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- questions selecting two questions from each part. Use
fnsw et 100 e for this purpose.

‘-.K pap  the time allotted for this paper, tie the answers 0
At the < \ B and C together so that Part A is on top and hand
three P'll-'-‘-,- the Supervisor.

e red to remove only Parts B and C of the question
;01[\::1'1[[':“-;'\‘:. :I:-_I:' J Lr:;am ination Hall.

8.314 JK' mol”
= 6,022 x 10" mol?!

-1 -||_| \ :‘;F-l] gas constant, R
Anopadro constant N,

=" PARTA-STRUCTURED ESSAY

J| four questions. Each question carries 10 marks.

Answet

W rite the complete electronic configuration of the

b ment X with the atomic number 33.

(irt What are the most common oxidation states of the
clement X7
(inGive the chemical formulae of the stable oxides of X.
(2 5 marks)
ih) The first four electronic energy levels of the hydrogen atom
ar¢ represented in the diagram given below.

Indicate with arrows gj| ¢
occur between the phove
sponsible for emissiog 1
the visible region and (¢

lectranic Uransitions
cn-.:_rgy levels and w
NEsin (A) the infryered feiion (1}

) the ultra-vig)er region
Write the names of (he Series 1o which e

belongs, in the space provided i

that eouby
hich ar ere

ach st of ligjes
the diagram

(27 mmskg)
(c) Y and Z are two non-transition elements belonging 1o the
same group of the periodic tble. They form |
YZ,nd Yz, ¥ (ks componiads
(i) identify the clements Y and Z
(ii) Name the shapes of the molecules YZ and Y7 (Dia
grams are not acceptable) l
YZ, YZ,

(3.0 marks)

(d) A, B, C and D are consecutive non-transition elements in
the periodic table with atomic number increasing from A 1o
D. Atomic number of D is less than 30.

The first ionization cnergies of these elements are in the
order D<<A<B<(.

Arrange these elements in the inc reasing order of electrone
gativity

(1.8 marks)

2. (a) (i} Magnetite, Fe 0, is a mixed oxide of iron. Write the
formulae of the constituent oxides of this mineral.
(ii) A mixture contains Fe 0, and Fe,0,. A 5.52 g sample
of this mixture when dissolved in dil FLSO, required
20.0 em’ of 0.10 mol dm KMnO, for complete reaction

Calculate the molar ratio Fe,0, Fe 0, in the mixture
(Fe=560:0=169)

(i) Caleulate the maximum mass of iron that can be

2 E extracted from 1.0 kg of the mixture in (ii)
n=_c ] 1
0= : &
1A} Infra-red i (B) Visible i (Cy Ultra-violel
I Nms ' 5.0 marks)
1 SeTies - - B
—
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(b) (i) The prue liquids D.E and F form binary homogeneaus

solutions DE, EF and DF with cach other at lempere
wre T The intermolecular forces between any 1wo mol
ecules of D, E and ¥ are as indicated in the table below,

Molecule | D E F
D d b ¢
E b e a
F ¢ a [
i |

The following information is given -

= d=c=f

»  Dboissligtly smailer than d and e.
= 0 is slightly greater than ¢ and {

s The vapour pressures of the three liquid . D, E and
Fare P, P, and P, respectively, a1 the given
temperature with P, > P, and P> P

Mark P, P, and P_as may be appropriate on each
af the six vertical axes in the diagrams below.

Eu
i
! 3t|n |

male fracoon of E

Total Vapour prespe
Totnl vapour pressure

o 1 0
mole fracoon of 0 mole lmction of F
1. Indicate n the relevant diagrams the likely vanation-

of the total vapour pressure of each of the solution:
DE, EF and DF,

(iii) &x mol of Dandymol of F are mixed to give a solution DF.
The total equilibrium vapour pressure above DF at lem
petature T is P. Intermolecular forces in the vapour phase
can be assumed to be absent.

Using the symbols given above in 2(b) (i} and (ii), but

no other, write down mathematical expressions for the
following.

