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Universal gas constant R = 8.314 J K-l mol-l
Avogadro constant NF 6.022 x 103 mol-l
Planck's constant h = 6.626 x lOjaJs
Velocityof light c =3 x108ms-l

l. Consider the following statements, I and II.
I. The energy absorbed or released by atoms is quantized.
II. Small particles under appropriate conditions show wave properties.

The two scientists who proposed the theories as given by statements I and II respectively are,
(1) Louis de Broglie and Albert Einstein
(2) Max Planck and Louis de Broglie
(3) Max Planck and Ernest Rutherford
(4) Niels Bohr and Louis de Broglie
(5) Louis de Broglie and Max Planck

2. The maximum number of electron pairs of an atom that are associated with principal quantum
numberz=3is.
(1) 3 (2) 4 (3) s (4) s (s) e

3. The number of stable resonance structures that can be drawn for the oxalate ionlCrO?^- f(OrC-CO, )t-l
is, L- I

(1) 2 (2) 3 (3) 4 (4) s (s) 6

4. What is the IUPAC name of the following compound?

3
HOCH2CH2CH2CCH2NH2

(1) 5-hydroxy-2-oxo-1-pentanamine (2) 1-amino-5-hydroxy-2-oxopentane
(3) 1-amino-5-hydroxy-2-pentanone (4) 5-hydroxy-1-amino-2-pentanone
(5) 5-amino-4-oxo-1-pentanol

5. Identify the pair of elements which has the largest difference in electronegativities.
(1) B and Al (2) Be and Al (3) B and Si (4) B and C (5) Al and C

Instructions:
* Periodic Table is provided.
':f+ This paper consists oJ 09 pages.

)k Awwer all the questions.
* Use of calculators is not allowed.
* Write your Index Number in the space provided in the answer sheet.
* Follow the instructiow given on the back of the awwer shzet carefully.
* In each of the questions I to 50, pick one of thz alternatives lrom (l), (2), (3), (4), (5) which is correct

or most appropriatc and ,nark lour response on the answer sheet with a cross (x) in accordance
with the instructions given on the back of the answer sheet.

lSee page two
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6. The electron pair geometry and shape around the two nitrogen atoms (labelled as Nl and N2) in the H"NNO

Y
molecule (skeleton: U-t\l-N'-O) respectively are,

yt 112

(1) tetrahedral pyramidal trigonal planar angular

(2) pyramidal trigonal planar trigonal planar angular

(3) trigonal planar pyramidal trigonal planar trigonal planar

(4) tetrahedral pyramidal angular trigonal planar

(5) tetrahedral angular trigonal planar trigonal planar

7. Which of the following statements is incorrect regarding benzene?
(1) The resonance hybrid of benzene is depicted as follows:

O=O
(2) All six carbon atoms of benzene are sp2 hybridized.
(3) The bond lengths between any two carbon atoms of benzene have the same value.
(4) All the C-C-C and the C-C-H bond angles of benzene have the same value.
(5) All the hydrogen atoms of benzene lie in the same plane.

8. TiCl4G) reacts with liquid magnesium metal (Mg(f) to give Ti(s) metal and MgClr(I) at high
temperature. When 0.95 kg of TiClo(g) is made to react with 97.2 g of Mg(l), the reactant that is
completely consumed (this is commonly referred to as limiting reactant) and the amount of Ti(s)
metal formed respectively are, (Molar mass: TiClo=190gmol-r; Mg=24.3gmol-l; Ti=48gmol-l)
(1) TiClo and 96 g (2) Me and 96 g (3) Mg and 48 g
(4) TiCl, and 192 g (5) Mg and 192 g

g. The ideal gas equation can be expressed in the form, P = p+ where P is the density of the gas, M
M

is the molar mass (g mol-I) of the gas, P is the pressure (Pa) and Z is the temperature (K). If the
units of R are J mol-l K-1, units of P in this equation should be,
(1) kg --' (2) e ma (3) g cm-3
(4) g dmr (5) kg cm-3

10. The decreasing order of conductivity of the following aqueous solutions including HrO is,
0.0lMKCI, 0.1MKCI, 0.1MHAC; (FIAC = acetic acid; M = mol dmr)

(1) HrO > 0.1 M HAC > 0.1 M KCI > 0.01 M KCI
(2) 0.01 M KCI > 0.1 M HAC > 0.1 M KCI t HrO
(3) 0.01 M KCI > 0.1 M KCI > 0.1 M HAC > H2O

(4) 0.1 M KCI > 0.01 M KCI > 0.1 M FIAC > H2O

(5) 0.1 M HAC > H,O > 0.01 M KCI > 0.1 M KCI

11. The correct answer when the chemical species SO2, SO3, SO3-, SOf- and SCl, are arranged in
the increasing order of the electronegativity of sulphur (S) atom is,
(1) SCl2 . SOr'- . SO, . SO, . SO?-

