s ['cnndlc T :h ¢ pron ulLd on puge H,
o Useof calculators 1 not allowed

PART A - Structured Essay (Pages 2-8)

o Answer all the guestions

o Wnic vour answer in the space provided for each question.
P’lease note that the space provided is sufficient for the answer
and that elensive answers are not expected

N INSTRUCTION BOX

In answering questions 3 and 4, you may represent
alkyl groups in a condensed manner.

I11 H |
|
g H— (lj — C — may be shown as CI—[;CH1 - |
1 |
| ~_H_H |

PART B and PART C - Essay (pages 9-14)

Answer four questions sclecting not more than two questions from
cach part. Use the paper supplicd for this purpose.

Al the end of the time allotted for this paper, tie the answers 1o
three pans A, B and C together so that Part A is on top and hand
them over 1o the Supervisor.

You arc permitted o remove only Paris B and  of the question

paper from the Examination Hall,
8314 1K mol |
6.022 x 10® mclll

PARTA - STRUC"UJRET} ESSAY

1l

Universal gas constant, R
Avogadro constant N,

v n ia ————— = P

Answer all four qursnons on t]-us papcr itself. (Each question
carries [0 mariks.)

I. {a) Compleic cach of the staicmenis given below by filling the
blanks with a compound from the following list.

BCI, PCl, €i)0,. N, O, Si0,, HF, Hi, HCL H,,S, H,C

(i} The mostacidic GRIGE IS .....ooveeeieriee e v

(ii) The hydrogen halide showing the highesi acidity in
agueous solution is ...

(i} The compound with the highesi melting point is

{iv} The compound forming the strongest nydrogen bords

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

{v) The compound most fikeiy o act as a Lewis acid is

2.

(b) X is 4 non-transition element which dacs not react with
deuterium oxide (D,0) at room temperature. The hvdroxide
of X is not amphoteric but shows basic properties The
sulphate of X 1s very soluble in water

(i) Identity X

(i) Give balanced chemical equations for the reactions thal
occur when X 1s burntin air

(3 4 marks)

(c) A,B, Cand D are four non-transition ciements whose atomic
numbers are Z, Z+1, X+2 and Z+3 respectively OF these
elements, C has the highest first ionization energy. Identify
the group in the periodic 1able o which € belongs. if
(1) the awomic radius of I is smaller than that of C.

(ii} the atomic radius of D is larger than that of C.
(3.0 marks)
(a) ¥ is a hydrated salt containing Ma. S. H and O oniy It
contains i8.5% of Na, 25.8% of S and 4.0% of H. by mass.

In this compound H is present as H,O only
(Na=23.0,5=320,H=10.0=16.0)

{i) Determine the ¢empirical formula of ¥

(2.5 marks)
(i) If the relative molecular mass of'Y is 248, deduce its
molecuiar formula.
(0.6 marks)

{iii) Draw the struciure of the anion of salt .

(1.0 marks)
(iv) Give a commonly used name for

(0.3 marks)
w1} The ciement with the numericelly highest oxidation (v) Civeiwe usesol ¥
number is found in the compound .........oo..ooevvserrne e,
(3.6 morks)
(0.6 marks)
AL Chomis: 7y - [?a::fr";‘5:1[;;'.-3:‘T 3008« Aprid o Q-5 )
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Pra mon ol modecules witk speed V

(b) The reversible reaction 24(g) —==> Big) reaches equilib-

rium 2l temperatures 2bove 100°C. Figure 1. shows the
actvation enerpy cunve for the above reaction Figure 1.
shows the Maxwell - Bolzmann distributions of speeds for
the molecules A and B at temperatures T, and T, where
,>T >100C

Fa

Frgore 11
(1) In figure |, draw vertica! arrows 10 show the activation
energy of the forward reaction. F. and the activation
energy of the reverse reaction, R. Labei them F and R.

