials A, B, C and D.

A: sca water (04}
B: CaCOs3 / limestone (04)
C: (conc) HCI (04)
D: NH3/ ammonia (04)
(i) (16 Marks)

- (ify Name the extraction/manufacturing processes M, and M,

Mi: Mg extraction / Dow Process (04)
Mz: Na2CO3 production / Solvay Process /ammonia soda process (04)
(ii) (08 Marks)

(iii) Write the products E, F, G, H and L

E: Ch (04)
F: Mg | (04)
G: CO» (04)
H: Na,COs (04)
I: CaCly (04)

- (iif) (20 Marks)

A
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(iv) State two ways in which the efficiency of the M, process can be increased.

= Carrying out amumonification prior to carbonation

« Introducing NHs from the bottom of the ammonification tower, in opposite
direction to that of brine *

» Maintaining low temperature in the towers

- Introducing CO: from bottom of the carbonation tower while brine saturated with
ammonia is introduced from the top.*
Any two of the above _ (iv) (03x2 = 06)
*Student may state as counter current principle is utilized for gaseous reactants

(v) State the importance of regenerating C and D.

Reducing manufacturing cost
Reducing environment pollution : (v) (03x2 = 06)

Note : Award marks if either HCI or NHz s identify.

(vi) Give two uses each for D and E (other than what is indicated in the flow chart or given
in the question).

Cla: water purification, TiO; production

NHj: fertilizer production, HNO3 production, for pH control in water treatment, to
prevent coagulation of rubber latex.

(vi) (01xd= 04)

Note : € and D should be correctly identified to award

marks for (iv). 10(a): 60 Marks

(b) Oxygen is essential for life. Aquatic organisms depend on dissolved oxygen in water. Dissolved
oxygen is an important indicator of water quality, commonly measured using the Winkler method.
(H=1, 0=16, §=32, I=127)

(i) Explain briefly why, oxygen has a poor solubility in water.

Oxygen is a non-polar gas (03) and water is a polar solvent (03).
The interaction between oxygen molecules and water molecules is weak (04),

so only a small amount of oxygen can dissolve in water.
| (i) (10 Marks)

({iy I State two processes that increase dissolved oxygen in a waterbody.
Two processes that increase dissolved oxygen 03x2)
Dissolution from air
Photosynthesis within the water body

II. State three processes that decrease dissolved oxygen in a waterbody.

Three processes that decrease dissolved oxygen (any, 03 x 3)
Respiration of aquatic animals

Decomposition of organic matter (dead plants and animals)

Consumption of oxygen by organic pollutants and reduced substances

Eutrophication reduces light penetration, reducing photosynthesis -
. (ii) (13 Marks)
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(iif) In the Winkler method, determination of dissolved oxygen is done in three steps. First,
dissolved ‘oxygen is fixed by oxidizing Mn(OH), to MnO,. Next, excess XI is added in
an acidic medium to reduce MnO, to Ma* liberating iodine. Finally, the released iodine
is titrated with a standard thiosulfate sohution.

I Write balanced ionic equations to represent the above three steps in the Winkler method,

I Step 1: Fixing dissolved oxygen (formation of MnO:)
2Mn(OH)(aq) + O2(g) = 2MnOa(s) + 2H20(1) 04)

Or 2Mn**(aq) + 40H (aq) + 02— 2MnOx(s) + 21LO(/)

Step 2: Liberation of iodine (in acidic medium)

MnOa(s) + 21 (aq) + 4H*(aq) > Mn**(aq) + I(aq) + 2H.0(]) (04)
Step 3: Titration of iodine with sodium thiosulfate ,

L(aq) +28:05%(aq) => 2T (aq) + S406*(aq) (04)
Physical states not required. (12 Marks)

I ¥ 12.40 coe® of 0.015 mol dm thiosulfate solution was required for the determination
of the amount of dissolved oxygen in a 100.00 cm® water sample, calculate the amount
of dissolved oxygen in water in mg dm™,

Thiosulphate used = 0.015 mol $05* dm™ x 001240 dm® = 1.86 X 10" mol $205* (03)
I produced ~1.86 X10* mol $,05% x (1 mol Iz / 2 mol 820 = 9.3 x 10 mol I, (03)
Oz present =9.3 X10"* mol I X (1 mol O2 /2 mol I} = 4.65 X 10°° mol O; 03)

DO concentration = 4.65 x10™ mol Q2 / 0.100 dm?® = 4.65 x 10 mol dm™

= 4,65 x 10" mol dm™® x 32 g /1 mol 02 = 1.49 x 102 g dm"
=1.49 x 10 g dm™® x (1000 mg/g) = 14.9 mg dm™ (04)

(13 Marks)
(iii) (25 Marks)
10 (b) 50 Marks

(c) The questions given below are related to the process of manufacturing coconut toddy from
sweel toddy.

{1} Write the main compound produced by the farmentatiqn of sweet toddy.

Ethanol (i) (08 Marks)

(i) Write balanced chemical equations to show the chemical changes that take place in sweet
toddy during the formation of the main compound you stated in (i) above.

Sucrase/
Invertase
CiH2Ony + H: O CeH1206 +  CsHi1204 (08 Marks)
Glacose Fructose
CeHpOQs — _Yeast 2C:HsOH + 2C0; (08 Marks)

(ii) (16 Marks)
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(iii) Name the method used o separate the main compound given by you in (i) above, from
coconut toddy, _
Fractional Distillation (iii) (06 Marks)

(iv) State why the method named in (iii) above is used to separate the main compound.

This technique is used to separate components, which are miscible and have
different boiling points. The boiling points of ethanel and water are different
from each other.

Note: All 4 points must be written to award the 10 marks |
Gv) (10 Marks)

10 (c) 40 Marks

%k
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