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Tnstructions:

Periodic Table is provided.
This paper consists of 09 pages.

Answer all the questions.

Use of colculators is not allowed.

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

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

In each of the questions 1 to 50, pick one of the alternatives from (1), (2}, (3), (4), (3) which is correct
or most appropriate and mark your response on the answer sheet with a cross (x) in accordance
with the instructions given on the back of the answer shees.

#

Universal gas constant R = 8314 J K™ mol™!
Avogadro constant N,= 6022 x 10” mol!
Planck’s constant h = 6626 x 100 s
Velocity of light c =3 x 108 ms!

. The number of unpaired electrons present in a gaseous Co* ion in its ground state is,

. Which quantum number(s) {n, I, m, m) is/are associated with the shape of an atomic orbital of

. What is the TUPAC pame of the compound shown below?

. The correet answer when the molecules O,, H,0, H,0,, OF, and O,F, (structure similar to H,0,)
are arranged in the deereasing order of the oxidation state of oxygen (O} is,
(1) O,F,>OF,>0,>H,0>H0, 2y H,0>H,0,>0,>0,F,>0F,

(3) H,0,>0,F,>0,>0F,>H0 (4) OF,>0F,>0,>H,0> H,0,
(5) OF,>0O,F,>0,>H,0,>H0

. The most acceptable Lewis structure for the thiocyanate ion SCN is,

. The molarity (mol dm™) of a Nal solution which has a density of 1.03 g cm™® and is 3% Nal

(1 @ 2 @33 4 4 5y 5

an atom?
! (2) my (3) n and [ (4) n and m, (5) I and m,

CH,CH,CH—C=CHCO.H
Br NO,

(1) 4—bromo-3-nitro—2-hexenoicacid (2) 4-bromo—3-nitro~2-hexenoic acid
(3) 3—nitro—4-bromo—2-hexenoicacid (4) 3-nitro—4-bromo—2-hexenoic acid
(5) 3-bromo-4-nitro—4-hexenocic acid

o . . .. e O . o 6 O
(1) :§—CEN (2) §=C=N: (3) SEC—&I: (4 §=CEN! (5) 5=C=N

.

by mass is,
(Na = 23,1 = 127)
(1) 021 (2) 0.23 (3) 0.25 4 028 5y 030

vy
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7. Precipitates of Agl and AgBr were added to a small amount of distilled water. This mixture was
allowed to reach equilibrium at 25 °C. It was observed that both the solids were present in the
system at equilibrium. Which of the following relations is applicable to this solution?

(K pagy =80 % 1077 moldmS, K, .. = 5.0x 10" mol? dm at 25 °C)

(1) [Br]=v50x10" moldm™ and [I']=+8.0x10"" mol dm?

) [Br] (Il = [Ag*P?

3 [Ag+] = (JS.@xlo—” +J3.0x10-17) mol dm

r]_350 x 10%
“) [I_] 80

() [Ag’] = [Br] = {I']

8. Which of the following statements is false?

(1) Although the carbonates of all the group two metals in the Periodic Table are insoluble in
water, their bicarbonates are soluble.

(2} The hydroxides of all the group two metals in the Periodic Table are soluble in water,

(3) The nitrates of all the group two metals in the Periodic Table are soluble in water.

(4} The oxides and hydroxides of Na and Mg show basic properties whereas the oxide and
hydroxide of Al show amphoteric properties.

(5) The hydrides of Si and S show weakly acidic properties.

. In which list are the elements given in the order of increasing (left fo right) atomic radii?
(1) Li, Na, Mg, S 2) C, 8, 5, A 3 B,C,N, P
(4) Lj-‘) Nﬂ., K’ Ca (5) B, Be, Nﬂ, K

. Liquids A and B form an ideal solution. Consider a mixture of liquids A and B in equilibrium
with the vapour in a closed rigid container at constant temperature. P; and P respectively are

the saturated vapour pressures of A and B while P is the total pressure of the container and X8
is the mole fraction of Ain the vapour phase. Which of the following is correct about this systcm?

1 1 1
1) P=(P°—P°) X + P oy Lofl_ Ly, L
() (A B) A B () P (PK PBD) A P]'_;:

@ &

1. The increasing order of boiling points of the following substances is,
He, CH,, CCl,, CBr,, SiH,

(1) CH; < He < SiHl, < CCl, < CBr, (2) He < SiH, < CH, < CCl, < CBr,
(3) He < CH, < SiH, < CCl, < CBr, {4) CH, < He <SiH, < CBr, < CCl,
(5) He < CH, < CCl, < SiH, < CBr,

12. Identify the correct statement from the following.

(1) Among the electronic transitions n=2—sn=1, n=3 — n=2 and n=4 — n=3 in a hydrogen
atom, most energy is released in n=3— n=2.

(2) Among the species OF,, OF, and SF,, the least stable is SF,.

(3) Among the elements Li, C, N, Na and P, the least clectronegative element is Li.

(4) In the following pairs (Li & F), (Li* & F7), (Li* & O%) and (O & F), the difference
in radii is greatest between Li* and Q%

{5) The only type of intermolecular force present in CH,C], in the liquid phase is dipole-dipole
forces, J/

[See page three
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13. Consider the reaction: CHyg) — CH,(g) + H(g)

The standard change in enthalpy of the above reaction is,

(1) the standard enthalpy change for the dissociation of the first C—H bond in methane.
(2) the standard atomisation enthalpy change of methane.

(3) the standard first ionisation enthalpy change of methane.

(4) the standard bond dissociation enthalpy change of methane.

{5) the standard radical formation enthalpy change of methane.

. The elementary reaction 2A(g) —> B(g) occurs in a closed rigid container at a constant temperature.
Initial pressure of the container is P, and the pressure when the rate of reaction is 50% of the initial

. F
value is P.. Which of the following gives the correct value for —?
¢ P

1 E 1+\2 V2 B _
B,

i _ f_ 2
(Z)E—ﬁ (3)E—m— (4)ﬂ_1+\/§(5)

I+

. An equimolar aqueous solution of the weak actds HA and HB (1.0 mol dm™ in each acid) with pK,
values 4.7 and 5.0 respectively is at equilibrium. The value of log [[[%] is approximately equal to,

(1) 23.5 (2) -03 3) 03 4) 094 (5) 106

. Which of the following statements about C.H,OH is false?

(1) Reacts with CH,COCl to form a phenyl ester.

{2) Reacts with bromine water to give a white precipitate.

(3) Evolves CO, gas when treated with NaHCQO,.

(4) Gives a coloured compound when treated with CHN;CI™ in the presence of NaOH.
(5) Gives a coloured (purplish) solution when treated with neutral Fe(l,.

. The half life of a reaction is,
(1) always independent of the initial concentration of reactants.
(2) always dependent on the rate constant.
(3) always independent of the order of the reaction.
(4) always independent of temperature.
(5) equal to twice the total reaction time.

. Electromotive force of an electrochemical cell does mot depend on,
(1) the nature of the electrolytes.
(2) temperature.
(3) the concentrations of the electrolytes.
(4) the surface areas of the electrodes.
(5) the types of metals that form the electrodes.

I0; (iodate ion) oxidizes the Sog‘ ion to soi‘ in acidic medium. The mass of KIO, required to
totally oxidize the amount of Na,SO, present in 25.0 cm? of a solution of Na,SO; (0.50 mol dm™) to
Na,S0, is 1.07 g. (O=16, K=39, I=127)

The final oxidation state of iodine after the completion of the reaction is,

H -1 2 0 (3) +1 4 +2 (5) +3

. Which of the following statements is false with regard to the s-block elements in the Periodic Table?
(1) All elements in group I react with water lLiberating H, gas.
(2) All elements in group I except Li react with N, gas.
(3) All elements in group H react with N, gas.
(4) Na reacts with excess O, to give Na,0, whereas K gives KQ,.
(5) All elements in the s-block are good reducing agents.

/
[See page four
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21. A system consisting of two rigid containers containing an ideal gas is shown in the diagram,

. Which of the following statements is false with regard to 3d-elements of the Periodic Table?

. Standard Gibbs energy changes for the reaction, MO(s)} — M(s) + %Oz(g) at two different

24. Which of the following represents a correct step in the mechanism of nitration of benzene with

ﬁ‘

The containers can be connected to each other by opening the tap. The system changes from
configuration A to configuration B when the tap is opened. In general n, P, V and T represent
number of moles, pressure, volume and temperature respectively.

Py, PV,

T

L

i

configuration A (tap closed) configuration B (tap opened)

Which of the following relations is correct about this system?

BT PRT,
() PV, =PV, 2) %1+ 7 = 2T,

@ PT, =PI, ) RY+BY, =R +Y)

(1} Atomic radii are smaller than the atomic radii of the s-block elements in the same period.

(2) Densities are higher than the densities of the s-block elements in the same period.

(3) V,0,, CrO, and Mn,O, are acidic oxides.

(4) First ionization energies are less than the first ionization energies of the s-block elements in
the same period.

(5) The most common oxidation states of cobalt in cobalt compounds are +2 and +3.

temperatures are given below.

T/K AG°/kJ mol™!
1000 -1002
2000 -148.6

The standard entropy change of the reaction is,
(1) 248.8 J K-! mol! ' (2) —248.3 J K1 mol™! (3) —484JK-! mol”
(4) 3484 J K- mol! (5) 484 J K mol!

conc. HNO, / conc.HZSO4?
H

* NO
NO, o, 0, -
o — g™ 00" —

¢ uso;

0,
NO, NO, NO,
(3) O’ _ d (4) @L — @N + H,S0,

0,

NO,

HSO"

A

[See page five
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25, @(((jOZH (1) NaBH, R X excess
2) H'/H,0 CH,MgBr
H,CH,COCH, @ H'/H, Hs

In the reaction sequence given above, the structures of X and Y respectively are,
,COH CO,MgBr

1
M @ICHZCHE(fHCHj (OICHZCHZ(!}HCHB

OH OMgBr

CH,0H CH,OMgBr
G o,
H,CH,COCH, CHZCHZ—?—Cﬂa
OMgBr
@EOZH @:COZMgBr
HzCHzfliHCHs CHZCHZCfHCH3
OH

H3
COH —OMgBr
@cn CH,CHCH CH;
) CHZCHZSIHCHS
OMgBr

on

OH

CH,

- I
CHO (IZ—OMgBr
H
@CHZCHQCHCHa
| CH,CH,CHCH,

OH MgBr
. When (NH,),CO,(s}, (NH,},Cr,04(s} and NH,NO.(s) are heated, the nitrogen containing compounds
obtained are respectively,
(1) NH,, N, and NO, (2) N,O, N, and NH, (3) NH,,N, and N,O
4) N,, N,O and NH, (5) N,, NH, and N,O

27. Which of the following would occur soon after connecting a rod of Zn and a rod of Ag immersed
in a saturated solution of AgCl and AgCl(s) kept in a beaker as shown in the diagram, by a
conductor?

Zn?*(aq) + e — Zn(s) B = =076 V

AgHaq) + ¢ — Ag(s) B = 0.80 V Zn é‘ﬁ’
(1) Zn dissolves, Ag deposits, AgCI(s) dissolves.

(2) Zn dissolves, Ag dissolves, AgCl(s) dissolves.
(3) Zn dissolves, Ag dissolves, AgCl(s) deposits.
(4) Zn deposits, Ag dissolves, AgCl(s) dissolves.
(5) Chloride concentration in the solution decreases.

| -
Ag' Cr

WD

vy

[See page six
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28. In the reaction sequence given below, the structures of P and Q respectively are

Hg?* /dil. H,S0, p _ Zn/Hg
conc. HCI

?