(1) Delete the inappropriate words in the following state-
menl

The forward reaction is endothermic/exothermic and
its enthalpy change is negative/positive,

(m) In figure I X and Y are the speeds of molecules with
snergy cqual to cach activation energy. Idenufy the
activauon encrgics corresponding to X and Y, by
writing F and R in the appropnate cages placed below X
and Y in the figure

(vyIn figure I1. ¥, and ¥, refer to the mean speeds of the
two types of molecules al the same temperature. The
mecan molecular speed is inversely proportional to
moiccular mass 1dentify as to which rype of molecules
the mean speeds V| and V, refertoby wnting A and B in
the appropnate cages placed below V| and V, in the
figure .

tv) Henee wdenufy the different distributions in figure 11,
by wriiing A and B in the appropnate triangles and T,
and T, in the appropriate adjacent circles. which are
placed at the ends of the curves

{vi) Delcte the inappropriate words i1n the fellowing
siatements -

The equilibnum concentration of A at T, is greater/
smalier, than s value at T,
“he equilibrium concentration of B ai 7 is greater/
smaller. than its value at T,
When the temperature is increased from T, 1o T,
the rate of the forward resction inereeses/ de-

crepses and the rate of the reverse reactior in-
creases/ decrenses”

{5.0 marks)

3 Selecting appropriate reagents and solyeq,

Only from
¢ rO!ln—.,;E? i
S,

below. show how vou would synthesize "
pound

H}

H{'i'HCH =CH,

CH

CH, CH = CH,
List of reagents and solvents

acetophenone ((C_H,COCH,). Propenal (CH_
AICI,. PC1,, CI.. I, .
NaBH,. KMnO,. Ag,0

Mg Zn (Hg)

water. conc. HCL. ag NaOH

acetone. ethanol. dry ether

= Clml

Note :
L In the foliowing schemes each arrow indicate ,
single reaction.

1L Write in the boxes the structures of the appropriag
cempounds ard in the circles the reagents/solveng
required.

tIL Before filling the scheme on the ANSWerscript, yeg

areadvised to work out the correct reactien sequenes
on a rough pzper.

™

A

(10,0 marks!

Sodeepa Publisher
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4 (a) A and Bareisomeric hydrocarbons each having twe sp’ -

hybridized carbon atoms. two sp? - hybridized carbon aoms
and two sp-hybridized carbon atoms. A shows optical
isomerism while B shows peometric isomerism. Write one
possible structure cach. for A and B in the cages below.

L

(2.0 marks)

(b) A compound X with the molecular formula, C,H,,0 reacts
(1) with hot acidic KMnO, to give benzoic acid,
(1) with sodium to give a colourless and odourless gas Y, and

tiiiywith concentrated hydrochloric acid and zine chloride to
give a cloudy precipitate immediately

Write the structure ef X in the cage below

T

(ii} 1dentify the mechanism type of each of the above reac-

tions as.

electrophilic addition (A ).

electrophilic substitution (S.).

nucleophilic addition (A ).

nucieophilic substitution (S,) or

any other mechanism (M)
by writing A, S,. A, S, or M in the appropriate cage
in the second column of the table below.
Also write in the appropniate cages the clectrophiles in
electrophilic reactions and the nucleophiles in nucleophitic

— reaciions.
|
Reaction | Mechanism - type _Ele:]cuoph:fcl_ Mucleophile
(in electrophilic |(1n nucleophilic
number (A, 5. A, S,0r M) reactions) reaclions)
_K [ )
Identify the gas ¥ in the cage below. 1
I
v -
[~ —
(ifi}Write the structure of the intermediate in reaction (V)
Y

(2.0 marks)
(c) Consider the following reactions (1-V)

KCi
() CHCH| —— > p
HBr
ethar

() CH,CH=CH, - >Q
dii.ag NaOH
(1) CHCHO = 2

o

| H, M
—_ —.—u—uw e
(Iv) @(C 5 ethanol S
CH = CH,
de

(1) PGy R, S and T ere the respective major products of the
gbove reaciions, (1) - {V).
Vrite their siructures in the eppropriate cages