(2) SO, . SOl- = SO, . So3- < SCl2

(3) So3- . So?- < Scl2 . So, . So,

(4) SCl2 . So3- . So?- . So, . So,

(5) scl2 . sol- . so3- . So, . So,

fSee page three



3890
J

12. Which of the following answers gives the maximum hydroxide concentration that can exist
a I.775 mol dm-3 aqueous solution of MgCl, at 25"C? At this temperature, solubility product
Mg(OH)" is 7.1 x 10-12 mol3 dm-e.

ln
of

(1) 4.0x 10{ mol dmr
(4) Jl Llo{ mol dmr

(2) 2.0x 10{ mol dmr
(5) 1.0x 10{ mol dm-3

(3) I.775x10-12 mol dmr

13. What is the major product of the following reaction?

co2H
.A excess aq.NaoH

-

Ho.,,,.%cH,oH

14. Identify the correct statement from the following.
(1) The bond angle of NF, is larger than the bond angle of NHr.
(2) Elements in group 17 (or 7A) exhibit oxidation states from -I to +7.
(3) Monoclinic sulphur is the most stable allotrope of sulphur at room temperature.
(4) The density of graphite is higher than the density of diamond.
(5) Aluminium chloride satisfies the octet rule in the gaseous state.

15. The standard electromotive force of the electrochemical cell tvtnlsllun2.taqlllnr-1aa)lnrrtellnlsl
is 2.27 V. The standard reduction potential of nrr(e)lnr-(aq) is 1.09 V. The standard reduction

potential s1 Mn2*(aq)ltvtnls; 1r,

(1) -3.36 V (2) -1.18 V (3) 0.5e v (4) 1.18 v (5) 3.36 V

16. The enthalpy change of vaporization and the entropy change of vaporization of a liquid are,
45.00 kJ mol-l and 90.0 J K-r mol-l respectively. The boiling point of the liquid is,
(1) 45.0'C (2) 62.7 .C (3) 100.0.C (4) 135.0.C (5) 227.0 "C

17. What is the incorrect statement about CuHrti:NCl- ?

(1) C6H'N:NCI- can be obtained by reacting aniline with HNO, (NaNOrTHCl) at 0 - 5 "C.

(2) CuHrli=NCl- reacts with KI to give iodobenzene.

(3) The CuHrN:N ion can act as an electrophile.

(4) When an aqueous solution of CuHrN:NCl- is heated, it decomposes to give benzene.
+

(5) CuHrN:NCl- reacts with phenols in a basic medium to give coloured compounds.

18. HrS(q) reacts with Or(S) to give gnly water vapour (HrO(g)) and SOr(g), as products. When
4-dm3 of HrS(g) react3 with 10 dm3 of Or(S) at a constani pressure ana iSO "C, the final volume
of the mixture is.

(1) 6 dm3 (2) 8 dm3 (3) 10 dm3 (4) 12 dnf (5) 14 &n3

fSee page four
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19. A mixture of A(g) and D(g) was introduced in to a rigid evacuated container at the temperature 7.

At this temperature, both A(g) and D(g) decompose according to the elementary reactions given below.

2A(g - B(g) + 3C(g); rate constant ft,

D(g) -B(s)+zC(g)
initial pressure of the container P, changed to 2.7 P after the complete decomposition of
reactants. The initial rate of decomposition of A(g) at this temperature is, (R is the universal

constant)

,r\(#) (3) o oefti (#F
(4) 2usq (#f

20. An organic compound (X) decolourizes bromine water (BrrlHrO). X does not give a precipitate with

ammoniacal CuCl. When X is treated with an acidic I!Cr"O" solution, a green coloured solution is
obtained. X could be:

(1) cH, cH2c=c-H (3) CH3 CH,CH:CHCH,

CH^t'
(4) HOCH2CHC=C-H

OH

I

CH

The
both
gas

(1) (2) ,'r\(#)

(s) 7 2sr7ffir

OH

I

CH (2)

(s)

22.

?3.

21. A buffer solution of pH 5.0 was prepared by mixing equal volumes of a 0.10 mol dm-'monobasic
weak acid solution and a 0.10 mol dmr solution of the sodium salt of this acid. The pH of the resultant

solution. when 20.00 cm3 of this buffer solution was mixed with 90.00 cm3 of 0.10 mol dm-3 weak
acid solution, is,

(l) 3.0 (2) 4.o (3) 4.s (4) s.s (s) 6.0

Consider the following three aqueous solutions.
P-aweakacid.
Q - an equimolar mixture of the weak acid and its sodium salt,
R - titration mixture at the equivalence point of the titration of the weak acid and a strong base

When each solution is diluted by the same amount at constant temperature, the pH of P, Q and

R respectively, will
(1) decrease, increase, not change. (2) increase, not change, decrease.
(3) increase, not change, not change. (4) increase, not change, increase.
(5) increase, increase, increase.

