0 IR,
e Perindic Table 15 provided.
o Use of calculators is not allowed.
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PART A - Structured Essay (Pages 2-8]
o Answer all the questions. . . uestion.
o Wrile your answer in the space provided for Eiii_grfll vt
Please note that the space provided is sufficien
and that extensive answers are not expected.

M.B. INSTRUCTION BOX

e r— —— — . —

In answering questions 3 and 4, you may represent
alkyl grouns in a condensed marner.

H H
eg H— (1: —_ iC — may be shown as CH,CH, -
' L
|
H H
A | |
PART B and PART C- Essay (pages 9-12)
Answer four questions selecting two questions from each part. Use

the paper supplied for this purpose.

At the end of the time allotted for this paper, tie the answers to

three parts A, B and € together so that Part A is on top and hand
them over to the Supervisor.

You are permitied (0 remove only Parts B and C of the question
paper from the Examination Hall.

'[Universai gas constant. R = $.314 JK*' mol*

Avogadro constant N, = 6.022 x 10* mol

—

PART A-STRUCTURED ESSAY

———— — —

Answer all four questions. Each question carries 10 marks.)

I {a) Complete the following statements -

(i} The element with the h
Naand Mgis.........

(ii) The element that reacts most vi
among Li, NaandKis.. .

(iii) The most thermally stable carbonate among Na,CO,,
CaCO, and MgCO, is ............. . '

(iv) The most water soluble hydrox
Ca(OH}: and Ba[OH)! [ T

(v) Thetwo elements that show the same highest oxidation
State among CI, Mn, P and Cr age

ighest melting point among Li.
gorously with water

ide among Mg(OH},,

(3.0 marks)

(b} The element M reacts easil

y with dilute H=SOi as well as
with dilute aqueous NaOH

solution at room te

. _ mperature
liberating the same gas. The salts of M are not electron
deficient compounds.

Identify M ...

Write balanced chemical equations for the reactions of M
with (i) dil. H,S0, (ii) aqueous NaOH

W) e e

L

G

(25 marks)
o . e -_'_‘——————._________
Sadeepa Publisher O
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{he resonance struetures of the N; (azidy) ion

(c) (i) Write
Give onc ﬂ[l}pii::nt ¥
godium aZlGe.
(ii) Three gkelches that can be used o show the E'"“"E"-‘rnc,.,h
i of repulsion units (honds and lone pairs) in 'ml“tu:h
are given below. Indicate the arrangement of "'crcmﬂsinn
units around the centrnl alom in the molecules,

SiF,. XcF,, and SF,
by choosing the appropriate §kelch. If-‘nr this purpog,
indicate the central atom insige the circle. bonds by

solid lines (-) and lone pairs by

.
ra
| EETERTeY
‘\
s,

{;1.5 marks)

o water soluble salts. Aqueous

2. (a) MCl_and Na_ A are (W : _ )
together forming an immedialg

solutions of these react
precipitate M_A_

In an experiment to determine the stoichiometry of this
reaction, 9 cm? portions of 0.2 mol dm* MCI_ solution were
mixed. in test tubes, with varying volumes of 0.3 mol dm?
Na_A solution. and the height of the precipitate after the
precipitate had settled down. was measured. The resultsare

given in the following graph.

Height
of the
precipitate

n ! M
T T T t t —+—#

12 3 4 5 6 7 8
Volume of Nz A solution / cm'
(i) Deduce the stoichiomerty of the reaction,

(ii) Is the above method suitable for determining the
stoichiometry of the reaction between AL(SO,), and
NH,OH?

Yes /No (Delete the inappropriate word)

Give two reasons Lo support your answer.

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

(5 ﬂn'l(‘il‘lxbi

R, and R, o

(b) The ester R—(E.P—UR is a crystalline solid. :
i drolysis 10

h_ydrocarbon chains. This ester undergoes hy
give the following equiiibrium. o)
R, COOR, (s)+H, 0 () —=>R_ € 0O (w)* Ry OH!