I. The panial pressure of D in the vapour phase

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

(5.0 marks)

{a) The elements present in an organic compound A and their

mass percentages arc given below.
C H N Cl
mass% 356 6.2 10.8 274

(i) Deduce the empirical formula of A.
(C=12.0,H=1.0,N=14.0,=35.5)

T PR IR TR T T TR

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

(11) A is soluble in water ung the e
solution containing 1.30 :‘:‘lﬁn.
mol dm” NaOH solution “!'M v B
phthalein as the indicator w g

I}clcmlintlhurclalivunmh"mm&" \k-_:. 1
reacts with | mol of Na0)yy A;;u%" r
g, |
) Ty
T
l."";'-', .
(iii) Write the molecular formula of A. 73
(iv) A undergoes the following reaction. T e
aq. NaNO, €, HOH. aq. Naggg '
A 95T 0-5C H

Further, an aqueous solution of A givesa wh%
with AgNO, solution. ) ]

Write the structures of A, Band C inthe relevig ei

C L

(b) Starting from benzene and selecting appropriate ¢
and solvents only from those given below, show |
would synthesize the compound.

CH = CH, :

o
HO CH,

Keagents and solvents
AICL, PCL, Br,, 1,
LialH,, Zn(Hg). Mg, Fe, K CrO,
CH,COCH,, CH,COCI. CH,CHO
dil.H,80,, water, aq.NaO'l

dry ether, ethanol

« Inthe following scheme, each arrow indicates s smghweg
However, consider

(A) Reaction with LiAIH, followed by hy liges

and  (B) Reaction with RMgX followed by hydroli

single reaction

Sadeepa Publisher Q-6
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; & compounds
pe structures of the approprist S
1 e boxes e s / solvent required

1. © rcles the reage
1. I'-__ i

; | i:

il [

_ O
O

i =CH,

(4.9 marks) o ci,

\. B and C are three isomeric hydrocarbons each having
* 7 hyhridized carbon atoms and two sp' hybridized
M on atoms only. A shows stercoisomerism. On
' ination followed by dehydrobromination. A, Band C
o D, E and F respectively. D and E are isomers but F is
aot an isomer of either D or E.

(e the structures of A, B, C, D, E and F in the appropriate

[

Gk

[

D E

F (3.6 marks)

4 ib (11 Reactants and reagents for reactions [-V are given in the

1ahle below. o

Write active species relevant 1o each reaction in column
i of the table. ’

Write the major organic product/products in column S
of the table, for each of the reactions.

Reactant Reagents | Active  |Major product/s
species
' &'G” conc. HNO,
‘ 5 conc.H,S0,
(D - deuterium)
oo CH,CI,
d AICI,
UH,
m é Br,, FeBr,
MCHOOCH,CH.CO00H| NaBH
L b —
v| CH a,
lexcess) sunlight
__'_——-—n___
_-__'_'_—-___

(ii) Consider the scheme of reactions given beluw

dil. 1,50,
C, H, _HESJ..T_}

X

Cio M NaOH

CH,0
'
Give the structures of X, Y and £ in the relevan boxes

| ]

¥ Z

Write the IUPAC name of Z,

(6.4 marks)

PART B - ESSAY

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

5. (a) (i) NH,(g) and O (g) react with cach other forming NO(g)

an.d H,0(g). Write the balanced chemical equation for
this reaction.

(i) Calculate the standard enthalpy change. AHY, for the
reaction you wrote in (i) above using the following data
Standard enthalpy of formation of NH (g).

AH,” (NH,, g) = -46 kJ mol"
Standard enthalpy of formation of NO(g).

AHP (NO, g) = 90 kJ mol”
Standard enthalpy of formation of H,O(g).
AH®(H,0.2) = 242 k) mol"

(iii) Using the data given and the value calculated, briefly
explain which one of the two reactions | and 11 is likelh
10 be more suitable to produce NO(g)

I Reaction between N (g) and O (g)
li. Reaction between N} Lig)and O (g)
14.0 marks

(b) Alg) dissociates reversibly 1o form B (g) and C(g) at tem-
peratures above 350 K.
An evacuated vessel of volume 4.157 dm® was filled with
2.0 mol of A(g). 1.0 mol of B{g) and 1.0 mol of C(g), and
heated to 500 K. When the system attained equilibrium at
this temperature, the vessel contained 1.7 10! of A(g) 1.2
mol of B(g) and 1.6 mol of C(g),

(i) Deduce the balanced chemical equation for the dissocia-
tion of A(g) forming B(g) and C(g).