The incorrect statement with regard to the oxoacids of chlorine HOCI, HCIO2, HCIO3 and HCIO. is,

(1) The shapes around chlorine in HCIO, HCIO3 and HCIO. respectively are angular, pyramidal

and tetrahedral.
(2) The oxidation states of chlorine in HOCI, HCIO2, HCIO3 and HCIO. respectively are +1,

+3, +5 and +7.
(3) The acid strength of the oxoacids varies as HOCI < HCIO2 < HCIO3 < HCIO4.
(4) All these oxoacids contain at least one double bond.
(5) All these oxoacids contain at least one OH group.

(4) 1000 (5) 1o,0oo

24. The density of an aqueous acidic solution at 25 "C is 1.0 kg dm-3. If the pH of this solution is

1.0, its H- concentration in ppm would be,

(1) 0.1 (2) 1 (3) 1oo

fSee page five
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25. 425.0 g sample of polluted air containing ozone (Or) is treated with an acidic solution containing
excess KI. Ozone is converted to O, and HrO during this reaction. The iodine liberated is titrated
with 0.002 mol dmr NarSrO, sohition. V5lume of NqSrO, required was 25.0 cm3. The mass
percent of O, in the air sample is, (O = 16)

(1) 4.8 x 10-3 (2) 6.4xIO3 (3) 9.6 x 10-3 (4) 1.0x 10-2 (5) 3.2xl|a
2l;. Which of the following reaction steps is not present in the Born-Haber cycle of NaCl(s) formation?

(1) Na+(aq) + Cl-(aq) + NaCl(aq) (2) Na(s) + Na(g) (3) Cl,(g) ------+ ZCr(g)
(4) Cl(g) + e 

-+ 
cl-(g) (5) Na+(g) + cllg) + NaCl(s)

27. Activation energy of the elementary reaction A(g) + B(g) -+ C(g) is Ea. Tlns reaction is
catalysed by the metal M. The energy diagram of the catalysed reaction is given below.

Energy

Which of the following is always correct with regard to this reaction?
(1) Ea < E, (2) Ea = Et + E, + E3- LHr (3) Ea. E' Ea < Erand Ea < E,
(4) Ea > E, + E, (5) Ea > L,H, + E,

28. For a weak acid, it can be given that F =
Amount of the acid dissociated

Amount of the acid undissociated
Which of the following graphs shows the relationship between l,og F and pH?

LogF Log

(2)

29. Which of the following statements with regard to polymers is correct?
(1) Nylon is an addition polymer.
(2) Teflon is a condensation polymer.
(3) Bakelite is a linear polymer.
(4) The number of carbon atoms in the repeating unit of natural rubber is 4.
(5) Small covalent molecules are eliminated when monomers combine to form condensation polymers.

Two ideal gases that do not react with each other aJe separated by a valve and kept in a

rigid container. This system is maintained at constant temperature and pressure. Which of the
following correctly describes the change in Gibbs energy, enthalpy and entropy of the system
respectively when the valve is opened?
(1) decreased, decreased, decreased (2) decreased, decreased, increased
(3) decreased, unchanged, increased (4) decreased, increased, increased
(5) increased, increased, increased

30.

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

(1) if only (a) and (D) are correct.
(2) if only (b) and (c) are correct.
(3) if only (c) and (A are correct.
(4) if only (A arrd (a) are conect.
(5) if any other number or combination of responses is correct.

Summarv of above Instructions

(l) (2) (3) (4) (s)

)nly (a) and (b)
are correct

Only (b) and (c)

are correct
Only (c) and (d)

are corTect

Only (a) and (a)
are correct

{ny other number or
combination of

responses is correct

31. Which of the following statement/statements is/are correct with regard to simple covalent molecules

containing oxygen and sulphur atoms?
(a) HrO shows amphoteric properties.
(b) The boiling point of HrO, is higher than the boiling point of HrO.
(c) HrO, can act as an oxidizing agent only in an acidic medium.

@ Both HrS and SO, have the capacity to act only as reducing agents.

32. Which of the following statement/statements is/are correct with regard to hydrocarbons?
(a) All hydrocarbons give CO, and HrO when completely reacted with excess Or.
(b) All alkynes react with Grignard reagents to give alkynylmagnesium halides.
(c) The boiling point of a branched alkane is higher than the boiling point of an unbranched

alkane with the same relative molecular mass.

@ None of the hydrocarbons react with aqueous NaOH.

33. [f an endothermic reaction occurs spontaneously at constant temperature and pressure, then,
(a) enthalpy of the system decreases. (b) entropy of the system increases.
(c) enthalpy of the system increases. (d) entropy of the system does not change.

34. Which of the following statement/statements is/are correct regarding the precipitation of metal ions

by passing HzS(g) in to their aqueous solutions?
(a) When the pressure of HrS(g) is decreased, the sulphide ion concentration is increased.
(b) When the temperature is increased, the sulphide ion concentration is decreased.
(c) Addition of NarS(s) to the solution, decreases the dissociation of dissolved HrS(aq).