C,H,C=CH

Q

(1) CSHS(E=CH2 , C;H,CH=CH, 2) CGHSCH=?H , C;H,CH=CH,

OH OH
OH

I
(3) CH—C—CH, ,CGHS—(li—CHa 4 CH,—~C—CH, , C;H,CH,CH,
H
5) ucﬁﬂﬁr;J:=CH2 ,cﬁHS(IZHCH3
OH OH

. Which of the following statements is incorrect regarding polymers?

(1) Bakelite is a thermosetting polymer.

(2) Teflon is a thermoplastic polymer.

(3) Nylon 6,6 is formed by addition polymerisation between 16-diaminohexane and hexanedioic
acid.

(4) Terelene is formed by condensation polymerisation between ethylene glycol and terephthalic
acid.

(5) Natural rubber consists of cis-polyisoprene chains.

. An experiment was carried out to find the order (m) with respect to 5205_ of the reaction

320§'(aq)+2H*‘(aq)—*HZO(I)+302(g)+S(S). Initial rate of the reaction (R) was measured

by adding different volumes (v) of 001 mol dm™ §,02 into a solution of an acid. The H*

concentration of the reaction mixture was kept constant, but the total volume (V) was allowed

to vary. Which of the following relations regarding the initial rate of the reaction is correct?
m 1 1

m R“(%} @ R (3 Rav® (4 R“(%]m (5) R« V"

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

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

(2) 1if only (P) and (c) are correct.

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

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

(3} if amy other number or combination of responses is correct.

Summary of above Instructions

(1) )] (3) (4) (5)
Only (a) and (b)| Only (b) and (c) Only (c) and (d) Only (d) and (a) Any other number or
are correct are correct are correct are correct combination of
responses is correct

31. Consider a titration between a weak acid (fixed volume) and a strong base. Which of the following
is/are independent of the weak acid concentration?
{a) pH at the equivalence point.
(b) Volume of the strong base required to reach the end point.
(¢} Dissociation constant of the weak acid.
(d) Value of [H'] x [OH] of the solution in the titration flask.

vy

[See page seven
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32. Which of the following statements is/are true regarding the molecule given below?
CH,—C=C—CHO
a’ b ¢ E

(@) All four carbon atoms lie in the same plane.

(&) The angle between Cg—H and the Cg—C, bonds is approximately 120°.

(c) Between Cp, and Cg, there are two c-bonds and one s+-bond.

(d) Between Cp, and C,, there is one d-bond and two s-bonds.

. Which of the following statement/s isfare trme with regard to the manufacture of Na,CO,?
(@) CO,is one of the raw materials used.
(b) The reaction between CO, and aqueous NaCl saturated with NH, is endothermic.
(¢) The manufacturing process involves five stages.
(d) Most of the NH, used in the process can be recovered.

. Temperature must be maintained at a constant value during the experimental determination of the
order of an elementary reaction, because,
(@) the order of the reaction depends on temperature,
(b) the activation energy changes with temperature.
{c) the mechanism of the reaction changes with temperature.
(d) the rate constant changes with temperature.

. Which of the following statement/s is/are true regarding ethene and ethyne?
{@) CaC, reacts with water to form ethyne.
(b) CaC, reacts with water to form ethene.
(c) Ethene reacts with ammoniacal AgNO, to give a precipitate.
(d) Ethyne reacts with ammoniacal Cu,Cl, to give a precipitate.

. Which of the following statement/s is/are true with regard to halogens?
(@) The boiling points of halogens increase down the group.
(p) Unlike other halogens, fluorine always has an oxidation state of (-1) except in F,.
(¢) All halogens are good reducing agents.
() Although fiuorine is the most reactive of all the elements in the Periodic Table, it does not react
with inert gases.

. For the reaction C(s)+CO,(g) = 2CO(g) occurring in a closed rigid container, percentage yields of
CO(g) at 700 °C and 800 °C are 60% and 80% respectively. Which of the following statement/s
isfare correct regarding the above reaction?

(a) The reaction is endothermic.

(b) The reaction is exothermic.

(¢) Reverse reaction is favoured by decreasing the temperature.

(d) Equilibrium can be shifted towards the reactants by removing C(s).

. Cyclopropane — propene is an elementary reaction.
Which of the following statement/s is/are correct regarding the above reaction?
(a) Half life of the reaction depends on cyclopropane concentration.
() Rate of the reaction does not depend on propene concentration.
(¢) The fraction of cyclopropane molecules having energy greater than the activation energy
increases with increasing temperature.
(d) Reaction occurs via a bimolecular collision {molecularity = 2).

. Which of the following statement/s isfare true regarding 3-hexene?
(@) Does not show geometric isomerism.
(b) Shows optical isomerism.
(¢) The compound obtained when reacted with H, /Pd does not show optical isomerism.
(d) The compound obtained when reacted with HBr shows optical isomerism.

vy
[See page eight
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40. Which of the following statements is/are correct with regard to the nitrogen cycle?
{@) N, in the atmosphere is fixed only by atmospheric and industrial fixation.
() N, is reduced during atmospheric fixation.
(¢) N, is oxidized during industrial fixation.
@ Nltrates and nitrites formed during atmospheric fixation are utilized by plants to make proteins
when the rainfall deposit them on the ground.

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

First Statement

Second Statement

True True, and
True True, but
True False
False True
False False

correctly explains the first statement
does not explain the first statement correctly

First Statement

Second statement

BaCO, is more thermally stable than MgCO,.

Polarizing power of group two cations decreases
down the group.

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

Nitrogen is less electronegative than oxygen.

. | A reaction at equilibrium can be driven forward

(i.e. shift of equilibrium point to the right) by
adding a catalyst.

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

CO%’ and SO%' ions have similar shapes.

Central atoms of both coz' and SOZ“ have
lone pairs of electrons.

. | The beiling point of CH,CH,CH,OH is higher

than the boiling points of CH,CH,CHO and
CH,COCH,.

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

.]A reaction occurring spontancously in an

isolated systern always has a negative Gibbs
energy change.

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

. | Commonly used soap contain the sodium or

potassium salts of fatty 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 sedium or potassium salt of the
carboxylic acid and the alcohol.

.| C,HBr does mnot react easily with NaOH to

form CH.OmL.

The phenyl carbocation is very stable.

.| When an aqueous solution of a weak acid is

diluted, both the fraction of dissociated acid
molecules and pH of the medium are increased.

Dissociation of weak acid molecules occur in
such a way that the acid dissociation constant
K, remains constant.

.|In the presence of sunlight CO, is fixed in

green plants.

Increase of CQO, level in the atmosphere cannot
be controlled by green plants.

vy

[See page nine
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[Index No.:

A Periodic Table is provided on page 16.

Use of calcnlators is not allowed,

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

Avogadro constant, N, = 6022 x 102 mol™!

In answering this paper, you may represent alkyl groups in a condensed manner,
H H

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

H H
O PART A — Structured Essay (pages 2 - 8)

Answer all the questions on the question paper itself.
Write your answer in the space provided for each question. Please note that the space provided is sufficient
Jor the answer and that extensive answers are not expected.

O PART B and PART C — Essay (pages 9 - 15)

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

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

For Examiner’s Use Ouly
Part | Question No. Marks

1

In Numbers

In Letters

Code Numbers

Marking Examiner 1

Marking Examiner 2

Checked by

v W= ] AWM

Supervised by :

—_
L]
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(v) Consider the hydrides of the elements in the group to which X belongs, which are
analogous to Y. Sketch the variation in 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 mot required.)

Boiling point '

> Hydride
(vi) Give reasons for the variation in boiling points in part (v) above.

(vii) I. Write what you would observe when an excess of an agueous solution of Y is

added to a solution of AL(SO,),.

II. Write the chemical formula of the species that gives rise to your observation in
part I above,

(viii) Give one chemical test to identify Y.
Test:

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

II. State the products obtained when hot concentrated Z reacts with sulphur,

690 marks)
(b) A and B are compounds of two p-block clements that belong to the same group in the

Periodic Table. A exists as a colourless, odourless liquid 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. Tonic and polar compounds are readily soluble in A.

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

(i) Identify A and B.

(ii) Sketch the shapes of A and B showing lone pairs of electrons where necessary.

W

F

[see page five
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(iii) Giving reasons, state whether A or B has the larger bord angle.

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

action of A.
L. A a8 AT ACIA it e i e et iar eyt eieiiaeretisetenereninneaeaaarts

(vi) 1. Write what you would observe when A and B are added separately to an acidified
solution of BiCl,.
with A (EXCESS): riiiiiiiiiiicicinniniins

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

3. The reaction A + B = 2C + D (elementary in both directions) was carried out at 23 *C, Initially, the
reaction mixture was made by dissolving .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.
grap conceniration (mol dm)

1.0

040 i ( . )
20 40 60 80 1po UHmelmn

(i) Calculate the amount of A {in moles) reacted during the first 4.0 minutes of the reaction.

(ii) Would the rate of the forward reaction be Iess than the rate of the reverse reaction after
4.0 minutes? Explain your answer.

-

[see page six
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() (1) Give the mechanism of the following reaction.
C,HOH + HBr — CHBr + HO

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

(iif) State giving reasons which of the two compounds, phenol (CH,0H) or ethanol (C,H,OH)
is more acidic.

(3.0 marks)

PART C — ESSAY
Answer two guestions only., (Each question carries 15 marks.)

8. (a) An aqueous solution P contains two cations and two anions. The following experiments were

carried out to identify these cations and anions.

Cations

Experiment

Observation

P was acidified with dilute HCl and H,S was bubbled
through the solution,

A clear solution was obtained.

The above solution was boiled till all the H,S was removed.
A few drops of conc. HNO, were added and the solution
was heated further. The resultmg solution was cooled and
NH,Cl/NH,OH was added.

A brown precipitate (Q) was
formed.

Q was remgved by filtration and H,S was bubbled through
the filtrate.

A pale pink precipitate (R) was
formed.

R was removed by filtration and the filtrate was boiled
till all the H,S was removed. (NH4)2CO3 was added to
the solution,

A clear solution was obtained.

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
was added.

A light purple solution was
obtained.

R was dissolved in dilute acid and dil. NaOH was added
to the solution.

A white precipitate was formed.
It turned brown on standing.

Anions

Test

Observation

. BaCl solutlon was added to P,

dil, HC] was added to the precipitate.

IL| The wh1te preclpltatc was separated by ‘filtration and |

A white precnpltate was formed

The white prempltate was not
dissolved.

CL, water and chloroform were added to a portion of
the filtrate from & 11, and the mixture was throughly
shaken.

Chloroform layer turned
yellowish-brown.

~

Esee page thirteen



https://pastpapers.wiki/

" AL/2018/02-E-II(B, C) ~13-

(i) Identify the two cations and the two anions in solution P. (Reasons are not required.)}
{ii) Write the chemical formulae of the precipitates Q and R.