(i1) Write an expression for the equilibrium constant. K
for the reaction in (i) above.

(iii)Calculate the value of KP at 500 K

(1) If the numeriacal value of K.? of this reactionat 700 K in
Shunits is 5.1 x 10", deduce whether the dissociation of
A(g)is exothermic,

(3.0 marks)

(¢) (i) The following chemical equilibrium exists among X(g)
¥(g) and Z(g) at temperatures above 400 K

X(g)+Y(g) = 2L
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An evacuated vessel of volume 16.628 dm’ contains

3 mol of Xg) and 2 mol of Y(g) This vessel is heated 10
$00) K 1o reach the nbove equilibrium The equilibrium
constant, K= 4 at ts tlemperuiure

| Caleulate the number of moles oERAR). Y(g)and
Zig) wside the vessel

Il Calewlate the total pressure inside the vessel

fiy Adter equilibrium is reached in (i) above, | mol of Z4g)is
added w the vessel maintaining the temperature at 500
. Caleulate the number of moles of X, Y and Z inside
Ihe vessel, when the new equilibrium is reached

1it) After equibhriumis reached in (1) above, suppose, | molof
Y(gyand 1 mob of Z/g) are added 1o the vessel maintaining
the temperature at 500 K. Deduce logically, without cal
culations, to which direction the equilibrium of the
system shills,

(6.0 morks)

(a1 11 The following procedure was used by a student o
determine the solubility product of Ca(OH), at room
lemperalure

Procedure :

2.50 g of pure Ca(OH), was added 1o 250.0 em’ of
distilled water.and shaken well There afer, half of the
solution was filtered. Three 25 00 cm’® portions of the
filtrate were transferted to three titration fasks and
vitrated with a 0.050 mol dm™? HCl solution using
phenolphthalein as the indicator

e following readings were then obtained.

12 50 em’, 12.05 em’, 11.95 cm’

| Calculate the solubility product of Ca{ OH), atrmom
temperature using the above data

it Indicate the colour change at the end point of this
utrntion

Il Name another indicator which can he used for this
titration

'V What is the importance of taking three measureme (E
in the above ttration?

WV Briefly explain how you assure that the solution
used inthis experiment was saturated with Ca(OH},.

V1. Is it possible to determine ihe solubility product of
CaC0O, using the above method? Fxplain your
answerin brel

(5 0 marks)

(1i) A 2.50 g sample of Mg(OH), contaiming 10%% (w/iwi
NaOH was utrated using the procedure given in (al {1
above. Caleulate

| the concentration of Mg® ons in the filirate
Il the expected end point

State the assumptions you used 10 the calculations | and 1l
above, Justify your assumplions using suitable calculations

h' of Mg(OH). at room temperature = 1.2 % 1
mobldm® (H =1, O =16, Na = 23)
{4.0 marks)

(b) 50.00 cm’ of 010 maol dm? NaOH solution was mixed with
25.00 cm’ of a monobasic weak acid solution.

The pH of the mixiure was found to be 11.0, Calculate the
concentration of the weak acid solution.

When 20,00 cm’ of 0.10 mol dm? Nygy b
with 25.00 em” of the above weak ﬂc:: e

the mixture was 4.0. Calculnte the di‘h
the weak acid nfigy \ 0.
_.,.l.
'

Grate assumptions, it any, You used in (e 4N

7 fa) In an experiment to ditermine the Kinetje N -

reaction between acidified KMnO, and oxalic goiy .
{he rengents were mixed n closed contaimnery g
1able below, The experiment was carnicd oyt g
volume of CO, evolved during the first 2 e o8
mixing the reagents was measured at 23°Cang g i\
| atm. Wote that the reactions b contaney %;
conducted ot the same pi value (1.0} and the ? )

container 4 wos conducted at adillerent pH value (g e
measurements obtained are given in the tahle beloy, ™.