@ lncrease in pH of the solution decreases sulphide ion concentration.

35. Which of the following is/are nucleophilic substitution reactior/reactions?

OQHllr(a) CH3C-H + HCN ----'--'------' CH3CHCN

(b) CH3CH2OH + PCl, CH3CH2CI

(c) CH3fHCl + NaoH ---------------- CH3CHOH

CH, CH3

CI

@ CHTCHCH, + Cl, h' 
' cHr{cn,

crl cH3

lSee page seven
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36. Which of the following statement/statements is/are correct regarding the elevation of carbon dioxide
level in the atmosphere?
(a) It contributes to the increase in acidity of sea water.
(b) It reduces the hardness of water bodies.
(c) It strongly absorbs UV radiation coming from the sun.

@ It does not contribute to acid rain.

37. Which of the following statement/statements is/are correct with regard to 3d-block elements?
(a) Zn has the highest first ionization energy among the 3d-block elements.
(b) In contrast to the ions of most main group elements (s and p-block), 3d-block metal ions rarely

attain the noble gas configuration.
(c) Although the electronegativities of 3d-block elements are higher than the electronegativities

of the corresponding s-block elements, their atomic radii are smaller than the atomic radii of
the corresponding s-block elements.

@ The 3d-block elements that form colourless compounds are Ti and Zn.

38. Volatile liquids A and B having saturated vapour pressures Pi and P" (f;-f;)form an ideal

solution. A mixture of the liquids A and B is in equilibrium with their vapour phase, in a closed
container. When the volume of the container is increased and the equilibrium is re-established at

the same temperature, which of the following statement/statements is/are correct?
(a) While some amount of A and B go to the gas phase, the composition of the liquid phase remains

unchanged.
(b) While some amount of A and B go to the gas phase, the composition of the gas phase remains

unchanged.
(c) While some amount of A and B go to the gas phase, the composition of the liquid phase

changes.

@ While some amount of A and B go to the gas phase, the composition of the gas phase

changes.

39. Which of the following statemenVstatements is/are correct regarding an aqueous solution of a weak
acid?
(a) Conductivity of the solution increases as the concentration of the weak acid decreases.
(b) Conductivity of the solution increases as the temperature increases.
(c) Conductivity of the solution decreases but the fraction dissociated of the weak acid increases

as more water is added to the solution.

@ When NaCl(s) is dissolved in the weak acid solution, conductivity decreases.

40. Which of the following statement/statements regarding compound A is/are correct?

(a) A exhibits geometric isomerism.
(b) A does not exhibit optical isomerism.
(c) The product obtained when A is reacted with pyridinium chlorochromate (PCC) exhibits

optical isomerism.

@ The product obtained when A is reacted with pyridinium chlorochromate does not exhibit
geometric isomerism.

fSee page eight
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O 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.

Response First Statement Second Statement

(1)
(2)
(3)
(4)
(s)

True
True
True
False
False

True. and correctly explains the first statement
True, but does not exflain the first statement conectly
False
True
False

41.

First Statement Second statement

Among the halogens, I, is a solid whereas
Br" is a liquid.

l-ondon forces become stronger with increase
in molecular surface area.

At a given pressure, the spontaneity of the

reaction between N, and H, to give NH, drops
with increasing temperature.

Entropy change of the reaction between N"
and H, to give NFI is negative.

Essential oils are generally extracted from plant
materials bv steam distillation.

Essential oils have a high solubility in water.

A spontaneous reaction always has a negative
Gibbs energy change no matter what the
conditions are.

Gibbs energy change can be used to predict
the direction of a reaction only under constant
temperature and constant pressure conditions.

Solubility of l-butanol in water is less than
the solubilitv of methanol in water.

The solubility of alcohols in water decreases as

the size of the non-polar alkyl group increases
relative to the polar OH group.

The reaction,

IJEIr
Cq - CH: CHr---::=:----- CH3 - CH - CH3

Br
is a nucleophilic addition reaction.

A secondary carbocation is formed as a reaction
intermediate in the following reaction.

HRrCH3-CH:CHz+ CH,-9H-CH3
Br

Coke is used in several industrial processes. Coke is onlv used industriallv as a fuel.

The carbonyl carbon atom of a ketone and the

other atoms bonded to it lie in the same plane.
The carbonyl carbon atom of a ketone is sp2

hvbridized.

Any two ideal gases have the same average

kinetic energies at the same temperature.
At a given temperature, the average speed of
gas molecules adjust according to their masses.

Although CFC contribute to ozone layer
depletion, the contribution from HFC is
negligible.

HFC undergoes complete decomposition before
reaching the upper atmosphere.

42.

43.

44.

45.

46.

47.

48.

49.