(iif) Give reasons for the following:
I. Removal of H,S in experiment & for cations.
II. Heating with conc.HNQ, in experiment @& for cations.
(7.5 marks)
(b The sample X contains lead, copper and an inert material. The following procedure was carried
out to analyse lead and copper in X,
Procedure:
A mass of 0.285 g of X was dissolved in a slight excess of dil. HNO,. A clear solution
was obtained. A NaCl solution was added to the resulting clear solution. A white precipitate
(Y) was formed. The precipitate was separated by filtration and the precipitate (Y) and
filtrate (Z) were analysed separately.
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,S,0,, with starch as
the indicator. The volume of Na,S$,0, required to reach the end point was 27 00 cm®.
(Assume that the NOZ ions do met 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,8,0,, with starch as the indicator. The velume of Na, S ,O; required
to reach the end point was 15 00 cm®.
(Note: Assume that the inert material was soluble in dil. HNO, and did not interfere with
the experiment.)
(i) Calculate the mass percentages of lead and copper in X. Write balanced chemical equations
where relevant.
(ii) What is the colour change at the end point in the titration carried out in the analysis of
precipitate 'Y?
(Cu = 635, Pb = 207)
(75 marks)

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

(i) Identify three greenhouse gases that contribute to global warming. State two consequences
of global warming.

(ii) 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.

(iii) Name the chemical species responsible for the environmental issue identified in (ii) above
and state three water quality parameters that are likely to be affected by this issue.

(iv) Identify two environmental issues that change (increase or decrease) the ozone level in
the atmosphere and explain briefly how these changes take place with the aid of balanced
chemical equations.

(v} 1. “Most of the harmful gases in vehicle exhausts are converted to relatively harmiess

gases by catalytic converters.” Briefly explain this statement.
II. Name the harmful gas (except CO,) that is not converted to a less harmful gas by the

catalytic converter. State briefly how this harmful gas is formed in the vehicle engine.
(7.5 marks)

-
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{&) The flow chart given below shows the production of two important compounds P, and P, and
three other important compounds P,, P, and P, derived from them. P, is used as a raw matenal
in the manufactore of Na,CO,. P can be manufactured by the reactlon between P, and P,.
P, is vsed as a fertilizer and as an exploswe P, is also used in the manufacture of P, which is
a wndely used fertilizer. P, is used (o synthesme an important thermosetting polymer P

M Manufacturjng process m Physical/chemical process o A Raw material
obtain raw material

P | Preduct @ Source of raw material

Unreacted raw material(s) / substance discharged
to the atmosphere during physical and/or
chemical process

Answer the following questions based on the above flow chart.
() Identify P, P,, P,, P, and P,
(i) Identify R,, R, and R,
(iii) Identify X,, X, and X,
(iv) Identify S.
(v) Briefly state the processes taking place in PC,; and PC, giving balanced chemical equations
where applicable.
(vi) Identify manufacturing processes M;, M, and M,. (e.g. contact process or manufacture of
1,50,.)
(vit) Give balanced chemical equations with appropriate conditions, for reactions taking place in
Ml’ M2 and Ms'
{viii) 1. Give one use of each compound P, and P, other than those mentioned above.
. Give one use of R, in the manufacturing process P, other than being used as a raw
material. (7.5 marks)

-~

[see page fifteen
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10.(2) A and B are complex ions, (i.e. metal ion and ligands coordinated to it) with an octahedral
geometry. They have the same atomic composition of MnC.HN_.. In each complex
ion, two types of ligands are. coordinated to the metal ion. When an aqueous solution
containing A is treated with a potassium salt, the ceordination compound C is formed.
C gives four ions in aqueous solution. When an aqueous solution containing B is treated with a
potassium salt 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 {reatment with the
potassiim  salt).

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

(i) Give the structures of A, B, C and D.
(iii) Write the electronic configurations of the manganese ions in A and B.
(iv) Write the TUPAC names of C and D.

(i) 1. Write the reduction half reaction corresponding to the electrode,
Ag(s)| AgCl(s) | Cl(ag).
1. State whether the electrode potential of Ag(s)| AgCl(s)|Cl'(aq) depends on the Ag
concentration in the solution. Explain your answer.

(ii) Congider the following reaction.

Fe(s) + 2H'ag) + 3049 — Feaq) + HO0)

1. Write the oxidation and reduction half reactions relevant fo the above reaction.

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

= -044V =123V

E¢ E’
Fe?* (aq)/Fe(s) H* (aq)/0, (2)/ HyO(1)

(iii) A constant current of 100mA was passed through 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. '

&2 Ca™(ay) Brag) =)

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

II. Calculate the time taken for the commencement of precipitation of Ca(OH),(s). Solubility
product of Ca(OH), at 25 °C is 1.0x 1073 mol® dm™. Neglect the ionization of water. Assume
that the volume of the aqueous phase remains constant.

(7.5 marks)

[see page sixteen
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([nstructions: b
% Periodic Tublg is provided. '
# This paper consists of 09 pages.
% Answer all the questions,
# Use of colculators is not allowed.
¥ Write your Index Number in the space provided in the answer sheer.
% Follow the instructions given on the back of the answer sheet carefilly.
& In ecach of the questions 1 to 50, pick one of the alternatives Jrom (1), (2), (3), (4), (5) which is correct
or most appropriate and mark your response on the answer sheet with a cross (x} in accordance
g with the instructions given on the back of the answer sheet.

Universal gas constat R = 8314 § K™ mol!
Avogadro constant N,= 6022 x 10% mol™!
Planck’s constant h = 6626 x 10r™Js
Velocity of light ¢ =3 x 10 ms™!

1. The number of unpaired electrons present in a gaseous Co™ jon in its ground state is,

1 (2) 2 (3) 3 “4) 4 5) 5
2. Which quantum nﬁmbcr(s) (n, &, my, m) is/are associated with the shape of an atomic orbital of
an atom? .
ay 1 (2) m, (3) n and | (4) n and m, (3} ! and m,
3. What is the JUPAC name of the compound shown below?
' CI—QCH%)H-—»E#CHCOZH
Br NOI Il
(1) 4-bromo-3-nitro-2-hexenoicacid (2} 4~bromo-3-nitro-2-hexenoic acid
(3} 3~nitro—d-bromo-2-hexenoicacid (4) 3-nitro-4-bromo-2-hexenoic acid

(3) 3-bromo-4--nitro—4-hexenoic acid

4. The correct answer when the miolecules O,, H,0, H,0,, OF, and Q,F, (structure similar to H,0,)
are arranged in the decreasing order of the oxidation state of oxygen (O) is,
(1) OF,>0F,>0,>H,0> H,0, (2) H,O> H,0,>0,> O,F, > OF,

(3) H,0,>0F,>0,>0F,>H0 ) OF,>0F,>0,>H,0>H,0,
(5) OF,>0,F,>0,>H0,>H,0 |
3. The most acceptable Lewis structure for the thiocyanate ion SCN™ s,
€ . . 5 B @ - B S Q@ O
(1) :$S—C=N (2) 5=C==N: 3 _SEC-—RI: (Y] §-_—"CEN: 3 S%&}?

6; The molarity (mol dm-%) of a Nal solution which has a density of 103 g cnr3 and is 3% Nal

by masg is,
Na = 23,1 =_12?)
(1) 0.21 (2) 023 (33 025 _ 4) 028 5y 630
A v
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7. Precipitates of Agl and AgBr were added 1o a small amount of distifled water. This mixture was
allowed to reach equilibrium at 25 °C. It was observed that both the solids were present in the
system at equilibriun. Which of the following relations is applicable to this solution?
(K ppagny =80 % 1077 mol dms, Kopgpg = S0 10-1* mol? dm™ at 25 °C)
(1) [Br)= 5010 moidm? and (I} = V80x10™ mol dm
(2) [Br] [F] = [Ag']
3) [Ag"]=(\/5.0x10-13+\/8.0x10"'7) mol i
Br™] _ 50194
4 L_l = e X 10
) ] 30
(5) [Ag'] = [Br}] = (I
8. Which of the following statements is false?
(1) Although the carbonates of all the group two metals in the Periodic Table are insoluble in
water, their bicarbonates are soluble.
(2) The hydroxides of all the group two metals in the Periodic Table are soluble in water.
(3) The nitrates of all the group two metals in the Periodic Table are soluble in walter.
(4) The oxides and hydroxides of Na and Mg show basic properties whereas the oxide and
hydroxide of Al show amphoteric properties.
(5) The hydrides of Si and S show weakly acidic properties.
9. In which list are the elements given in the order of increasing (left w right) atomic radit?
(1) Li, Na, Mg, S 2y C, 8i, 8, Cl (3 B,C,N, P
(4) Li, Na, K, Ca (3) B, Be, Ng, K
10. Liguids A and B form an ideal solution. Consider a mixture of liquids A and B in equilibrium
with the vapour in a closed rigid container at constant temperature. Py and P respectively are
the saturated vapour pressures of A and B while P is the total pressure of the container and X§
is the mole fraction of A in the vapour phase. Which of the following is correct about this systern?
1 _|.1 ] 1
() P=(R-F) X4+ Fy @ = [;K--— —Pg] X§+ T
Lt :
1 1 111
P )X
11. The increasing order of boiling points of the following substances is,
He, CH,, CCl,, CBr,, SiH,
(1) CH, < He < SiH, < CCl, < CBr, {2y He < SiH, < CH, < CCl, < CBr,
(3) He < CH, < SiH, < CCl, < CBr, (@) CH, < He <SiH, < CBr, < CCl,
(5} He < CH, < CCl; < SiH, < CBr,
'12. Identify the correet statement froni the following.
(1) Among the electronic tramsitions n=2—sn=1,n=3—n=1 and n=4-—n=3 in a hydrogen
atom, most energy is released in n=3-—n=2.
(2) Among the species OF,, OF, and SF,, the least stable is SF,.
(3) Among the clements Li, C, N, Na and P, the least electronegative element is Li.
@) In the following pairs (Li & F), (Li* & F7), (Li* & 0*) and (O™ & F7), the difference
in radii is greatest between Li* and 0% _
(5) The only type of intermolecular force present in CH,CL, in the liquid phase is dipole-dipole
\. forces. ~
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13. Consider the reaction: CH, (g) -~ CHs(g). + H®

14.

18.

16.

17.

18.

19,

The standard change in enthalpy of the above reaction is,

(1) the standard enthalpy change for the dissociation of the first C—H bond in methane
(2) the standard atomisation enthalpy change of methane.

(3) the standard first jonisation enthalpy change of methane,

(4) the standard bond dissociation enthalpy change of methane.

(5) the standard radical formation enthalpy change of methane.

The elementary reaction 2A(g) — B(g) occurs in a closed rigid container at a constant temperature.
Initial pressure of the container is F, and the pressure when the rate of reaction is 50% of the initial

value is P. Which of the following gives the correct value for -{)’—‘?

o1 oo 1 1+42 E__ B _2-1
"2 @ =7 (3)1’ s PETLE® BETLS

o

09|

(1)

An equimolar aqueous solution of the weak acids HA and HB (1.0 mol dm™3 in each acid) with PK,
values 4.7 and 5.0 respectively is at equilibrium. The value of log (%}}] is approximately equal to,
{1y 23.5 2y -03 (3 0.3 4y 094 (5) 106

Which of the following statements about CH,OH is false?

(1) Reacts with CH,COC! to form a phenyl ester,

(2) Reacts with bromine water to give a white precipitate.

(3) Evolves CO, gas when treated with NaHCO,.

{4) Gives a coIoured compound when treated wnh C HﬁN CI" in the presence of NaOH,
(5) Gives a coloured (purplish) solution when treated with neutral FeCl,.

The half life of a reaction is,

(I) always independent of the initial concentration of reactants.
(2) always dependent on the rate constant.

(3) always independent of the order of the reaction.

(4) always independent of temperature.