] ]
L l______b__.J

———

AL "Chemistry - Past Paper* 2005 - .szn'il_-

conc. HNOQ,
|
conc. H, 5O, i

N
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Sudeepa Publisher



e =0 A closed vessel contains. mm—m‘ .
- ,t',‘ —s A3 and C. in cquilibrium with 4 vapoy Ce vor; R

bhirat e ies 15 mavks.) € molecules only, at 3 jome . PHaSe ¢q- 40

Answer two questions only. (Each question carries 15 mav A,BandTm S onty, al a (g

e

— ; MPCratyre ¢ Maiy,
Cr—— vapour pressure is H. There are ng mttmcﬁ'-:-. The Eﬂ
3 Answer pan (a) and sither part (b) ot (c) oniy. molecules in the vapour phase, why, i nsbmw% ly
. . wnpive B : ! Cre ;
(a) At temperatures above 400 I, A(g)dissociates o give B{g) uniformity of forces amongst the molc‘:ulc: .' cnmm':‘t
and B (g) resuliing in the equilibrivm, phase. Some sclected properties of gy, Elbu-.rcl the h'ﬂu:;
ai(g) = B(e)+D (2) ils pure COMPpONENLS are given in the tablg bt]u:f}’!ﬂtm g
(i) The equitibrium constants K and K_for the above i '
I e "y S Pure Liquid Liquid phase
cthmumhm.elhc same numenicai value. S'[il[‘l.‘.'.'lg‘“'im relative number of nulnhlﬂf’ﬁ%
the definitions of K, and K for the above reaction, compound "BDB;:E molecular | o ool ot mu;::rlnrl _—
deduce that the balancing coefficient, 'a', in the above press mass Hles wﬂ“'
cquation is equal 10 2. — - a . Tj‘l\
(i) 1n a ceriain equilibrium mixture of the gases A,Band D, A l M 7a
a1 300 K. the respective partial pressures of the gases B l Hi2 b
are as follows ; | ¢ N ib
|
PL=2x10'Pa. P,=8x10°Paand P, =2x10'Pa e
C;! ] 2 e ‘“1 ‘o Using only the symbols given in this question and ng ¢
culate Kp for the above equilibrium at 500 K. write down expressions for the following ang simplify 3
(i) A rigid vessel of volume 4.157m’ is filled with only as far as possible. them
A{g) at 27°C and the pressure of the gas under these
i : i Constant N,
conditions is X. When the vessel and its contents are {1) Avogadro A . ..
heated 1o 500 K, and the system allowed 10 reach (it) q, the number of moles of B, in the liquid phase
equilibrium at this temperature, it is found that, the

(iii} ¢, the aumber of molecules of C in the liquiq phase
total pressue in the vesse] ‘

1s ¥ and the partial pressure

: iv) the mole fractions of A, B and C, in the | uid
of B in the vessel is Z. Assuming that the volume of the 1 : . 4410 phase,
vesse! is unchanged on heating, show that, (v) the partial presssure of B, in the vapour phase.
5 v o5 (vi) the total number of moles T, in the vapour phase.
Y=35 Z and == T N . . ,
= X (vii) the mole fractions of A, B and C in the vapour phage
Slan:' Any assumption/s you have used. (viii) the partial pressure of 4 and C in the vapour phase
!:Y 1583 x 10° Pa. calculate the values of X and Z. (ix) the volume G, of the vapour phase. if the £as constantis 3
(iv) To the equilibrium mixture in (iii) above where Y=8 x -,
108 Pa, nqmnlcs of & are added. When the system reaches (x) r.h;;;can square speed of A molecules. C inthe Yapou
equilibrium again at 500 K, the 1otal pressure in the phase.

vesselis found1obe 2.5 % 10° Pa. Calculate the value of

nand the partial pressures of #(g), B(g) anc D(g) under
the new equilibrium conditions.

(N.B. Answers with symbols other than those given ip
the guestion will not be given marks)

(7.0 marks)
(8.0 marks}

(b) Write down balanced chemical equations for the processes
appropriaie to each of the following statements from (i) to {wvii}.
(i) The standard electron gain enthaipy, AH
15 -328.0 kJ mo!".
(i} The standard enthalpy of formation. AH?, of MgCl(s) (1) 500 cm’ of ar:aqueous solution containing 90.0 ppm
i5 -614.0 %J mol" of X, was shaken well with 100.0 em’® of ether and
(iii) The siandard enthalpy of cembustion, AH, . of stearic the two layers allowed to reach equilibrium at 25%€C.
acid, C ,H,,COOH. is -11380.0 ki mol" The ether layer was then separated and evaporated
{iv) The standard enthalpy of first ionisation, AHY, and the