Scanned wil



The stalements given |m:ln“- refer 1o
pydrolysis of the ester. Fill in e 1y,
u;:illi-! onty Fitl!iﬂﬂc words/phrases,

jven below. The same word/phyp,ge
ce. Ench blank should be fifje

AProcedure (o the
u:.l:x nihe Matemers,
Ciecte from the |y
Ay he yagy More
ith ane word oy e

on

List of words/ phrases tw be yseq -
netivation energy. boiling - poin c
catalysis. Cm.wc""'ﬂll'ﬁﬂ. Contacy, tlccrcamc\ |
cquilibrium. increases, lefy, mixing, organic l-:cl'cnmg,-,
rate. right, slowly, sodium sall, solig Yield Mpouyng.

(i) The cster is ground to a fine powder.
Grinding rerversentinnn, the surface
This leads to an increase in the
between reactants.

arboxylic aci

arcaof the solig

(i) The rate of hydrolysis can be increased b usi .
or bases. Hydrolysis by waper alincmgc?:c;?i
e dUE 10 e higr;
s, Of the

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

j-l:;':a-glion. Acids and bases aél. as
for this reaction.

(iii) Aqueous NaOH is more suitable than aqueous HC| for
the above hydrolysis. Acid hydrolysis gives an

.................................. mixture of products and reactants,
Hence the amount of product obtained is limited by the

s . CONCENETAtions, When base
is used, the carboxylic acid formed on hydrolysis is

removed from the ... s, MiXMUTE as
S S
The equilibrium is thus pushed to the .. _
andthe ..o i increased.

(iv) The powdered ester is stirred with dil, NaOH and heated
to 60°C to complete the hydrolysis, Stirring helps 1o

iNCTEASe ............occoerennnn... between reactants and
heating increases the e e, OF The
reaction.

{v) After complete hydrolysis, when excess NaCl is
dissolved in the reaction mixture, a white solid sepa-
rates and rises 1o the top,

Dissolved NaCl increases the ...
of ions in solution. Under these conditions (he less
soluble ...t e of the
carboxylic acid separates. As the dissolved NaC! also
increases the .............c.ccoceeeeeeenn. of the solution, the
solid rises to the top.

(5.0 marks)

3. Selecting appropriate reagents and solvents for the chemical
reactions involved oniy from the following list, answer parts (a)
and (b).

acetone (CH,COCH, ), aniline (C HNH,),
bromobenzene(C H,Br), toluene (C,H,CH,)

Mg, Fe.P1

Br,, PCI,, NaCN cuprous bromide (Cu, Br,). AICL, CH,CI
NaBHr LIATH, KMnO,, NaNO,

conc.HNO,, conc. H,S0,

ag. NrOH, dil. H, 80,

waler, ethanol [(5:5-!501-!), ether (C,H,0C,H,)

Note :
. . 8 the
M n the following schemes, write in the w“.: :cl'le
Structures of (he appropriate compounds and |
Gircles the appropriate reagents / solvents. ‘
except in the
|3_y£rolysis for
circle

W Each arrgyy indicates 2 single reaction
¢ase of hydride reduction foilowed by oly
Which the reagents should be given In the sa
as shown below.

A, ‘Chey ,
ms“ﬂ'- ?ﬂﬂi Panar' TMOA - ,&‘;\]‘;I

— Q
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B e I e T S

1, Hyidrude
chosen
2140

e

(n) Show how you would prepare 1.1.2, 2« retramethylethene
from ncetone by completing irh scheme piven helow

——

[
@

I-ﬂ

@
10
O

1r]

|
FEH,\ _CH,
cC
| on

=C
< NCH

(4.9 marks)
(b} Show how you would synthesise the compound.

: CH,NH -@

Br

by completing the scheme given below.

hd

(5.1 marks)

Scanned with
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caeil nEvsrn -

& (0 A Baeome BOUEE Py ised gttt

‘ idi arbon atoms an Y aloms in
::Jb;f 1;(:Jd\::iimlinn of one of the hydrog

J i ! S]ll,
” w

. d .
and catalyst Y to give cﬂmP’“”f. ybridised bon atom
hybridised carbon atoms. one sp

and one oxygen atom. o
(i) Write the structures of A, By Cand D-

I

C | D

[N

(ii) What is cataiyst ¥?
Y =
(iii) How would you distinguish between A and B using 2
chemica! test? 5.