50.

fSee page nine
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The Periodic Table

1

z

5

4

5

6

7

1
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2
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J

Li
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Be

5

B

6

C

7
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8
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9
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10

Ne
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t6
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18

Ar
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K
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22

Ti
23

V

24

Cr
25

Mn
26

Fe
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Co

28

Ni
29

Cu

30

Zn
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Ga

32

Ge
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As
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Se

35

Br
36

Kr
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Rb

38

Sr

39

Y
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Zr
4I
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Mo
43

Tc

44

Ru

45

Rh

46

Pd

47
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48

Cd

49

In
50

Sn

51

Sb

52

Te

53

I
54

Xe

55
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56

Ba

La-
Lu

12

Hf
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14
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75
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76

Os

77

Ir
l8
Pt

l9
Au

80

He

81

TI
82

Pb

83

Bi
84

Po

85

At
86

Rn

87

Fr
88

Ra
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Lr
r04
Rf

105

Db

106

Ss
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Bh
108

Hs

109

Mt
110

Ds

111
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I12
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II4
FI

115
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118

Os

57

La
58

Ce

59

Pr
60

Nd

61

Pm

62

Sm

63

Eu
64

Gd

65

Tb
66

Dy

67

Ho

68

Er
69

Tm
70

Yb
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Lu

89

Ac

90

Th
91

Pa

92

U

93

Np

94

Pu

95

Am

96

Cm

97

BK

98

Cf
99

Es

100

Fm

101

Md
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PART A _ STRUCTURED ESSAY IDONOT

Answer allfour questions on this paper itself. (Each question carries lN marlu.) ___];H.
l- (a) The following questions are related to the elements of the second row in the Periodic Table. lcolumn.

Write the symhl of the element in the space provided in answering parts (i) to (vi).

(i) Identify the element that has the highest electronegativity (disregard

the noble gas).

(ii) Identify the element that has an allotrope which conducts electricity.

(iii) Identify the element that forms the monoatomic ion largest in size

(this should be a stable ion).

(iv) Identify the element that has no p electrons but has a stable

s configuration.

(v) Identify the element that has the highest first ionization energy.

(vi) Identify the element that forms mostly electron deficient trigonal
planar covalent compounds.

(b) (i) Draw the most acceptable kwis dot-dash structure for the molecule SO3F2.

Its skeleton is given below.
o

o-s-o-F
I

F

(ii) The most stable kwis dot-dash structure for the molecule H3N3O is shown below.

Draw two more Lewis dot-dash structures (resonance structures) for this molecule.

Write 'unstable' under the more unstable structure drawn by you.

H-6-N:N-X-n
I

H

(iii) Based on the kwis dot-dash structure given below, state the following regarding the

C, N and O atoms given in the table.
I. VSEPR pairs around the atom II. electron pair geometry around the atom

III. shape around the atom IV. hybridization of the atom

,6? 
The atoms are numbered as follows.

,ii-o-il1:g:d-cr: F-o1-N2-cs-i{o-ct
@

6t 512 Ca 51+

VSEPR pairs

electron pair geometry

shape

hvbridization

(Ana*s)

I.

il.
u.
IV.

lsee page
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Do not
2.(a) X is an s-block element in the Periodic Table. The first, second and third ionization energies lwrite

of X, in kJ mol-r arc 738, 1451 and '7733 respectively. X reacts slowly with hot water, linthis
liberating Hr(S) and forming its hydroxide. The hydroxide is basic. X also liberates H2(g) 

lcortxnn'
on reaction with dilute acids. X burns in air with a bright white light. The cation of X
contributes to hardness of water.

(i) Identify X. x
(ii) Write the ground state electronic configuration of X.

(iii) Write the chemical formulae of the two compounds formed when X burns in air.

and

(iv) Consider the given compounds of the elements in the group in the Periodic Table to
which X belongs. In the given boxes, write whether the indicated property increases
or decreases down the group.

I. Solubility of sulphates in water

II. Solubility of hydroxides in water

III. Thermal stability of metal carbonates

Give reasons for vour answer in IIL

(v) Identify the element in the s-block of the Periodic Table, which reacts in a similar manner

to x with H2(g), Or(e) and N2(g), but does not belong to the same group as X-

(vi) Identify another metal ion that contributes to hardness of water.

(vii) Identify the compound most commonly used to remove hardness of water.

(viii) X is a component of a well-known reagent used in organic chemistry. Give the name

of this reagent.

(s0

page
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(D) Test tubes labelled A to E contain aqueous solutions of NqSrO' NarCO' KNO2, KB.l3:ff'
and NarS (not in order). The characteristics of the solutions obtained and"gases eiolvedlintltt
on addition of dil.HCl (warming if required) to each of the test-tubes A to E are givenl""l*.
in the table below I

Test-tube Appearance of solution Gas

A colourless colourless and odourless

B colourless reddish-brown with a pungent odour

C colourless colourless with a rotten egg odour
D turbid colourless with a pungent odour
E colourless not evolved

(i) Identify the solutions in each of the test-tubes A to E.
A:
B:

C: E

D:
(ii) Write balanced chemical equations for the reactions that take place in test-tubes A, B,

C and D.