(3} egual to twice the total reaction time.

Electromotive force of an electrochemical celt does not depend on,
{1) the nature of the electrolytes.

(2) temperature.

(3) the concentrations of the electrolytes,

(4) the surface areas of the electrodes.

{5) the types of metals that form the electrodes.

10; (iodate fon) oxidizes the SO ion to SOZ" in acidic medium. The mass of KIO, required to
totally oxidize the amount of Na,SO, present in 25,0 cm® of a solution of Na,50, (0.50 mol dm™) to
Na,50,is 1.07 g. (O=16, K=139, I=127)

The final oxidation state of iodine afier the completion of the reaction is,

(1) -1 () 0 3) +1 @ +2 ) +3

Which of the following staternents is false with regard to the s-block elements in the Periodic Table?
(1) All elements in group I react with water liberating H, gas.

(2) Al elements in group I except Li react with N, gas

(3) All elements in group II react with N, gas.

(4) Na reacts with excess O, to give Na,0, whereas X gives KO,.

(5) All elements in the s—block are good reducing agents.

rr ~
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21. A system consisting of two rigid containers containing an ideal gas is shown in the diagram.
The containers can be connected to each other by opening the tap. The system changes from
configuration A to configuration B when the tap is opened. In general n, P, V and T represent
number of moles, pressure, volume and temperature respectively.
PV, PV, P, P,
T, =2 T, T
n n T, T,
configuration A (tap closed) configuration B (tap opened)
Which of the following relations is correct about this system?
L BL _op L _L
(1 PV, =PV, (2) "'}",‘—*‘-‘E" = 2T, 3 F} = *}32—
@ PT, = BT, (5) BY+ BV = A+ 1)
23. Which of the following statcments is false with regard to 3d-clements of the Periodic Table?
(1) Atomic radii are smailer than the atomic radii of the s-block elements in the same period,
(2) Densitics are higher than the densities of the s-block elements in the same period.
(3) V,0,. CrO; and Mn,0, are acidic oxides.
(4) First ionization energies are less than the first jonization energies of the s-block elements i
the same period,
(5) The most common oxidation states of cobalt in cobalt compounds are +2 and +3.
23. Standard Gibbs energy changes for the reaction, MO(s) — M(s) + %—Oz(g) at two different
temperatures are given below. -
TK AG°/X} mol™
1000 -100.2
2000 ~148.6
The standard entropy change of the reaction is,
(1) 2488 J K mol™? (2) -2488 J K mol™ (3) ~48.4JK mol”
(4) 3484 J K mol! (5) 484 J K mol
24. Which of the following represents a cosrrect step in the mechanism of nitration of benzene with
conc. HNO, / conc. H,50,?
H +
+
NO +_. NO
NO [8) 2 2
(1) d s C:—N 2 () — O;H
/\ H
H " HSO, o
NO, NO, NQ, 2
3) @' I {4) + H50;
- +
+ NO, _ 0,
(5) @H + HS0,
S
HSO;
\. _/
Tl nm = AP
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25. CO,H (1) NaBH, X excess v

2y H*/H.,0 CH MgBr
@:C- H,CH,COCH, @ H'/H, 3
In the reaction sequence given above, the structures of X and Y respectively are,
CO,H COMgBr o
W . B
HzCHzﬁ:HCHs }12CH2‘LI‘HCH'3
OH OMgBr
CHZOH ,HZOMgBI' -
@ @IC : (Hy
H,CH,COCH, CH,CHy—C—CH, .
OMgBr .
COH CO,MgBr
o e C
H,CH,HCH, CH,CH,CHCH,
OH -
H,
CO-_,H —OMgBI
@ G : CH,
I-IZCH2(f[-l('_‘}-l3
CI-IECHQ(fI-I(':l-{1
OH '
OMygRy
T
& ©:CH CH,CHCH ' H
R CH,CH,CHCH,
OH MgBr
26. When (NH,),CO4(s), (NH,),Cr,04(s) and NH 4NO,(s) are heated, the nitrogen containihg compounds
obtained are respectively,
(1), NH;, N, and NO, (2} N,O, N, and NH, (3) NH,,N, and N,O -
(4) N,, N,O and NH, (5) N,, NH; and N,O
27. Which of the following would occur scon after connecting a rod of Zn and a rod of Ag immersed
in a saturated solution of AgCl and AgCi(s) kept in a beaker as shown in the diagram, by a
conductor?
Zn**(aq) + € — Zn(s) E° = —076 V
Ag*(aq) + ¢ —> Ag(s) E* = 080 V Zn *i%
(1) Zn dissolves, Ag deposits, AgCl(s) dissolves.
(2) Zn dissolves, Ag dissolves, AgCI(s) dissolves,
(3) Za dissolves, Ag dissolves, AgCI(s) deposits.
(4) Zn deposits, Ag dissolves, AgCl(s) dissolves.
{5) Chloride concentration in the solution decreases. ||
Ag' cr
- @&\ J
. A
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28. In the reaction sequence given below, the structures of P and Q respectively are,

Hg™ [dil KySO, =, _ Zo/Me

CeH;C=CH one ticr” 2
() CHC=CH, CH,CH=CH, @) CHCH=CH . C H,CH=CH,
OH OH

OH
|
3) C(.Hs-——ﬁ(?,——aCHﬁ - CH,—(—CH, @ CH,—C—CH, , CHCH,CH,
H

(5) 06145(1:-—-01»12 : C6H5(|SI-ICH3
OH OH

Which of the following statements is ineorrect regarding polymers?

(1) Bakelite is a thermosetting polymer.

(2) Teflon is a thermoplastic polymer.

(3) Nylon 6,6 is formed by addition polymerisation between 1.6-diaminohexane and hexanedioic
acid,

(4) Terelene is formed by condensation polymerisation between ethylene glycol and terephthalic
acid.

(5) Natural rubber consists of cis-polyisoprene chains.

An experiment was carried out to find the order (m) with respect to SZO‘;’ of the reaction

Szog_(aq“‘2H+(3q)‘_’H30(f)+302fg)+3(5). Initial rate of the reaction (R) was measured

by adding different volumes (v) of 0.01 mol dm™ Saog_ into a solution of an acid. The H*

concentration of the reaction mixture was kept constant, but the total volume (V) was atiowed

to vary. Which of the following relations regarding the initial ratc of the reaction is correct?
1 i

() R«[-{;—)m () R = v (3) R xv® (4 Rx(-{,’-]ﬁ 5y R = V©

For each of the questions 31 to 40, one or more responses oul of the four responses (a), (b),
(¢) and (d) given isfare correct. Select the correct response/responses. In accordance with the
instructions given on your answer sheet, mark :

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

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

(3) if only (¢} and (d) are correct.

{4) if only (&) and (g) are correct.

{5) if any other number or combination of responses s correcl,

Summary of above Instructions

L @) 3 @ &

Only (o) and (b} Only (b} and (¢) Only (¢} and (&) Only () and (a) Any other number or

are correct are correct are correct are correct combination of
responses IS correct

31. Consider a titration between a weak acid (fixed volume) and a strong base. Which of the following

is/are independent of the weak acid concentration?

{z) pH at the equivalence point.

(b) Volume of the strong base required to reach the end point.
(c) Dissociation constant of the weak acid. '

(&) Value of {H'] x [OH] of the solution in the titration flask.

L
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32. Which of the following statements is‘are true regarding the molecule given below?

GH,—=g—gHo

(@) All four carbon atoms lie in the same plane.

(&) The angle between Cg—H and the Cg—C, bonds is approximately. 120°,
{c} Between Cy and Cg, there are two o-bonds and one s-bond.

(d) Between Cpy and Cg, there is one o-bond and two m-bonds,

33. Which of the following statement/s isfare true with regard fo the manufacture of Na,CO,?
(@) CO, is one of the raw materials used.
{(b) The reaction between CO, and aqueous NaCl saturated with NH, is endothermic.
(¢) The manufacturing process involves five stages.
(d) Most of the NH; used in the process can be recovered.

34. Temperature must be maintained at a constant value during the experimental determination of the
order of an elementary reaction, because, .
{(a} the order of the reaction depends on temperature.
(b) the activation energy changes with temperature.
{c} the mechanism of the reaction changes with temperature.
{d) the rate constant changes with temperature,

35. Which of the following statement/s is/are true regarding ethene and ethyne?
{a) CaC, reacts with water to form ethyne,
() CaC, reacts with water to form ethene.
(c) Ethene reacts with ammoniacal AgNO, to give a precipitate.
{(d) Ethyne reacts with ammoniacal Cu,Cl, to give a precipitate.

36. Which of the following statement/s is/are true with regard to halogens?
{(a) The boiling points of halogens increase down the group.
{(6) Unlike other halogens, fluorine always has an oxidation state of (1) except in F,.
(c) AIll halogens are good reducing agents.
(d) Although fluorine is the most reactive of all the elements in the Periodic Table, it does not react
with inert gases.

J7. For the reaction C(s) +CO,(g) = 2CO(g) occurring in 2 closed rigid container, percentage yields of
CO(g) at 700 °C and 800 °C are 60% and 80% respectively, Which of the following statement/s
is/are correct reparding the above reaction?

(@) The reaction is endothermic. d -
{b) The reaction is exothermic.

(¢} Reverse reaction is favoured by decreasing the temperature.
(&) Equilibrium can be shifted towards the reactanis by removing C(s). -

38. Cyclopropane ~—— propene is an clementary reaction,
Which of the following statement/s is/are correct regarding the above reaction?
(2) Half life of the reaction depends on cyclopropane concentration,
{b) Rate of the reaction does not depend on propene conceniration.
{c) The fraction of cyclopropane molecules having enmergy greater than the activation energy
increases with increasing temperature.
{d) Reaction occurs via a bimolecular collision (molecularity = 2).

39. Which of the following statement/s isfare true regarding 3-hexene?
(@) Does not show geometric isomerism.

(b} Shows optical isomerism.
{¢) The compound obtained when reacted with H,/Pd does not show optical isomerism.
(4} The compound obtained when reacted with HBr shows optical isomerism,
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40. Which of the following' statements is/are correct with regard to the nitrogen cycle?

(@} N, in the atmosphere is fixed only by atmospheric and industrial fixation.

(b) N, is reduced during atmospheric fixation,
(¢) N, is oxidized during industrial fixation.

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

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

41.

42,

43.

A3,

46,

47.

49,

50.

Response First Statement Second Statement
§1; True True, and correctly explains the first statement
2 True True, but does mot explain the first statement correctly
(3) True Faise
(4% False True
(5 False False
First Statement Second statement

BaCOQ, is more thermally stable than MgCO,.

Polarizing power of group two cations decreases
down the group.

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

Nitrogen is less electronegative than oxygen.

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

The catalyst provides a pathway with a low

activation energy only to the forward reaction.

coZ and SO%~ions have similar shapes.

Central atoms of both COZ-and SOF have
lone pairs of electrons.

The boiling point of CH,CH,CH,0H is higher
than the boiling poims of CH,CH,CHO and
CH,COCH,.

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

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

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

¥

Commonly used soap contain the sodium or
potassium salts of fatty acids formed by the
reaction of NaQOH or KOH with oils and fats.

The reaction of an ester with agueous 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 C.H,OH.

The phenyl carbocation is very stable.

When an aqueous solution of a weak acid is
diluted, both the fraction of dissociated acid
molecules and pH of the medium are increased.

Dissociation of weak acid molecules occur in
such a way that the acid dissociation constant
K, remains constant.