(4.0 marks)

(b) Consider the reactions given ir column Pof the table below,

(i) Write the structure of the major organic product of each

of the reactions in the respective cage in column Q of
the table,

(if) Identify the mechanism type of each of the reactions as

electrophilic addition (Ap),
electrophilic substitution (Se)
nucleophilic addition (A, )
nucleophilic substitution (8,)
Elimination (E) or

any other mechanism (M)

by writing ApSp A, S, Eor M, in the appropriate
cages in column R of the table.

(i) In electrophilic reactions write the
appropriate cages in column § g

{iv) In nucleophilic reactions write

_ . the nucleophiles in the
appropriate cages in colump T of the table.

electrophiles in the
fthe table,

{(v) In each of the reaclions wirte the colour of the main
organic product in the appropriate cage in column U of
the table

Sadeepn Publisher
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(’/ﬂ Q R S _'—-T\NT‘
"_’,P__——""""'"AM cha e N
Major | Mechia- . ,
" Reaction prganic | nism Electrophile| Nucleo. ?\
phil 0lg,
product lype € iy
L "] ____—‘—-—__4\‘\
aq NaOH
CHFHJCH’IH.‘. I N i
P ———r——____h\
CH, dit.H,80,
-CHI__—._-—'_"
CH; T T
| alcoholic
CH,CH:CHI'
,_._——""'_"—""— —
|
cH,cocl [
I, '
0w L
‘CHO 0, |
0 MHNH,
i e
,._——""'_—‘_—-_
H
? Cl
&ou__m
_._—-—"--—'—'_-"_""

e

Answ

5. (a) Yeastcells ob
oxidation of gl
Co,, by a process kn

er two questions only- (Each questio

~TPART B - ESSAY

(6.0 ma'rks]

———

n carries 15 marks.)

can be represented as follows

CﬂH iloll {aq) 'E:-_::

The standard

and alcohol(1) arc 2808 kJ mol!

respectively.

(i) Assumin
the disso

negligible, calculate the amount o

cothai

g that the e
lution of glucose(s) and

ain their energy requircments by incomplete
ucose (C,H,,0,) to alcohol (C,H,0H) and
own as fermentation. This process

2 C,H, OH (aq) + 2 CO; (g)

pies of combustion at 25"C of glucose(s)
and - 1368 kJ mol”

nthalpy changes associated with
alcohol(l) in water are
fenergy released when

2.5 mol of glucose is fermented by yeast at 25'C.

(ii) What is the ratio between the cnergy
fermentation of a certain amounl of gl
energy relcased during 'respiration’ of the same amo

of glucos

Note : In ‘respiration’ glucose is oxidiscd comple!

e inman?

(b Th='= figure alongside shows a rigid
cylindrical vessel fitted with a weight-

less, frictionl

ess and gas tight piston.

'h' is the height of the piston above the
batlor'n of the vessel when the vesscl
contains a gas and 'p’ is the external
pressure acting on the piston. The area
of cross section of the piston is 8.314 x

107 mt,

i csol i it
(i} ;Fhe vessel is initially filled with a gas X.
lf:jf:'ll[itrilli.lrc of the vessel and contents is 27
10° Pa, his 3.0 m. Calculate the number of molc

the vesse

relcased by
ucose and the

unt

tely.
(4.0 marks)

when (h¢
¢ and Pl's
50!'?“‘ in
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6. (a

« dissociates when heated above 80°C, resulting in the
following equilibrium,

1 () == Y@ +Z()

The vessel in (i) above is heated and (he conlents
allowed 0 reach equilibrium at 127¢ keepin

constant at 10* Pa. Under these conditions, the Vcs:;fi iP
found 10 contnin 4.0 mol of X, Calculnte the !'an:wingF:

(i)

(A} the value of h

(B) the partial pressures of the gases X, V and 7.

(C) the equilibrium constant, K , for the above
equilirium at 127°C.

(i) 100 mol (?f an inert gas § is then introduced to the
vessel in (i) above and the system allowed to reach
equilibrium at 127"C, keeping h at the same value as in
(ii) (A) above. Calculate the values of partial pressures
of X,Y, £ and S, and the value of p under these
conditions.

(iv)p is then allowed to change back to 10s Pa, keeping the
wemperaturc of the mixture in (iii) above at 127°C,
Calculate h, and the partial prssures of the gases X, ¥, Z
and § under the new equilibrium conditions,

(v) State any assumptions you made in these calculations.