10 dryness. A residue containing 40.0 mg of X was
v e . u tained.
standard enthalpy of second ionisation, AH : o Mgare obtaine

respectively. 737.6 k) mei*.and 1451.0 kJ ol

6. Answer all parts

(a) A procedure used in a stucent project

pollution of ground water in a villa
of relat

Lo investigate the

e by an ngrochemical X
ive molecular mass 125, is given below,

" .
£+ Of bromine

(1) Experiment (1) was repeated using 1000.0 cm' of

dard enthalpy of atomisation, AHY . of Ma is water from a \fucll. in pJ:f-: ofl!?c 500.0 c_m’ of the
v) E’:;‘:; I enthalpy o » AT, 0f g aqueous solution of X. The residue oblained cor
o8 &¥ mol t@ined 43.2 mg of X
. H T U - i
Wﬂg‘%gggf‘::ﬁl'“ enthaipy. AH{ . of MeBrfs). is (1if) 2000.0 cm? of the above well water was shaket
(v1i)The standard bond dissociation enthalpy, AHY,, of Br ith 100.0 g of ground redbrick powder fordl m—:;
i$ 193,010 mol * oo ! utes. The water was then filtered io remove bf'mr
. arti i +d. this 1l
Given that the standard state for bromine is Br,(l) and particles. Exp cr;m?nl (1) was rltpcaf" lace ofthe
that s standard enthalpy of vaporisation AH?_,is 15.0 ;;g'g 10(10‘:,}1;"’ of the ab“::{!l'ﬂ‘:%"%c esidue
kK mol’, calculate the standard enthalpy changes of the bla-i zd’ﬂ o w:‘.! agu;gus soof “IJ A
foilowing reactions (viii) and (ix). oblained contained 6.0 mg of X directh
. (i) Calculate the content of X in the water obtained di w:'-.
fviii) Mg (s} + Br, (1) = MgBr, (s) _ from the wel! and in the wel} water after treatment
(ix) Q)+ Mghr, (s) ~+ MgC L(s) + Br, (i) brick powder, in ppm and in mol dm™. 1n each &5
(7.0 marks) (1 ppm = | mg dm™) .
. e __—-._—'.’
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(ii) Giving reasons for your answer, explain the observa-
tions in (111) above.

(iii) What additional measurements are needed to make the
results more reliable and gencrally applicable (o the
ground water quality of the village?

(iv) The World Health Organisation (WHO) recommenda-
tion for the maximum content of X, in drinking water is
9.0 ppm. Suggest a method based on the above

procedure, to bring to bring the well water to the above
WHO standard.

(8.0 marks)

{b) A student prepared 100.0 g each of three mixtures P, Q and
R by mixing the finely ground metals Al, Zn and Mg. The
masses of the metals used for each mixture are given in the

table below
I Mass of metal/ g B Tota!
Mixture Al Zn Mg | mass'g
P 216 13.0 65.4 100.0
Q 270 52.0 21.0 100.0 I
| R 32.4 65.0 E 2.6 ' 1060.0 !

(Al =270, Zn = 65.0, Mg =24.0)

The student however, failed to label the mixtures and they
cannot be identified visually. You are provided with 1.0 g
samples of cach of the three mixtures. Show, with necessary
calcuiations, how you would identify the three mixtures
using only the following :

0.2 mol dm* HCI solution

Three identical empty bottles

Three ideniical balloons. the open ends of which fit
tightly over the mouths of the bottles.

Write balanced chemical equations fer any reactions you
may use,

(7.0 marks)

Answer all parts,

(a) A is & saturated aqueous solution of AgCland B is a 0. 1ol
dm™ agueous soiution ¢f NaCl, saturated wiih AgCl.

Al 25°C. the solubitity product of AgCl = ix 16""° mol’ dm*
(Ag=107.0.Cl = 35.5)
(i) Celcuiate the concentration of Ag"(ag) and the solubil-

iy of AgCl in mg dm?, in each of the solutions & and B
at 25°C.

{1i) Draw a iabelled skeich of an experimental arrargement
for cleciroplating a small copper ring with silver, using
one of the solutions A and B. Indicaie the polarity (+ve
or -ve) of the electrodes and clearly lzbe) the anode and
cathode. Name the meizls used for the enode and
cathode.