In the presence of sunlight CO, is fixed in

Increase of CO, level in the atmosphere cannot

| green plants.

be controlled by green plants.

& &

%
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PART A — STRUCTURED ESSAY
Answer all four guestions on this paper itself. (Each question carries 30 marks)
|l (@) State whether the following statements are true or false. (Reasons are mot required.)

(i) The polatizability of halide ions increases with increasing size.

(ii) The O—~N—O bond angle of NO, is greater than that of NO

True......
- True .
5. . -
(iit) London dispersion forces among CCl, molecules are smaller than False
the London dispersion forces among SO, molecules. o
(iv) The shape of the HSO, ion is trigonal bipyramidal. .False
(v} All 34 atomic orbitals of an atom are represented by quantum False
numbers (n’ I, ml) 3 2 I -----------------
(vi) The addition of an electron to a gaseous phosphorus atom is an
exothermic process whereas for a gascous nitrogen atom it is
endothermic.
(v =True

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

X =False can be accepted.)

{04 marks x 6 = 24)

1(a) = 24 marks
() (i) Draw the most acceptable Lewis structure for the molecule SE;N

< F:

Fr—S=N

(08)
1Fs

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

{Note: Markz. will not be awarded for Lewis structures drawn with octet rule violated. ) %
O—C‘—C—-("m()

® e . 8 9
O=C—C=C=0 - OEC-——CEC——".O.:
. e e
0=C=C~—C=0

® @
O=C —--9‘ —C==0

. A
:9—C=C—C=0
(any two)

(07 marks x 2 = 14)
(resonance arrows are not required for award of marks})
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3

(iif) Based on the Lewis structure given below, state the following regarding the C, N and
P atoms given in the table below.
I. VSEPR pairs around the atom I. electron pair geometry around the atom

HI. shape around the atom IV. hybridization of the atom
The atoms are numbered as follows:
.O: :‘C['l: Ci
F....E_ch.—;]?_._ Cl: F__El__Nz e (B m 1':4,__ Ct
+Cl: Cl
Cl NZ c3 p4
| | VSEPR pairs 3 3 2 4
It | Electron pair trigonal trigonal linear | tetrahedral
geometry planar planar
It | Shape Trigona! | Angular/V linear | tetrahedral
_ planar
IV | Hybridization sp? sp? sp sp?

(01 mark x 16 = 16)

(iv) Identify the atomic/hybrid orbitals involved in the formation of the following & bonds in
the Lewis structure given in part (iii) above. (Numbering of atoms is as in part (iii).)

1. F—ct E..Worse’ O P
sp? sp?
. Cl—N* L. o s ONZ e
oL N—C* N3P ey 3L
_ sp s
v, pd Crreennn, e , p*a ............
S 3p ors
V. Pl PP, , o CLLLIRONER

(01 mark x 10 = 10)

{(v) Identify the atomic orbitals involved in the formation of the following & bonds in the
Lewis structure given in part (iii) above, (Numbering of atoms is as in part (iii).)

L NZ—(C? NZ...... 20 . O R

o C—p Cloven 2D, 2 3d.. (award 01 mark for any answer
OR no answer}

(01 mark x4=04)

1{b) = 52 marks
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(¢} Arrange the following in the increasing order of the property indicated in parenthesis
(Reasons are not required.)
(i) B, Na, P, Be, N (first ionization energy)

..... Na L4 B < .Be < P. < N. (08,
(i) NH,, NOCI, NO,CI, NHj. F,C—-NC (electronegativity of nitrogen)

..... NHs o NHe o NOCI o NOCI o CFNC. (08)

Note: NHs< NOCI < NH*< NO:Cl < CFsNC  (only for this year) (08)

(iii) Quantum pumbers of electrons in an atom {n, [, m, m)

-1 L 1 1 1 .
(3. 1,0, ,}),(3, 0,0. +2).(2, 0.0,+ 2),(2, 1, +1, +~2-),(3, 2. -1, +~2-) (energy of electron;

(2!010!+1/2) < (2:1:1: +1/2) < (3:0:0: +1/2) < (3,1,0,'1I2) < (3121‘1:4’1/2) (08)

(08 marks x 3 =24)

1{c) = 24 marks

2.(@) X is a p-block element in the Periodic Table. It exists as a diatomic gas. X exhibits a
wide range of oxidation states. Y is thc most common hydride of X. Y dissolves readily
in water to give a basic solution. Y acts as an oxidizing agent, a reducing agent, an acid
and a base. The diatomic gas of X is used in the manufacture of Y.

(i) Identify X and Y.

X- N or Nitrogen {Nomarks for N2) (05)

Y-  NHs; or Ammonia {05)
(i) The diatomic gas of X is generally considered as inert. Briefly explain.

N3 contains a triple bond. (03)

Therefore, high bond dissociation energy {03)

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

(iti) Write the chemical formulae of three oxides of X, and indicate the oxidation state of
X in each compound.
N20 +1 NO +2 N;O: +3

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

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

Note: Award mark for oxidation state only if formula is correct.
Mark distribution, formula (02), oxidation state (01}
{Any three can be accepted)
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(iv) In each of the following instances, give a balanced chemical equation to indicate the
action of Y,

I. Y as an oxidizing agent

2Na(s) + 2NHs(l) > 2NaNHy(s) + H»(g)
3Mg(s) + 2NH5{l) —> MgaNa(s) + 3H,(g)
BLifs} + 2NHs(l) ~—> 2LisN(s) + 3Ha(g)
(Any one} (03}

. Y as a reducing agent

3Clfg) +2NHslg) —> Nafg) + 6HCI(g)

3Ci2(g) +8NHs(g) —> Nafg) + 6NH4Cl(s)

3Ch(g) +NHslg) > NCB:{l) + 3HCHg)

3CuO(s) + 2NHz(g) ~—> N2(g) + 3Cu(s) + 3H,0(g)

30:(g) + 4NH3(g) —> 2Nafg} + 6H,0(l)

502(g) + 4NHs3(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
analogous to Y. Sketch the variation in 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 not required.)

Boiling ﬁ
point SbH; {01)

N l_'3 (ASH3)
(01)

PHg {01)

Hydride

-
(05)
Note: Shape (02). Shape needs to be correct for award of marks for labeling.
{i.e. Max. SbHs; Min. PH3; In between NH;)
(vi) Give reasons for the variation in boiling points in part (v) above.

B R D N
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(vii) 1. Write what you would observe when an excess of an aqueous solution of Y is
added to a solution of AL(SO)),.

‘white precipitate / white gelatinous precipilate ... (03)...
II. Write the chemical formula of the species that gives rise fo your observation in
part I above.
U AMOH)S e e e (03) .
(viii) Give one chemical test to identify Y.
Test: _ TestwithNessler'sreagent e (03)
ipi B i 03
i Observation: ... Brown precipitate / Brown coloration e (03)
OR
Test with HCl vapour {03)
White fumes (03)
OR
Test with red litmus (03)
Red fitmus 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. Identify Z. HNQz OR Nitric acid (03)

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

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

Note: physical states are not requi red.

2(a) = 60 marks

(5 A and B are compounds of two p-block clements that belong to the same group in the
Periodic Table. A exists as a colourless, odourless liquid 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 a colourless gas at room temperature and atmospheric pressure. A filter paper moistened
with lead acetate tumns black on treatment with B. '

(i) Identify A and B.

A- HO B- HsS - (04 +04)
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(i) Sketch the shapes of A and B showing lone pairs of electrons where necessary,

QL Qs@
W N N\,
f& 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 focated closer to

the oxygen atom in H20, than to the sulphur atom in HS. (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/H,S (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(2q)} (03)
OR
2Na(s) + 2H0(l) ——> 2NaOH(aq) + Ha{g)
{OR any other metal that reacts with water liberating H,)

(Note: ——>» accepted)

II. A as a base:  H.O(l) + HCl(aq) - H3O'aq) + Chagq) OR (03)
H2O(l) + CH3COOH(ag) ~—> H3O%aq) + CH3COO(aq)

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

Pb(CHsCOO):(aq) + H:S(g) —> PbS(s) + 2CH3COOH({aq)  (03)
R R R L I R L I U T IR (¢O R--chgtOo-lo+Q12HdT ----------

(vi) L 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)

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

BiClz(aq) + H20() &= BiOCls) + 2HCl{aq) (03)
(s AR BE BOERIBAL) 1T
2&G|3(aq)*3.!-|.25(g}m—rr&3;253{5}-|..5.|-||C|(aq) ............................. .(03)

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

2(b) = 40 marks
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3 The reaction A + B = 2C + D (elementary in both directions) was carried out at 25 °C. Initially, the
" reaction mixture was made by dissolving 0.10 mol of A and 0.10 mol of B in distilied water {total ,
volume 100.00 cm?). Variation in the concentration of A in this solution with time is shown in the

aph.
i g=p concentration {mol dm™)

10—

~ 1Al

T
|

0.0 i A S S
Jo 40 60 80 loo me (min.)

() Calculate the amount of A (in moles) reacted during the first 4.0 minutes of the neaction.

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 mol (04+01)
= 0.025 mol. (04+01)

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

R TR U U OO U OO SO OO POPTOOR PSPPSRI LIOALS 105)
- Forward and reverse rates will be equal after 4.0 min.
OR The reaction has reached the equilibrium. (05)

(iii) Given that the tate constant of the forward reaction (kg e 15 18.57 mol™! dm® min?,
calculate the initial rate of the forward reaction.

_ Rate of the forward reaction, R= K IAIB] | s {03)
Initial rate of the forward reaction = 18.57 mol™ dm? min’x 1.0 moj dm? x 1.0 mol dm? {04+01)
..t............,..........‘.................=..1.8..5?.mgl.dm:3..min: ........................................ {04+01)

(iv) Calculate the concentrations of C and D at equilibrium. o
Draw the relevant curves showing the variation of the conceptrations of C and D with time
in the above graph and label them.

. Concentration.of C..at equilibrium.... ... = 2% 0,025.r00l/(100.00 x. 202 dm?). ... (02+01)
=0.50 mol dm™* ' ”(Dz-ﬁ)l)

CORCetration of O at equifibfiam """ =(.025 'r'rib'lf(’IOU.‘OﬁRIO"’ dra?)y T (0Z+01)
...... =.025mo| dm3~(92+01)
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Conc. {mol dmi™ }

&
10
. Curve C {04)
[A} Curve D (04)
0.5 <
{0l
0000 4.0 20 time jmin)

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 C and 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.