Con-
Mo

Lmner [ I

golynon mixed

T

KMnO, H,C,0, pi

o 01 mal dm, 500 an'l 11D

0.01 mol dm: $00cn’

by (i) Detailsof two clectrochemcal cells A and B Dﬂa

A
B

0.0 moldm™. 75 0em’ DU?.|11n1d:r|‘.35'fl-ru'i L ziu?;_
001 moldm®, 50 0cm' | 0.02maldm . 500 em’| 111|194 |

s 3

Dmmd;hn',il.}ﬂcm' 0.0l mol dm, S0 dem’ 13 10,04
]

(i) Write the halanced ionic equation for this reaction I
hetween KMnO, and H,C,0,

fii) Using the data given in the ahove table, derpve /e -
forthe rate of the reaction you wrote infipin :crm;*
concentrations of MnO,, C,0; and H" tons. ¥

iiii) Deduce by what factor the reaction rate wirld |
increased if 50.0 cm’ af 0.02 mol dm” KMnD‘.‘
used in container 4. )

{iv)isit possible 10 use your expression in (1i) abo
predict the changes in reaction rate when the
are carried oul atihypli=2 Oand (1l pH = 1m
reasons for your ANSW LTS )

(0 O

using three standard clectrodes are given below P
are metals, (e m.[ = electromative foree) -

e.m /Y

Electrode | Electrode 2

(Positive) ) ]

H{aqyH (g) Pag)Pis) 1.28 .

P(aq)/P(s) O ag) sy 0.95 by

I, Caleulale the standard clecirode pt}tun‘lﬁm
metal Q.

1L Write the cell reaction of the electrochenticaled

Il Predict qualiatively the expected change ineeflie?
if the P (ag) concentranon in cell B is o <11
2.0 mol dm* '

(ii) Using your know ludge ol the clectrolysis of sal
an electrochemical method 10 oblain a puré

of Mg(OH), starting with wn aqueous solution] P

Write the electrode reaction involved in the méd
have outlined
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sSAY
TC- Eb;ﬁ:mil)n carries 18 marks,)

sach ¢
l Dnl)' {LEL

westt s solutions in each
R ou identify the aqueous *’“:"“ hod/
y o would yi:‘g roups. by using only them
' : follow oot each group.
,:I § L the _Hg“,cmlgumstcachg p
§ paterial? Method / Materials
Coroup

-olution
\,.,53131 .\t\ll.l:l e
‘ wl 1,50, s
w0, solution

By mixing solution pairwise

N0, solution
SHENO, splution
«1.Cl solution
A

By heating with NaOH and/ or
Al powder

pure X contains salts of two metallic l:lcr;:t-ms

xlure £ : is mi

> T:l ests performed with this mixture and the
anly N

» piven below.
| eervations made are given belo
el

o Observations
..t : :
: h:; the mixture in| A coloured solution  was
I -‘I-.{:u.ﬂur. obtained.
-..| gl HCl to an| No precipitate.
It solution of the
| o 1S  thoough| A black precipitate  was
0| . : .
I \] |r0m 11 and thncd.
et ‘-r-"J o l
' cipitate from 1l [ The precipitate  dissolved
Ry e P-!L-L-;F-i.ljmwnh dil. | forming a turbid light-blue
e solution.
HENE : o
. "ﬁlxmm.idcdm-upwisc A ';inltc precipitate was
Nl _
' oo e from T form
;_r . nferences that you can make from each of the tests [ -V,
Sae 10

Vjenify the cations inX. |
e test 1o confirm the identity of the cation revealed in test V.
LI & J

(8.0 marks)

‘) An aqueous solution of an inorganic covalent cnmpnur_zd Y
| relative molar mass < 40) undergoes the following reactions.

Live

|1t decolorizes an acidified KMnO, solution with the
evelution of O, ges

Byt gives a brown precipitate with alkaline KMnO, with
cvolution of O, gas.