(i) M is knowm that the lower the rate of electropialing, the
finer and shinier the metal coaiing obtzined. Using your
knowiedge of chemical kinetics, deduce giving reesoas
2s o which of the soluiions 4 and B is more suitable for
the above experiment (ii). )

itv) The following equilibiium eccurs when e silver salt is
dissotved in en aquecus zolution of [KCN

Answer two questions only. (Each question carries 15 marks.)

[Ag(CN) I, == Ag (ag)+2CN (aq)
Explain why a solution of a silver salt in aqueous KCN
is more suitable than an aquecous solution of the silver
salt of the same concentration for the commerciai
electroplating with Ag.

Comment on the magnitude of the equilibrium constant
of the above equilibrium.

(v) Explain why an ammoniacal solution of AgNO, and not
an aqueous sofution of AgNO,, is used as the oxidising
agent, in the Tollen's silver mirror test for organic
reducing agents.

(vi) The copper ring was silver plated at a constant current
of 0.15A for 40 minutes. Calculate the increase in mass
of the copper ring.

(Faraday Constant, F = 96540 C mol™)

(vii) The electrode potential of aAg Ag'* electrode becomes
more positive as the concentration of Ag'(ag) in the
electrolyte increases. Skeich an electrochemical cell
which can be made using the solutions A and B. two
siiver rods and a salt bridge as the only componen'.
Label the sketch 10 show clearly the anede and cathod 2
and identify the anode and cathode solutions as A or B.

(10.0 mart s)

(b) Deduce by means of suitable calculations, what you w.aid
expect to observe when 100.0 cm? of a | x 10* mol ¢m"?
aqueous solulion of barium hydroxide is mixed with 110.0
cm’ of a 2.5 x 10** mol dm™ aqueous solution of cadmium
sulphate at 25°C.

Al 25°C
solubility product of barium suiphate = | x 10" mel* dm*
solubility preduct of cadmium hydroxide
= 1.2x 10" o P dm™
(5.1 marks)

o — —

PART B - ESSAY

8. Answer all paris.

(a) (i) M isa 3c- transition element. M forms a stable dioxide
MO,, which is white in colour,

(A)ldentify M
(B} Wriie the complete electronic configuration of #.

(C) Give one industrial application in each case for i
and MO,

(if) The tests performed on a solution prepared by dissolving
two 3d-iransition metal chlorides in waler (solution S)
and the relevant observations are given below

|

{ (A} Aqueous NaOH was added to,| A blue-green precipitate was

i

‘.: (C) Conc. HCI was added to the

{{D) Diluted the yzllow solution

{{B) Sciutior § was warmed with

Test I Observetion

—_—

soiviion S. obtained.

A precipitate and a yellow
aqueous MaOH and ii,C, and| fHltrale were obtained.

filtered.
A yeliow solution was
precipitaic obtained in (3) | obtained.

A black precipitale was

obuained in {T) and pass=d HS.

obtained
]
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ldznnify the cations present in $

Identify the respectrve 1ons responsible fagghe vellow ccrlﬂuf
of the filtrate from test (B) and the yellow colour of 'hi
solution obtained 1n test (C) Write balanced chemical
equalions for the formation of these two ions in the above
reactionms

What do you expect to observe when the filtrate from (B }
s acwdified? Grve the relevant balanced chemical equahion
(8.0 marks)

(b) Ammonia s produced industnally using N, and H, The
following questions refer 1o the Haher process for the many-
facture of NH,

(1) What are the sources of N, and H, used for this
process”

(n) What are the speaific reaction conditions {temperature,
pressure and catalyst) used”

(1) How docs the catalyst affect the rate of the forward

reaction. the mate of the reverse reaction and the equilibrium
constant”?