2
(Equilibrium constant), K. = il (05)
RO b it bt bt i et oSN JRR T N h
fAT - [BY
K. = (0.5 mol dm=3)2(0.25 mol dm™3) ' T
o K e e T TS TG TR GTRy oo e {04+01)
K, =111 x10"* mol dm=3 _ (04+01)
(vi) Calcutate the value of the rate constant (k of the reverse reaction.
TeVETHe
e Ko e sssaopaeesenaespezregannneeegpes e JBST QI dEMINTL
“Using K = £, K can'be calculated R ey 04+01
g kel r 1.11x10~Ymol dm™3 ( }
k, = 1.67 x 10’mol~2dm®min™1 (04+01)

(vii) After reaching equilibrium, the volume of the solution was doubled by adding 100.00 cm?
of distiled water. Predict the direction of the net reaction soon after doubling the volume
of the solution, by means of a suitable calculation,

New concentrations,
{A] = 0.75/2 mol dm™, {B] = 0.75/2 mol dm™, [c] = 0.5/2 mol dm3, [D])= 0.25/2 mo! 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,

Rr = 1.67x10% mol? dm® min'™ (0.5/2 mol dm%)%(0.25/2 mol dm3} (05+01)
= 1.30 mot dm™ min™
Re>R: Net reaction occurs in the forward direction, (03)
Alternate answer
&2 mol dm™3)2(3=mol dm™%)

Q= (—0%5 mol dm~3)? (05+01)
Q = 0.056 mol dm™3 {05+01)
@ < K, therefore, the net reaction occurs in the forward direction. (03)
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(viii) Consider that the above experiment was conducted at a temperalure 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)

R

the fraction of moléciilés having SuFficiént energy to oVércome the activation energy barrier ™

G g S R AT ARRRLE {62)-

and

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

4. () (i) Compounds A, B and C are structural isomers of each other having the molecular
formula C{H ,O. All three compounds give yellow-orange precipitates with 2, 4—-DNP.
None of them give a silver mimor 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,DB EF,
G and H in the boxes given below. (It is not necessary to show stereoisomeric forms.)

0 T o
Il CH3CH——C~——CH, I
CH;3CHy = ——CH,CH, ' CHACH,CHy = G —CH,
CHy
A B C
OH H OH
CHyCH,—C—CH,CH; CHiCH——C+=-CHy CHyCH,CHy———C——CH,
H CH3 H H
D E F
H OM Note: CsHy can be accepted
CH.CH in place of CHzCHzCH:z. CoHs
’ §=s CHaCH,CHy = C——"CH, can be accepted in place of
CHy  CHCHCH; CH,CH,CHg CHsCH>,
G H

Note: A. 8. 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
(iiy Draw the structure of the product of the following reaction.

H
(1) 2, 4-DNP C”ac”z\\c e | o
b 3 " == _o * 2
(2) dehydration CH3CH2/ {05)
NO,
Note : Lone pairs ave not necessary. Award mark if B or C is used instead of Aywith the
correct corresponding product, A,W 4.(a): 45 marks
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(h) Draw the structure of the major organic product in each of the following reactions.

. H, /Raney Ni O
i) CH 2 >
(i) C¢Hg 130 °C (04)
MM,
) Br, wat N
(i) CH,~NH, : . ' (04)
(1) aqueous NaOR
iti) CH,CHO >
(i) CHy (2) dehydration CHaCH==CH— G —H (04)
. & H.PO
(ivy CH.—N C? 3 2 —
&5 2 A ‘04,
(v} C.H.CONH aqueous NaOH ‘!:[’ 04
23 2 A ' CoHs——C~——0Na* (04)
CH;—CH~~umCH
(vi) CH,CH=CH, conc. H,80, . I 3 (03)
0SO04H
(vii) CH,COCI NH, . S — (03)
- PCl, o
(viii) C,H,CO,H : VR o (03)
R +
(ix) C,H,OH H'/RMaO, CH,COOH (03)
HCN T
(x) C,H,COCH, ' > cznﬁm—-c':——-cr-la (03)
L
(i) strcture showing hydrogens on O can be accepted.
(iii) CHsCH=CHCHO can be accepted. No marks for CHyCH=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,0H can be accepted.
(vii} CH;CONH, can be accepted.
(viii} C,HsCOCI can be accepted.
(ix)  CH;CO,H can be accepted.
4(b): 35 marks
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) . .

CI-Q‘:I v ci + ¢l (04)
Y
o+ {D—Ct\:m — HCI + CH, (08)
YA TEEAS .
CHy, + Cl—Cl > CHyCl + Cl {08)
OR (for third step)

. | Y . 02
CH; + (—\CI —_—— 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.
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PART B — [ESSAY
Answer two questions only. (Each question carries 15 marks.)

5. (@) Consider the following reactions.
M(CO;)},nH,0(s) — M(CO,),(s) + noH,0(g)
M(CO,),(5) & 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 crysial!ine 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,),-nH,0(s).
M(COs}2.nH0 (s) > M(COs)als) + n H0(g)
M{COz)s(s) = MO (s) + 2C0:{g}
The amount of M{CO;3}..nH20 used = 0.10 mol
Water is completely evaporated.
Using PV=nRT, {05)
1.60x10*Pa x0.08314 m?

MH20 = 5314 J mol-1K-1 x400K {04+01)
= (0.40 mot _ {04+01)

0.1 mol of M{CQ1),.nH:0 {s) has generated 0.40 mol of H;O. Therefore, n = 4 (04+01)
5 {(a) = 20 marks

(6) 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 equilibriom with the gas phase. The
pressure of the container was measured 10 be 4,20 x 10* Pa.

(i) Calculate the partial pressure of water vapour in the container at 800 K.
Partial pressure of H;0 at 800 K,

_ TgzoRT
Puzo = —,—
_ 0.4mol x8.314 Jmol™ K~ x800 K
- 0.08314 m3 {04+01)
=3,20x 10*Pa {04+01)

Alternate Answer 01
Total pressure at 800K, Pr =4.20x 10 % Pa
4.20 x10* Pa x0.08314 m3

Total number of moles ny = 8312 Jmol T K1 % 800 K {04+01)
=0.525 mol
Partial pressure of water =Py = PrXnp
=3.20x 10" Pa (04+01)

Alternate Answer 02
Because V and nyzo are constant, at 800 K,
partial pressure of water = Pyzo = 2 x 1.60 x 10°Pa (04+01})
=3.20x 10° Pa {04+01)
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(i) Calculate the partial pressure of CO, in the container at 800 K.

Partial pressure of CO; at 800K,

Peoz = Peotat — Przo
= 4.2x10* Pa - 3.2x10* Pa (04+01)

= 1.00x10" Pa (04+01)

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

s Kp = Plcoz (05})
Kp = (1.0x10* Pa)? = 1.00 x 10° Pa? (04+01}
]
(iv) Calculate the molar peréentagc of the metal carbonate decomposed at 800 K.
Initial amount = 0.10 mol
Amount of CO; generated = n¢o;
I PeoaV
co2 RT
1.0x10*Pax0.08314 m? 3.2 x10%*Pa 0.4
Neoz = o = (04+01)
8.314 ] mol~1K~1x800K 1.0X10*Pa  Ngoa
ncoz = 0.125 mol
Amount of M{COs), decomposed = % amount of CO; generated.
- 0.0625 mat
mol % of M(CO3)2 decomposed = = === X 100 (03}
=625% {02)

(v) Enthalpy change (AH) for the decomposition of the metal carbonate under the above
conditions is 400 kJ mol™!. Calculate the corresponding entropy change (AS).

System is at equilibrium, therefore 4G = 0. (05}
as <2
. - T 3 1
40.0 X10° I mol™
AS = ! (02+01)
800 ¥
A5=50.0mol’K! OR 0.05 k) mol™ K? {04+01)

Note : AS? , AH? cannot be accepted.

(vi) Suggest two ways 1o drive the decomposition reaction of M(CO,),(s} in the forward

direction.
Increase temperature (05}
Remove CO, (05)

5 (b) = 65 marks
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(c) With the aid of thermochemical cycles and the data given in the table, answer the followmg

questions.
Species Standard enthalpy of formation (AH})(kJ mol™)
Ms) 0.0
M(g) 800.0
OLg) 0.0
0@ 249.2
MO,(g) ~400,0

(D Given that MO(g) + % O, —» MO,(g) AH" = —50.0 kJ mol, calculate the standard
enthalpy of formation of MO(g).

HD
M(s) +0a(g) ——> MO(g) + % Du(g)

- 400.0 kj mof x / AH% = 50.0 kJ moi?

MO:(g) {02+02+02 =06)
Note : To award marks for the cycle, reactions must be balanced and physical states must be given,

p

Standard formation enthatpy of MO(g), AH%
H% = (~400.0 + 50.0) kI moi* {04+01)
=-350.0 kl mol? (04+01)

(iiy Calculate M~O bond dissociation enthalpy in MO(z).

AHC
% 0:g) +MO(g) ———* M(g)+0{g) + % Oag)

AH% = 350.0 k) mol? 8H% = 2492 K mol?

AH% = 800.0 k) mol?
M (s) + Oa(g) —r—ip M{g) + 0:(g)
{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) ki mol* {04+01)
= 1359.2 k) mol? (02+01)
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(iii) Calculate M~O bond dissociation enthalpy in MQ,(g).

AH,°
MO:(g) e M(g) +20(g)
AH®; = 400.0 kJ mol! AH% = 2 x 249.2 kJ mol?
AHY; = 800.0 ki moi?
M (s) + Oz(g} e M(g) + O2(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) ki mol™? (04+01})
= 1698.4 k) mol?
MO bond dissociation energy in MO; = % AH,° = 849.2 ki mol™? (04+01})

(iv) By menns of a suitable calculation, predict whether the reaction, MO ig) > MO(g) + 1% O
is spontancous under standard conditions and 2000 K. Standard entropy vhange of this reaction

is 30.0J K" mol™.

AG® = AHO - T AS? {03}

For the reaction, MOy(g) ~————— MO(g) + ¥ Og) at 2000 K,

AG? = 50.0x10% ) mol™* — 2000 K x 30.0 J K* mol™? (04+01)
= -10000.0 } mol™ = -10.0 kI moi? (04+01)

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

Note : Standard states are required for award of marks.

5 {c) = 65 marks

6. (@) An experiment was carried out to determine the partition coeflficient of iodime (l,} between
water (A) and an organic solvent (B) which form an immiscible liquid system.

2000 cm® of B containing ‘n’ moles of T, is mixed with 2000 cm® of A and aflowed to reach
equilibrium at room temperature.
] The concentration of I, in phase A is determined by titrating & 5.00cm® sample drawn from
phase A with a 0.005mol dm™ solution of Na,§,0,. The volume of Na,$,0, required ©
reach the end point was 22.00cm’. The concentration of I, in phase B was determined to be
0.040 mol dm™2,

(i) Write the balanced chemical equation for the reaction between Na,$5,0, and L,

2ZNas5;03 +12 e 2Nal + Naz5.06
OR

2505 + 1 ——» 21 +5406" (10)
(ii} Calculate the concentration of 1, in phase A.
22.00 em®x0.005 mol dm ™3
Concentration of Iz in phase 4 = i = (04+01)
2x5.0 cm3
=0.011 mol dm? (04+01)
27
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(iii) Calculate the value of the partition coefficient, K, where K, =

pra—

| et
(B LS
L |w

_ILlg _ 0.04molam™3

rtiti ffici = =
Partition coefficient, K, 1y = 001Lmol dm3 (04+01)
{iv) Calculate the total number of moles of 12 in the two phases A and B. _
Ko=3.64 (04+01})
Total number of moles of I,
1y, = 0.04 mol dm™3 x 20.0 x 10~3dm? + 0.011 mol dm=3 x 20.0 x 10-3dm?
2 x (04+01)
=1.02 x 10* mol (04+01)
6 (a) = 45 marks

(&) The above cxperiment was repeated 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 " ions to phase
A. The system was then thoroughly shaken and allowed to reach equilibrium. The volume of
0.005 mol dm™ Na,S,0, solution required to titrate the L, in a 500 em® sample of phase A was
41.00 em’. The concentration of I, in phase B was then determined to be 0.030 mo! dm™.

(1) Calculate the amount of I, (moles) expected in 5.00 cm’ of phase A, based on the partition
coefficient for the distribution of 1, between the phases A and B.