InA
InB
InC
InD

(iii) write a chemical test to identify each of the gases evolved in A, C and D.
Note: Observations are also required.

InA:

InC:

InD:
100

(50 marks)

3. The set up shown in the figure was used to calculate the heat
change associated with the dissolution of MX(s) in water.
100.00 cm3 of distilled water was added to the cup. The initial
temperature of distilled water was measured to be 25.O"C.
Then 0.10 mol of MX(s) was added to the water and stined
continuously. It was observed that the temperature of the solution
decreased gradually. The lowest temperature measured was 17.0.C.
The amount of water used was sufficient to completely dissolve
MX(s). Density and specific heat capacity of water are 1.00 gcm-3
and 4.2OJ g-1og-l respectively. Assume that the density and the
specific heat capacity of water are not changed due to the dissolution of MX(s).

(i) Calculate the amount of heat that should be supplied to bring the system (solution) back
to 25.0 'C.

fsee page six
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I Do not
(c) Compounds A and B both have the same molecular formula C5H10O. Both A and B givelwrite

orange/red precipitates with 2#dintrophenylhydrazine. When A and B are reacted separatelylinthis
with NaBHo in methanol, compound A gives C and compound B giv:s D. When C islcolumn'

heated with AlrO' two alkenes E (CrH,6) and F (C5Ht0) are formed. When E and F are

reacted separately with conc. H2SO4 and the products obtained are hydrolysed, compound
E gives G, while compound F gives H. G gives a turbidity immediately with the Lucas

reagent. H also gives a turbidity with the Lucas reagent but not immediately.

(i) Draw the structures of G and H.

(ii) Draw the structures of A, C, E and F.

When heated with AlrOr, D gives alkene I (C5Hrd. When
and the product obtained hydrolysed, G is obtained.

(iii) Draw the structures of B, D and I.

I is reacted with conc. HrSO

I

(iv) Describe a test/reaction to distinguish between A and B.

(5O mailrs)

lsee page eight
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(b) (i) Give the structures of J, K, L and M in the following reaction sequences.
Do not
write
in this
column.CIIC:CMgBr H-/H"oT -'K H2lPd

L
BaSOo/Quinoline

(Reaction I) (Reaction II)

conc. H^SO,CHr-9:614- z -:+ M
CH,

(Reaction III)

(ii) Selecting from the list given below, write the Epe of reaction taking place in
I. II and IIL

Nucleophilic Addition, Nucleophilic Substitution,

ElectrophilicAddition, Electrophilic Substitution, Elimination

Reaction I:

Reaction II:

Reaction III:

(iii) Using your knowledge of the mechanism of the reaction between alkenes and HBr, gi

the mechanism of reaction III.

(5O marks) 100

;ie 
'i(,

lsee page nine
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PART B _ ESSAY

Answer two questions only. (Each question carries I50 marlcs.)

5- (a) A titration between the mono acidic weak base B (0.15 mol dmr) and HCI (0.10 mol dm-3) was
carried out using a suitable indicator as described below.
The HCI solution (25.ffi cm3; was kept in the titration flask and the weak base B was added using
a burette. The dissociation constant, Ko of the weak base at 25'C is 1.00 x 10-5 mol dmr. All
the experiments were conducted at 25 .C.

(i) Calculate the pH of the acid solution in the titration flask, before the addition of the base, B.
(ii) Calculate the pH of the solution in the titration flask, after the addition of 10.00 cm3 of the

solution of B. Can the solution in the titration flask act as a buffer solution? Explain your answer.
(iii) Calculate the volume of the weak base solution required to reach the equivalence point.
(iv) Another 10.00 cm3 volume of the weak base was added to the titration flask after reaching

the equivalence point. Calculate the pH of the solution in the titration flask.
(v) Can the solution obtained in (iv) above act as a buffer solution? Explain your answer.

(vi) Sketch the variation in pH of the mixture in the titration flask with the volume of the
weak base solution added (titration curve). l,abel the axes, indicate pH on the y-axis
and the volume of weak base solution added on the x-axis. Mark the equivalence point
approximately. [calculation of pH at equivalence point is not expected.] (75 mtrl<s)

(D) The following two experiments were carried out at a constant temperature using the volatile liquids
C and D which form an ideal solution.
Experiment I: The liquids C and D were introduced in to an evacuated rigid container and

allowed to reach equilibrium. When the system was at equilibrium, it was
observed that the mole fractions of C and D in the liquid phase (I.) were
0.3 and 0.7 respectively. Total pressure in the container was 2!10 x td pa.

Bxperiment II: This experiment was conducted using different amounts of C and D. When
the equilibrium was established, it was observed that the mole fractions of C
and D in the liquid phase (Ir,) were 0.6 and 0.4 respectively. Total pressure
of the container was 2.4O x 104 Pa.