{11.0 marks)

) Moiecular iodine (1,) can be partitioned between chloroform
(CHCL,) and water.

15.00 cm’ of a 0.050 mol dm* solution of 1, (in CHCL,) is
shaken wel} with 100.0 ¢m® of water and the system is
allowed to attain equilibrium at 25°C. 5.00 cm® of the

 equilibrium CHCL, layer requires 24.00 cm® of 2 0.020 mol

dm aqueous solution of Na,S,0, for complete reaction
with the 1, dissolved in the chloroform.

Calculate following :
(i) The concentrations of 1, in the CHCl, and aqueous layers.

(i) The partition coefficicnt for the partitioning of 1,
between CHCL, and water at 25°C. :
(4.0 marks)

(b) L, also dissolves in aqueous K1 solution to give the following

equilibriumn.

Lag+1I,, == Iaq)

I; (ag) and I(aq) are not seluble in CHCL,. Given below isan
experimental procedure to determine the equilibrium
constant, K , of the above equilibrium at 25°C.

The experiment in (a) above is repeated using 100.0 cm’® of
a0.050 mol dm aqueous solution of Ki instead of the 100.0
em? of water. 5.00 cm? of the CHCI, layer requires 8.00 qm‘
of 0.020 mol dm™ aqueous Na,S,0, for complete reaction
with the 1, dissolved in CHCI,.

Calculate the following :

(i) The concentrations of 1, in the CHCI, and aqueous
layers.

(i) The number of moles of L, that reacted with T(aa) 1©

give I (aq)
(iii) The concentrations of I'(aq) and Iy (aq)
(iv) The equ}]ibrjum constant, K at25°C for the 1,(2q),

T'(aq) and I; (aq) equilibrium. ,
A (10.0 marks)

e ———
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7.

(€) "Tincture of lodine' is n solution of 1, in agueous ¥, used

for the disinfection of wounds. Give two reasons for the
use of this solution, rather then an agueous solution of |,
for the above purpose.

(i.0 marks)

(0) (i) A 100em® of 0. 100 mol dm? aqueous CuSO, solution

containing a small amount of Na, SO, was clectrolysed
using two clean copper (Cu) clectrodes, cach with o
mass of 10.0 g. During this experiment. a current of 300
mA was passed for 9.65 minutes.
Caleulate
(A) the mass of the cathode
(B) the mass of the anode, and
(C) the concentration of Cu® ions in the solution

at the end of this electrolysis experiment.

Mote : Charge of 1 mol of electrons is 96500 C. Cu = 63.5

(ii) Atthe end of the experiment described in (i) above. 100 ‘
cm’ of water was added 1o the electrolyte solution, the .
solution was stirred, and the electrolysis was continued by
passing a current of 300 mA for a further 9.65 minutes.
Deduce

(A)the mass of the cathode

(B) the mass of the anode, and

(C) the concentration of Cu?* ions in.the solution
at the end of this electrolysis experiment.

(iii) Is eiectrolysis a good method to discharge only Pb*
ions from a solution containing both Pk and Cu®* jons?
Give reasons for your answer.

B et aycu = 034 V 1 EY =-0.13V

(5.0 marks)

th*(aq;l"l’i:[s:l

- (b) An aqueous solution contains Na PO, and N, S0, only.

Excess of aqueous Ba(OH), solution is added to this

solution with stirring until ne further precipitation is
observed.

In this experiment, it was lound that 200 em* of 5.0 x 107
mol dm* Ba(OH), solution has been added for 100 ¢m”® of
the above solution. When the precipitate was filtered.
washed and dried, its weight was found to be 0.1435 g. The
concentration of SO (aq) in the fiitrate was found to be
1.1 x 107 mol dm™.

(i) Calculate the concentration of Ba™ in the filtrate.

(i) Hence calculate the number of moles of Ba™ in the
precipitate.

(iii) Hence calculate the number of moles of BaSO, and the
number of moles of Ba,(PO,), in the precipitate.

(iv) Hence calculate the concentrations of PO} and SO} in
the initial solution.