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

[tz = [12)e/Ko (05)
0.030 mol dm™3
[2)a = ——; (02+01)
=8.242 x 10 motdm?® - (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)

(i} Calculate the amount (moles) of L, reacted with Na,S,0, in the above titration.
The amount of I; in 5.00 cm® of phase A, after the addition of iodide = n/
n/ = 0.005 mol dm™ x 41.00 x 102 dm® x 0.5 (04+01)
= 1.025 x 10** mo! (or 1.03x10* mol) {04+01)

(iii) Considering the different iodine species 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 5. (05)
When phase A is titrated with Na,5,03, 1, released from ks is also reacted with Naz5:0a.
Therefore, n/ > n. (05)

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

vapour phase

re— 0 introduce liguids

i (liquid level)
liquid phase
piston to adjust the liquid level

Initially only liquid X was introduced in o 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 300%10* Pa. The volume of the vapour phas
when the liquid level is at { was 4.157 dm’. Then liquid ¥ was introduced in to the containes
mixed with lignid X and the system was allowed to reach equilibrium at 400 K. The lguis
level was maintained at /. The molar ratio of X:Y in the liquid phase was found to be £:3
The pressure of the container was measured w0 be 500x 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)

(ii} Caiculate the mole fractions of X and Y in the liguid phase at equilibrium,

1

Mole fraction of X in the liquid phase = ) {04+01}

= i— or0.25
le fracti i iqui = 04+01
Mole fraction of Y in the liquid phase o ( )

=2 oro7s

4
(iif) Calculate the partial pressure of X at equilibrium afier the addition of Y.

At equilibrium,  Px= P Xa (05)
=0.25 x 3.0x10" Pa (02+01})
=7.5x10°Pa (01+01}

(iv) Calculate the partial pressure of Y at equilibrium.
Py = Proter- Px
=5.0x10°Pa—7.5x10°Pa - (02401}
= 4.25x 10" Pa {01+01)

02 - Chemistry (Marking Scheme) | G.C.E. (A/L} Examination 2018 | Amendments to be included. 29




Department of Examinations - Sri Lanka ; Confidential

(v) Caiculate the saturated vapour pressure of Y.

P,
Saturated vapour pressure of Y, P;? = }x
¥

o _ 425x10%*Pa

Py 075 (04+01)
= 5.67 x 10*Pa (04+01)
(vi) Calculate the amounts (in moles) of X and Y in the vapour phase.
The amount of X in the gas phase, ny = P.V/RT
_ 7.5%10%Pax4.157x10"3m? oa+01 .
X 7 8314  mol~1 K~1 x400K (04+01)
nyx = 9.38 x 10”° mol (04+01)
Similarly, |
__ 4.25x10*Pax4.157x10"%m3
Y T 8314 Jmol~1 K~1 x400K (04+01)
ny=5.31x 102 mol (04+01)

(vii) When a mixture of the liguids X and Y is subjected to fractionat distillation, state which
compound would distill cut first from the fractional distillation column. Give reason/s for your
answer, ' ) "

Compound Y can be 6btained 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 (vii} 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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P i

7. (a) Using only the chemicals given in the list, show how you would carey out the following conversion
CH/CH,CHO ~—» CH,COCH,

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

Your conversion should net exceed 7 steps.

7 (a) NaBH, HBr
CoHsCH,CHO  — > C,HgCHCH,OH —r—— C,oHsCHoCHLBr
{ignore solvent)
alcoholic
KOH

CHsCH—CH;  aq. NaOH HEr
w——  CHsCH—CH; ———— (,HCH=CH;

OH
Br
HYKMNO Reagents: 05 marks x 6 = 30
Nty
Compounds : 06 marks x5 =30
il =
CHg——C-—CH; T(a) = 60 marks

Note : Do not award 60 marks if there are more than seven steps. Do not award marks for
CsHsCH:CHO and C;HsCOCH;.

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.

(by ldemify R —R, and X,—X, and Y, Y, in onder o complete the following reaction scheme

CHy—CONH~(O)—C=C—CH,

{ty NaOH
2y H*

i
ql
@——CH=«‘ —{Oy—Cu=cHeH,
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Xy = CgHsCOzH (06)
Xz = 05H5CH20H (0‘6)
X3= CgHsCHO 96)
Xy = CHO (06)
Cl
@
Y= HzN—Q—CEC_CHg OR HsN—©—CEc-—CH3 (06)
@
Y,= HZN—©——CH=CH—-CH3 OR HaN—©—CH=CH—CH3 (06)
Ri=  1.LiAH, 2. H,0 OR H,OM* (06)
R,= PCC (06)
R3= FeCly/Cl, OR Fe/Cl; OR Lewis acid/Cl, (06)
Re= 1.NaOH 2. HyPd/BaSO,iquinofi (06)
= 1 . Jauinoline 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
32
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Alternative Pathway

7 (b) X1 = CsH5COz‘H (06)
Xz = C02H ; (0 6)
Cl
X3= CH,OH (06)
Ci
Xe= CHO (06)
Cl

@ (06)
Yq4= HoN C=C—CH; OR H3N C=C—CH;
__ @
Y= HN cn=cn—ct oR u((—cu=c—cH 09

: R(= FeClyCl; OR Fe/Cl, OR Lewis acid/Cl, (06)
R,= 1.LiAHg 2. H,O OR HOM* (06)
. R;= PCC (06)
Re= 1.NaOH 2.H,/Pd/BaSO/quinoline OR (06)

1. NaOH 2.LindlarH; -

(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

&+ &—
OR H*(02) oRr H—Br (01)

T > o) ® M
CzH5.0.H + H—=_Br e r——— CzH5—O\ + Br
Note : At least one U H
lone pair should be given, (01)
(02)

CH5;CH, + Brs — > CpHsBr + H,0

/;/H—\.G.(O‘l)
SH

Note : Negative charge is required.

(02) Lone pairs are not reguired. (10 marks)

(i1) State whether the above reaction is a nucleophilic substitution reaction or an electrophilic
substitution reaction. Identify the nucleophile or clectrophile as appropriate.

(i)  Nucleophilic substitution, B> 02 +02)

(iify State giving reasons which of the two compounds, phenol (CH;OH) or ethanol (C,H,OH
is more acidic,
C,HsOH + HO

=] @
CoHsO + H30 (02)

S D
CegHsOH + H,0O- CgHsO + H30 (02)

Note: If H.Q is not included in the equations, only {01) per equation

o Inthe 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)
¢ 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)

7{c) = 30 marks
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PART € - ESSAY
Answer two questions only. (Each question carvies 15 marks.)

8. (a) An-agueous solution P contains two cations and twe anions. The following experiraents were

carried out to identify these cations and anions.
Cations

Experiment

Observation

P was acidified with dilute HCl and H,S was bubbled
through the solution.

A clear solution was obtained.

The above solution was boiled tilf all the H,$ was removed.
A few drops of conc. HNO, were added and the solution
was heated further. The reSultmg solution was cooled and
NH,Ci/NH,OH was added.

A brown precipitate (Q) was
formed.

Q was removed by filtration and H,S was bubbled through
the filtrate.

A pale pink precipitate (R) was
formed.

R was removed by filtration and the filtrate was boiled
il all the H,8 was removed. (NH,CO, was added to
the solution.

A clear solution was obtained.

Dilute NaGH 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
was added.

A light purple solution was
obtained.

R was dissolved in dilute acid and dil. NaOH was added
to the solution.

A white precipitate was formed.
It turned brown on standing.

Anions o

Test

Observation

. Ba.CI‘Z soiutlon was added to P

dil. HCl was added to the precipitate.

The white pmczp;tate was separated by filtration and

A white precmltaic was fomed

The white prec:p:tate was not

dissolved.

CL, water and chloroform were added to a portion of
the filrate from ® I, and the mixture was throughly
shaken.

Chloroform layer turned
yellowish-brown.

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

Cations: Fe?* and Mn?* (10 + 10)
Anions: 504> and Br (08 + 07)
Note: First correct anion {08), second anion {07)
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(il 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 HaS is not removed MnS/FeS/ cations of group IV will also

precipitate when NHsOH/NH4Cl solution is added. - (10)
OR
* H2S can be oxidized to sulphur by conc. HNOs. {05}
* A fine precipitate of sulphur would be formed in solution
if H2S is not removed. {0s)

I. Heating with conc. HNO, in experiment @ for cations.

* Ksp of Fe{OH)2>Ksp of Fe(OH); (05)
®* Therefore, Fe?* needs to be converted to Fe®* to be

completely precipitated. (0S)

OR
* Conc. HNO3 must be added to oxidize iron if present,

to the ferric state. (04)
* If originally present, it would have been reduced by

the H2S to the ferrous ion. (02)
* Ferrous ion is not completely precipitated by

NH2OH/NH.Cl 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 material. The following procedure was carried
out to analyse Jead and copper in X.

Procedure:

A mass of 0285 g of X was dissolved in a slight excess of dil. HNO,. A clear solution
was obtained. A NaCl solution was added to the resulting clear solution. A white precipitate
(Y) was formed. The precipitate was separated by filiration and the precipitate (Y) and
filtrate (Z) were analysed separately.
Precipitate (Y)
The precipitate was dissolved in hot water. A solution of K,Cr(), was added in excess.
s A yellow precipitate was formed. The precipitate was separated hy filtration and dissolved
in dil. HNG,. An orange coloured solution was obtained. Excess KI was added to this
solution and the liberated 1, was titrated with 0.100 mol dm™ Na,S,0,, with atarch as
- the indicator, The volume of Na,S,0, required to reach the end point was 27.00 em?,
{Assume that the NO7 ions do not mterfere with the titration.)
j Filtrate (Z)
The filtrate was neutralized and excess KI was added to it. The liberated I, was titrated
with 0.100 mot dm™ Na,8,0,. with starch as the indicator. The volume of Na,S,0, required
to reach the end point was 1500 em’,
(Note: Assume that the inert material was soluble in dif. HNO, and did mot inierfere with
the experiment.}

(i} Calculate the mass percentages of fead and copper in X. Write balanced chemical equations
where relevaat.

Determination of Cu

2Cu® + 41> 12 + 2Cul e —(1) {05)
OR
2Cu* + 21 D 2Cut + Iz e --{1} (05)
lh + 2503 > 21 + $406F = e {2) (05)
From {1) and (2) Cu®**=S5.0:% OR Identification of correct stoichiometry (02}
Moles of $,05% =010 15.0 {(03)
1000
Therefore, moles of Cu?* - 010 % 15.0 (03)
1000
Mass of Cu = w 15.0 x 63.5 (03)
1000
= 0.095 g {03)
0.095
f C = 2= %100 (03)
Therefore, %Cu 0285 x
= 33.4% (03)
(30 marks)
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Determination of Pb
Cr20:7461+ 14H*S 2Cr3* + 31, + P2 P10 S S — (3) (07)
2 + 25037 2I' + S406* =000 ceeceoee- {4)

From (3} + 3x (4} Cr2077=65,0s*0R Identification of correct stoichiometry (03)
0.10

Moles of S03* = ——x27.0 {03) ¢
1000
Moles of Cr.0+% =1 x wx 27.0 {03)
6 1000
2Cr04% +2H*S> Cr07% + H0 (03)
1 010
Therefore, moles of Cr =2 x —x x27.0 (03)
6 1000
Yellow precipitate is PbCrQ, (03)
I 010
Therefore, moles of Pb =2 X =x——x27.0 {03) .
6 1000
, _ 1 0.10
Therefore, mass of Pb =2 x —x x 27.0 x 207 (03)
6 1000
= 0.186¢ (03)
Therefore, %Pb = 9_,_}_&_3_@_)( 100 (03)
0.285
= 65.3% (03)
(40 marks)
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Alternate method

Determination of Pb

2Cr0T + 61+ 16H* > 2Cr3* + 31 + 4H,0 - --(3)
I + 25:0:%> 2I' + S406% — —{4)
OR

CrOs + 8H*'+ 3e > Cr* + 4H10

- 2>+ 2
From equations CrOs¥=35,03> OR Identification of correct stoichiometry {03)
Moles of S:03% =010 570 {03)
1000
Moles of I = L0108 a0 (03)
2 1000
Moles of Cr3* =2, 1010 0 (03)
3 2 1000
=9 x 10
Therefore, moles of PbCrQ4 = 3x —!-x --'-}Ex 27.0 =9x 10 {03)
3 2 1000
Therefore, moles of Ph = E>< lx 0.10 x27.0 =9 x 10* {03})
. 3 2 1000
Therefore, mass of Pb =9x10*x207¢g (03)
= 0,186 ¢ (03)
Therefore, %Pb = 0186 100 (03)
0.285
= §5.3% (03}
{30 marks)

(ii) What is the colour change at the end point in the titration carried out in the analysis of
precipitate 'Y?