(i) Give the relationship between the partial pressure of C in the vapour phase (Pg), its saturated

vapour pressure (f;) -A its mole fraction in the liquid phase (X6) in the form of an equation.

This equation states a commonly used law in physical chemistry. Write the name of the law.
(ii) Calculate the saturated vapour pressures of C and D.
(iii) Calculate the mole fractions of C and D in the vapour phase (V1 of experiment I.
(iv) Calculate the mole fractions of C and D in the vapour phase (Vr,) of experiment I[.
(v) Show the compositions of liquid and vapour phases (L' I-n,V, and Vrr) and relevant pressures

in the above two experiments on a pressure-composition phase diagram drawn at constant
5 marks

fsee page ten
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6. (a) An organic solvent (org-1) and water(aq) are immiscible and form a biphasic system. Partition

coefficient for the distribution of X between org-l and water at temperature T is, Ko = -lF- = O.O
,nJag

An amount of 0.50 mol of X was added to a system containing 100.00 cm3 of org-l and

100.00 cm3 of water. Thg system was allowed to reach equilibrium at temperature T.

(i) Calculate the concentration of X in org-1.

(ii) Calculate the concentration of X in water.
(20 marlu)

(b) The compound Y is soluble only in the aqueous phase. In the aqueous phase, X and Y react

to form Z. The presence of Y and Z does not affect the distribution of X between org-1 and

water.

A series of biphasic systems containing org-1 and water were prepared. Then different amounts

of X were distributed in the biphasic systems and the systems were allowed to reach equilibrium.
The initial rate of the reaction between X and Y in the aqueous phase was measured after adding

Y into the aqueous phase of these biphasic systems. Results of these experiments conducted at

temperature T are given in the table.

Experiment
Number

Volume of
water (cm3)

Volume of
org-1. (cm3)

Total amount
ofX added

(mol)

Total amount
ofY added

(mol)

Initial rate of
the reaction

(mol dmr sl)

1 100.00 100.00 0.05 o.o2 2.00 x 10{

2 100.00 100.00 0.10 0.04 1.60 x 10-s

3 50.00 50.00 o.25 o.o2 4.00 x 104

Orders of the reaction with respect to X and Y are m and n respectively. The rate constant of
the reaction at temperature T is k.

(i) Given that the concentrations of X and Y in the aqueous phase il's [XJ* and [Y]uo respectively,

write the rate expression for the reaction in terms o1 [X1"e, fY-]*, m, h and' k.

(ii) Calculate the initial concentration of X in the aqueous phase in each experiment.

(iii) Calculate the initial concentration of Y in the aqueous phase in each experiment.

(iv) Calculate the orders m and n of the reaction with respect to X and Y respectively.

(v) Calculate the rate constant of the reaction.

(vi) An experiment is designed to study the effect of temperature on the reaction rate using

the partition coefficient given above.

Is this a suitable experiment to study the effect of temperature on the rate of the reaction?

Explain your answer. 
(lo5 marks)

(c) The organic solvent org-2 and water are also immiscible and form a biphasic system. X (0.20 mol)

was added to a system containing 100.00 cm3 of org-2 and 100.00 cm3 of water and allowed to

reach equilibrium at the temperature T. Then Y (0.01 mol) was added to the aqueous phase and

the initial rate of the reaction was measured. Y does not dissolve in org-2. The initial rate of the

reaction between X and Y in the aqueous phase was found to be 6.4Ox10J moldm-3 s-1.

lxt
Calculate the partition coefficien, 

ff 
for the distribution of X between org-2 and water.

Elore-z is the concentration of X in the org-2 phase.

(25 marks)

lsee page eleven
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7. (a) The setup shown in the figure was used to find
the relative atomic mass of the metal, M.
The electrolysis was carried out for 10 minutes
using a constant current. The mass of the cathode
in cell A was increased by 31.75 mg whereas
the mass of the cathode in cell B increased by
147.60mgduring this time perid.(Assume that
the electrolysis of water does not take place in
cells A and B.)
(i) Identify the anode and cathode in each of the cells A and B (in terms of the numbers

O, @, @, and @).

(ii) write the half reaction taking place at each electrode in each cell.
(iii) Calculate the constant current used in electrolysis.

(iv) Calculate the relative atornic mass of metal. M.
(75 mulrs)

(b) (i) A, B and C are coordination compounds. They have an octahedral geometry. In each
compound, two types of ligands are coordinated to the metal ion. The molecular formulae
of the compounds are (not in order): Nicl2H12N4, NiI2H16N4o, and Nicl2HlsN3o3.
Given below are the observations when aqueous solutions of the compounds are treated
with Pb(CHTCOO)r(aq).

Compound Pb(CH3COO)z(aq)

A A white precipitate that is soluble in hot water

B No precipitate

C A yellow precipitate that is soluble in hot water

I. Give the structures of A, B and C.
II. Write the chemical formulae of the precipitates formed on treatment of the compounds

with Pb(CHTCOO)r(aq).
(Note: Indicate compound and reagent)

III. State a chemical test, together with the observation, to identify each of the anion/s if
present, that is/are not coordinated to the metal ion in the compounds given above.
(Note: The tests given by you should not be a test stated here.)