(0=16.0, Na=23.0, P=31.0, $=320, Ba=137.0)
Solubility product of BaSO, at 25'C = 1.1 x 10" mol* dm*
Solubility product of Ba,(PO)), a1 25'C

=34 x 10 mo! dm™"

{ 10.0 marks)



PART B - ESSAY

Answer two questions only, (Each question carries 15 Aris.)

8 (1) 3 und M are 3d transition clements. _
L, forms an oxyanion which is tetrahedral in shape
M forms a cation M” .
One mole of the oxyanion of L reacts with fiv
N oxidising It to M* and forming Lx. -
An aqueoils solution of M* is yellow=brown in colour and

Jiberates 1, from K1,
(i} Deduce the oxidation state of L in the oxyanion.

¢ moles of

(if) What ore the elements 1, and M?

(ifi) Write the chemical formula of the oxyanion of L.

(iv) Give the reducing agents and the reaction conditions
employed in a method used industrially to convert M,0,
10 the eiement M.

(v) Give one reaction of L(OH), useful in quantitative
analysis

(7.5 marks)

(b) A diagram of the diaphragm cell used to manufacture NaOH
is given below.

{i) NameA.B.C.Dand E )
(ii) What are the constituents of solutions F and G?
(1ii) Indicate the materials used for the anode and cathode?

(iv) What factors must be taken into consideration in
selecting malerials for the anode and the cathode?

(v) What s the rolc of the diaphragm?

(vi) Explain why the solution level of one compartment is
usually maintained at a higher level than that of the
other compartment.

(vi1) Give two reasons for the use of brine but not a dilute
solution of NaCl as the electrolyte.

(7.5 marks)

9. (a) Tesis carned out with a salt X and the relevant observations
are given below.

Test Observations T
(A) Warmed X with dil HCI
Colurless solution,
No evolution of gases.

(B) Passed H,5 through solution Orange coloured precipitate

in{A})above.
(C)y Diluted asolutionof Xndil. | A white precipitate
HCI, with water.
(D) Warmed X with NaOH | No gas evolved.
solution.
(Ey Warmed X with NaOH |
solution and Al powder.

— e

Ammonia evolved.

e

Sadeepn Publisher
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gyate the inferences that you can make frg,, Ca
i 1alc ot
) above tests.
o 1dentity the salt %
.f“) [dl.l’llll}' o .
\ he identity of (he ..
A o confirm ta Y ol the
(iii}lec oné test t ml|unl

(5

h nr“ht

A) mﬂfkg}

ion B contains SO and C,0 % iong, 25

)@ A r?::;j::*ed 40,0’ of 0.05 mol > o1
So]lfti(:)n for complete reaction undt'ij acidic Cﬂhdiunoe

‘ ;f;,:,-csulting solution was U’t‘.ill?f.l with excegs of a{n:i
in the presence of_dil. HN?a. ] he mass of the “’hilé

precipitate S0 obtained after drying was (.46, g

Calcutate the concentrations of SO nad .0 iong in
~ solution B.
(Ba=137.0: §=320 0=10)

i You are provided with a finejfy powdered Mixyy

containing Fe, Al, Cuand Zn. using o-n'ly the Chemicais
given below, briefly indic?atc a chemlcal_ method (n,
experimental details required) to determine the Magg

percentage of each metal in the mixture,
Chemicals : dilute H,SO,, aqueous NaOH, anqd dilute
NH,OH

(10.0 markg)

10. (a) (i) Write structures of (A) P, (white phosphorys)
molecule and (B) three (noncyclic) oxyacids of
phosphorus.

Write the names of these three oxyacids and indicate
the oxidation number of the phosphorus atom in each -
case.

(ii) White phosphorus(P ) reacts with Ba(OH)2 solution
forming barium hypophosphite cnd a gaseous product
containing phosphorus.

Write a balanced chemical equatior for this reaction

Indicate the oxidation number of cach phosphorus atom
in the reactant and the products.

Based on these oxidation numbers, name

the type of
this reaction.

(ii)Nitrogen exists as N, molecules with a N = N bond
while phosphorus exists as P molecules with P-P
bonds. '

Explain this using the following bond dissociation ener-
gies (kJ mol)

(N=No4g P=P490. N-N 160 ;P - P 200)

10.0 marks

(3.0 marks)
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