(Co = 63.5, Pb = 201
Biue -» Green (05)

8(b): 75 marks
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¥

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

(i) ldentify three greenhouse gases that contribute to global warming. State two consequences
ol global warming.

Greenhouse gases that contribute to global warming.
CO2, NOx, N20, O3, CFC, methane, volatile hydrocarbons {03 + 03 + 03)

Conseguences:

e Melting of polar ice caps

¢ Change in weather patterns

¢ DPrying 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

e decrease in dissolved oxygen content

* increase in populations of certain insects

{Any two) {03 +03)

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

Acid rain (03)

(iif) Name the chemical species responsible for the environmental issue identified in (ii) above
and state three water quality parameters that are likely to be affected by this issue.

S0/ SOs / H2503 / H2804 {03)
Water parameters affected:

e pH (decreases) / acidity (increases)

e Salinity (increases)

¢ Concentration of heavy metals (increases)

e Hardness {increases)

¢ Conductivity (increases)

{Any three) {03 +03+03)
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(iv) Identify twe environmental issues that change (increase or decreasc) the ozone level in
the atmosphere and explain briefly how these changes take place with the aid of balanced

chemical eqguations.

photochemical smog (Ozone increases) (03)
How
Vehicle emissions contain NOy (03)
NO(g) — > Nog) + Ofg) 03)
%
M+ Ofg) + O)g) — > 0O49) + M (03)
{M = third body)
ozone layer depletion (Ozone decreases) {03)
How
! y TR (03)
Ozone destroyed by free radicals (X) (e.g. H, NO, OH, Cl)
which act as a catalyst.
Og) + X(@  —— OX(g *+ Oyfg) = M (03)
0,(g) — 20(g) = (2) (03)
XOlg) + Olg) ——> X(@ * Ong) - ~(3) (03)
(x2 + (2) + (3)x2
205(9) — 30,8} (03)
(v) L “Most of the harmful gases in vchicle exhausts are converted to relatively harmless
gases by catalvtic converters.” Brieflv explain this statement.
Catalytic converters convert
s NO{g) formed to N{g} (03)
e CO{g) formed to CO(g) (03)
e Unburnt or partially burnt hydrocarbons to CO2(g) + H20(g} (03}

I1. Name the harmful gas (except CO,) that is not converted to a less harmfui gas by the
catalytic converter. State briefly how this harmful gas is formed in the vehicle engine.

S02

Certain fossil fuels contain sulphur.
Burning of sulphur produces SO.

{03)
(02)
(01)

9{a): 75 marks
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(b) The flow chart given below shows the production of two important compounds P, and P, and
three other important compounds P,, P, and P, derived from them. P, is used as a raw malenal
in the manufacture of Na,CO,. P, can be manufactured by the reactmn between P, and P,.
P, is used as a fertilizer and as an exploswe P, is also used in the manufacture of P which 1s
a wulely used fertilizer. P, is used to synthcsnze an important thermosstting polymer P

M | Manufactoring process @ thé?icalz'chem;::l; [;mcess o & Raw material
O I raw neaena;

P | Product @ Source of raw material a

Unreacted raw material(s) / substance discharged
to the atmosphere during physical and/or -
chemical process

Answer the following questions based on the above flow chart,
() Identfy P, P,, P,, P, and P,

P1 = NH3 (03)
P2 = HNQ3 (03)
P3 = NH4NQO3 {03}
Py = urea/ CO{NH,)2 (03)
Ps = urea-formadehyde {03)
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(i) Identify R, R, and R,

Ri =H: {03)
Ry=N; (03)
Rs = CO; (03)

{ii1) Mdentify X, Xz and X3
X1 =CO/ CO2 {03)
X2=0; (03}
Xz =N+ Hz (Both N2 and Hz must be present for the award of marks) (03)

{iv) Identify S.
S = natural gas /CHs OR naptha/ (CeH14) OR coal/(carboh) | (02)

(v) Briefly state the processes taking place in PC| and PC, giving balanced chemical equations
where applicable.

PCi:  CeHial{s) + 6H0(g) ~——> 6C0O(g) + 13Hag) {02}
OR

CHalg) + H20(g} ———> CO(g) + 3Hag) {02)
PCx:  fractional distillation of liquid air (02}

(vi) Identify manufacturing processes M,, M, and M,. (e.g. contact process or manufacture of

HZSOJ.)
M, = Haber process OR manufacture of NH3 (02)
M, = Ostwald process OR manufacture of HNO; (02)
M = manufacture of urea (02)
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(vii) Give balanced chemical equations with appropriate conditions, for reactions taking place in
M. M, and M,

(200- 250) atrr(lol)

M Ny(g) + 3Hy(g) = = 2NH,(g) (02)
(400 - 450} °C (01)
Fe (catalyst) (01)
K50 and Al,0; (promoters} (01)

: (800 - 900) °C {01) . 4NO(g) + 6H,0(g) (02) .

Pt or Pt-Rh{catalyst} {01)

M,: 4NH;(g) + 50,(g)

2NO(g) + Oyfg) 10°C 10U o, (02)
4NO,(g) + 2H,0(l} + Oylg) —a 4HNO,(aq) {02)
(180-210) °C (01)
(30-150) atm {01)
M 2NH,{l} + COL{l) > NH,COONH,(s) (02)
NH,COONH,(s) — (NH2).C0{aq) + H,0() (02)
l{:oncentrate by evaporation (01)
(NHz}zco‘:S) (02)

Note: Physical states are not required.

(viii} 1. Give one wse of each compound P, and P, other than those mentioned above.

P

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

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

¢  Asarefrigerant

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

¢ Inthe paint industry
(Any one) {02)
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P2
¢ To manufacture nitrates OR
NaNQ;3 - meat preservative OR
AgNO:s - prepare photographic films and paper
e For the preparation of aqua regia
¢ Used to clean soldering surfaces
{Any one) (02}

------

. s . . ,
Il Give one use of R, in the manafacturing process P, other than being used as a raw
material.

Asafuel OR 1o heat the system (to 450 °C) (02)

9(b): 75 marks

10.(a) A and B are complex ions, (i.e. metal ion and ligands coordinated to it) with an octahedral
geometry. They have the same atomic composition of MnCH,N,. In each complex
ion, two types of ligands are coordinated to the metal ijon. When an 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 sait the coordination compound D is formed. D gives three ions in aqueous solution.
Roth C and D have an octahedral geometry.

(Note: The oxidation states of manganese in A and B do not change on treatment with the
potassivmn “salt).
(i) Identify the ligands coordinated to manganese in A and B.

CN- and NHs {05 + 05)

&

(i1} Give the structures of A, B, C and D.

A:[Mn(CN)s(NH3)]> OR [Mn(NH3)(CN)s)*> (20)
B:[Mn{CN)s(NHS3)]> OR [Mn{NH3)(CN)s]* | (10)
C:K3[Mn{CN)s(NH3)] OR © Ks[Mn{NHs){CN)s] (15)
D:Ka[Mn(CN)s(NHs)] OR K2fMn{NH3)(CN)s} (15)

(iii) Write the electronic configurations of the manganese ions in A and B. I

A, oxidation state of Mn = +2
Therefore, electronic configuration of Mnin A s, 1522522p%35%3p°3P° {03)

B, oxidation state of Mn =+3
Therefore, electronic configuration of Mn in B s, 1522522p%3523p°30 (02)
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(iv) Write the TUPAC names of C and D.

C potassium amminepentacyanidomanganate(ll) (05)
D potassium amminepentacyanidomanganate(lll) (05)

Note : If spelling is incorrect do not award marks.

10{a): 75 marks

(b) (i) 1 Write the reduction half reaction corresponding to the electrode,
Agls)| AgClis)] CI(ag).

AgCli(s)+e —> Ag(s)+Clfaq) (05)
{ == accepted). Physical states are required.

H. State whether the electrode potential of Ag(_s)l AgCl(s) | CI(aq) depends on the Ag*
concentration in the solution. Explain your answer.

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

(ity Consider the following reaction.
Fe(s) + 2HYaq) + $0(2) — Feaq) + H,O(

L. Write the oxidation and reduction half reactions relevant to the above reaction.

Fe{s) = Fe¥(aq) +2e (oxidation half reaction) {08}
% Oag) + 2H'(aq) +2e -~ H,0(I) {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 =123V

E?
H* (ag)/ 0, (2)/ H 0

E°
Fe?* (ag)/Pets)

Standard cell potential = 1.23V - (-0.44V) OR (1.23 - (-0.44)}v (01401} + (01+01)
=167V (04+01)

02 - Chemistry {(Marking Scheme) | G.C.E. {A/L) Examination 2018 | Amendments to be included, 45




Department of Examinations - $ri Lanka Confidential

Gii) A constant current of 100mA was passed through 10000cm’ of a 0.10 mol dm™ aqueons
CaBr, solution as shown in the diagram. The temperature of the system was maintained
at 25°C.

T

|- Ca™(aq) Briag) =

L. Write the oxidation and reduction reactions that take place at the electrodes.

Oxidation half reaction,

2 8r{aq) —* Brag) +2e OR 2Br{aq) ——> Bral} + 2¢ (05)
Reduction half reaction,
2H,0{l) + 26 =%  Hyg) + 20H(aq) _ (05)

( =~==== accepted). Physical states are required.

11, Calculate the time taken for the commencement of precipitation of Ca(OH),(s). Solubility
product of Ca(OH), at 25 °C is 1.0x 10~ mol® dm®. Neglect the ionization of water. Assume
that the volume of the aqueous phase remains constant.

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

Required concentration of OH" to start precipitation of Ca{OH}): = [OH]]

& — 1.0x10~ 5mol 3dm™° 5 3 '
— _ : - 04+01
[OH™] J Y= OR 1.0x10?mol dm { )
¥ The amount of OH" required to provide the above concentration = Nou-
fow. = 1.0 x 107 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= 1.0 x 10" mol x 96500 C mof* OR 96.5C {04+01)
Time required to pass the charge Q, when the current flowis 100 mA, =t
%5C__ OR 965 s OR 16.08 min {04+01)

= Toox 10-3¢s1
(For the Faraday constant, a vaiue 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
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