(C} It s a colourless acidic solution of NaBr, vellow.
(D1t slowly decomposes at room temperature but the
decomposition can be acceleraied by exposing itto sunlight

') When ol paintings are exposed to polluted air containing
H,S, white PbCO, pigments become black due to formation

of PbS. Y, can be used 1o restore the original white
colour.

(1) Identify Y.
{11) Give the Lewis (dot and cross) structure of Y.
(1) Draw the shape of Y.,

(W)Give balanced chemical equations for the reactions of ¥
in(A) to(E) above,

(v) Name the type of reaction in (D)
(¥1)Give one comnion use of a dilute aqueous solutionol Y,

(vit) Pure Y is a syrupy liquid with the boi ling point around
I50°C. Give a reason for this high boiling point

(7.0 maikns)

9 (@) (1) Wril halanced chemical equ;

Hons o reactions ol

aqueons NaOH with (1) urea and (1) smmonyum sullpha

(i) A ferulizer solution contains ur
and the following procedure

concenlrations

ciiand ammonium sulphune
Was used to determine their

Two, 50.0 ¢y’ portiions of the fertilizer solution werg
boiled separately with 35.0 cm’ of 2.0 mol dm? NuDH
solution (excess) until the evolution of N} ceased
One portion of the solution required 30.0 :lm'of Lo
mol dm? HC1 when titrated using phenolphthalein as
the indicator. The other portion required 50 0 em’ of

1.0 mol dm” HC1 when titrated using methyl orange us
the indicator.

Calculate the concentrations of urea and ammonium
sulphate in the fertilizer solution.

(9.0 marks)
A green salt dissolves in water and the solution turns
purple with time, when dil. HCI is added, this solution
turns green forming a unipositive complex ion. ldentify

the complex ions responsible for (i) the purple colour
and (ii) the green colour in solution.

(b) (i)

(i1) Consider the ‘hydroxides' . XOH of the elements X =
Na, K. Cland Br. Explain the variation of acidic/ basic

character of these compounds on the basis of electrone
gativity.
Element H O Na K C Br

Electronegauvity 2.1 35 09 08 30 28
(6.0 marks)

10. () N, is reduced to NH, in the Haoer process. This is carried

out at a temperature of about 550°C and under a pressure
of 250 atm,

(1) Give one reason as 10 why the reduction of N
difficull.

(i1) For the reaction,
3H, () + N, () === 2NH, (g) AH" = -92.0 k)
the yield of NH, at various temperatures is given below

Ag) is

Temperature/C Yield of NH, at 250 atm
200 88%
550 15%
1000 negligible

Briefly explain why a temperature of 550°C is chosen
when the yield is only 15%.

{ili)Name the catalyst used in Haber process,

(iv)Why the catalyst is used in a finely divided state?
Explain your answer.

(v) Giveabalanced chemical reaction {along with
conditions) to convert NH (g) to N (g)

(vi)Give two industrial uses of N H,

7.5 marks)

(b) (i} Selecting compounds only from those given below, write
one chemical equation in each case to illustrate ine
formation of a thermoplastic polymer by (1) Addition
polymerization (II) condensation polymerization (type

AIL"Chemistry - past Paper' 2007 - August
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of polymerization must be stated clearl

reaction.)

Indicate the repeat units clearly.

CICO(CH,),COCL,

HCHO,

CH,= CH-Cl,

y with cach

¢ H,0H. NH,(CH)NH,,

CH,= CH-CH,

i} Using your knowledge on the structure of natural
rubber. draw the structure of the more elastic polymer
formed by the polymerization of butadiene,

[

CH,= CH-CH = CH,

Indicate the repeat unit clearly,
fiii1State one common problem associated with using

powdered (1) dolomite and (11) apatite, in their natural

form as fertilizers.
Outline two methods by which apatite can be converted

1 a useful fertilizer.

(7.5 marks)
] 2
0 He
3 | 4 The Periodic Table s e |7 |8 |9 |10
Lil| Be B |C [N [O |F [Ne
TREL 13 14 15 |16 17 18
Na | Mg Al | S | P S [CI | Ar
19 | 20 | 21 22 |23 (24 |25 |26 |27 |28 |29 | 30 |3 32 |33 |34 L if:
. 2. RS
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