(1iv) Name one industry in which NH, is oxidized. What are
the reaction conditions employed in this oxidation?
tv) Give aae household use of ammonia

tvi) Write balanced chemical equations and the necessary
reaction condimions for the reactions of ammoniz with
cach of the foliowing

Cu), Z? and Na

{vi) Give. i each case. one ammonium ~ompound that 1s
used in

{A) the ferulizer industny
(13) the rubber industry

What 1s the role of cach of the above cempounds in the
relevant indusin®

7.0 marks)

Answer gl pans

(a2 1) NH, s onc of the starung matenals used for the production
of Na, CO, by the "Solvay' process What are the other
starting materials used for this process? How are these
other matenals obtamed?

(i} Give two by - products of this process

i) Give halanced chemical equations fof the reactions
ahing place duning this process of production and
duning the revy cling of by -products

#rv) Give 15990 reasons as 10 why a low temperature (<15%C)
M used 1in this process

%) Give three smpartant (actors thai need to be considered
n chooting » site for this industry.

(%11 Give wmz indusinal vse i cach case for Ne,CC, and
et 0,

(7.5 marks)

‘M1 A et Ba for deverinening the chlonde won concentration of
dometi woser wupplies contzing 3 AgNO solution and a
N A, milutn AgNO| wlution 13 added dropwise to &
20 cm’ samrple of the waics 10 be tested. 1o which K Cr),
wdiczior has been added When sufYiciens AgNO, has been
added 1o conven all (1 wins 0 AgCi the end rimt iy inds-
woled iy e tormatesn of orange coloured Ag,Cr), The
somentranon of Aghd) s siah tha each drop of AghO,
whution consuried worresponds w 2 S mg of Ci 1ons1n 1 0

Jin' of weter tested when the sarmple size of water tested 13
MOum

(i) What mass of CI' (in mg) 15 containegy 1N acybc
of water sample which requires |2 d’“PsofM
solution 10 reach the end point indicareq by MEN{)!
colour change? .

(i) What s the molar concentration of CI yon

o (i Sinj
sample tested in (i)? he ey

(iii) If expeniment (1) is repeated using 6 0 ¢y oy of
same sample of water used in (1) above pg,, i the
drops of AgNO, wili be required 1o reach e end )
Under these conditions. what C* ion conten, inm ua.rf
of the water sample corresponds 1o one drop o Agng
solution used? 4

(iv)  Whatis the molar concentration of the AgN

tion? (Volume of 20 drops = 1 0 cm?)

(C1=355. AE=1070. N=140. 0.5,
[‘“}mm

(c) Consider the polymers poly(styrene). poly (viny) chig
ride) and natural rubber.

For each of these polymers.

0, soy

(i} Write the structure of the repeal unit

(ii) Write the structure of the monomer which polymenye
1o form the above polymer
Give one simple test that can be carried out al your home

distinguish between PVC and bakz=lite (phenol - formalde.
hyde).

(3.5 markg

Answer all pans

(a) You are provided with uniabelled samples of (NH,), C0,
ZnCO,. MgCO, and BaCO, . a furnace that can be heated
10 high temperaiures. distilied water. dilute HCI test lwhs
and crucibles. Show how you would identify these carbonaes
using only the maierials mentioned above

Wnite balanced chemical equations for the reactions YOU kst
(5.0 marks)

(b) Give ane sulphur contaimng and one chlorine comainieg
compound. each of which acts as a bleaching agent Expia

the bleaching action of each compound Give one method®

cach case for the industrial production of the blcaching age®
you menitoned above,

(4 0 mankd
(¢} Antacid tablets are used 10 wonirol excessive acid (HCH#
the gastric solution present in the stomach. One make®
antecid tablets contains 0.520 ¢ of Mg S1.0, and 0.087g¥
Mg(OH), per tablet. both of which react with HC
The stomach of a paticn: contains 0 365 g of 11C1 per i3
cm’of gastnc solution The to1al volume oi the gastnc sl
tron 1s 500 0 e

Calculate

(4} the pH of the gastric solution of the peiient
(i) the pil of the gastnc solution after aihe patien 1%
taken two of these antacid whlets Assume that the
have reacted compietely with the gastric solution and
no furiher acid has been secreted during this penod
Mg, 51,0, reacts with HCi as follows
Mg, i, 0, + 4 HC =3 2MgCl, + 3 810+ 200

4 o ]5 5'
( - 2@ 3 - L] "_ il s 1 " [ ;
I"IR 0. S 2800 16 60 ﬁgl
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