(ii) A transition metal M forms a coloured complex ion P in aqueous medium. It has the
general formula [M(H2o),]m+. It undergoes the reactions given below.

aq.N%,zPfconc. HCI
t/\

(green coloured pr""i$it"t"l lytrro* coloured solution)

excess NFL I,v
s

(deep blue coloured solution)

I. Identify the metal M. Give the oxidation state of M in complex ion p.

IL Give the electronic configuration of M in the complex ion p.

III. Give the values of n and m.

IV. Give the geometry of P.

V. Give the structures of Q, R and S.

vI. Give the IUPAC nzrmes of the complex ions, p, R and s. (7s marks)

aq. CuSOo aq. t[(SOo),

fsee page twelve
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Answer two questions only. (Each question carries l5O marlcs.)

8. (a) Using C6H5CO2CH3 as the only organic starting material and as reagents only those given in the
list, show how you would synthesize the following compound in not more than seven (7) steps.

List of reagents

PCL, Mgf dry ether, H*fHro, LiAlH4, conc.Hrsoo

(60 marks)

(D) Show how you would carry out each of the following conversions in not more than three (3) steps.

CuHrC:CHCuH,
I

cH2c6Hs

(c) The following reaction gives two products.

(60 marles\

cH3cH2CH2B
c2H5o--

(i) Write the structures of the two products.

(ii) Write the mechanisms for the formation of these two products.
(30 marlu)

9. (a) Solution X contains four metal cations. The following tests were carried out to identify these cations.

Test Observation

o Dilute HCI was added to a small portion of X. No precipitate.

@ HrS was bubbled through the solution from O above. A black precipitate (Pr)

@ P, was separated by filtration. The filtrate was boiled to
remove the H"S, cooled, and NH,CI/NH,OH was added.

A green precipitate (P2)

@ P, was separated by flltration and HrS was bubbled through
the filtrate.

A white precipitate (P.)

@ P, was separated by filtration. The filtrate was boiled to
remove the HrS, cooled, and (NH.)2CO. was added.

A white precipitate (Po)

The following tests were carried out on precipitates PyP2, P, and Pn.

A deep blue coloured solution
(solution 1)

P, was dissolved in hot dil.HNO3 and conc.NH4OH
was added in excess.

A yellow coloured solution
(solution 2)

An orange coloured solution
(solution 3)

* Excess dil.NaOH was added to P" followed by
Hror'

* Dilute H2SO4 was added to solution 2.

A white precipitate (P.)

P. dissolved to give a

colourless solution
(solution 4)

x P, was dissolved in dil.HCl and dil.NaOH was

added gradually.
* Addition of dil. NaOH was continued.

Po was dissolved in conc.HCl and subjected to the

flame test.

fsee page thirteen
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(i) Identify the four metal cations in solution X (Reasons are not requircd.)
(ii) Identify the precipitates P' P, P3, P4 and P, and the chemical species responsible for

the colours of solutions l, 2,3 and 4.

(Note: Write chemical formulae only.)

(75 marlrs)

(D) The water sample Y contains the anions So3-, SOI- and Not. The following procedures were
carried out for the quantitative analysis of the anions present in the water sample.
Procedure 1

To 25.00 cm3 of sample Y, il excess of a dilute solution of BaCl, was added with stining.
Thereafter, excess dilute HCI was added with stirring to the precipitatjformed until there was no
further evolution of a gas with pungent odour. The solution was allowed to stand for l0 minutes
and filtered. The precipitate was washed with distilled water and dried in an oven at 105.C until
a constant mass was obtained. The mass of the precipitate was0.174 g. The filtrate obtained was
kept for further analysis (see procedure 3).

Pnocedure 2

To 25.00 cm3 of sample Y, an excess of dilute H2SO4 and acidified 5Vo KlOrsolutions were added.
The liberated I, was immediately titrated with 0.020 mol dm-3 NarSrO, .6lution using starch as
the indicator. The volume of NarSrO. used was 20.00 cm3. (Assume that in this procedure, SOrt-
ions are oxidized to sulphate ions (sol-) without any loss ro the atmosphere.)

Procedure 3

The filtrate from procedurc I was neutralized with dilute NaOH and to it excess Al powder
and dilute NaOH were added. The solution was heated and the gas evolved was transferred
quantitatively to react with a 20.00 cm3 volume of 0.11 mol dmr HCI solution. Completion of
the reaction was tested with litmus. The HCI remaining after reacting with the gas evolved was
titrated with 0.10 mol dmr NaOH solution using methyl orange as the indicator. The volume of
NaOH required was 10.00 cm3.

(i) Write balanced ionic/non-ionic equations for the reactions taking place in procedures 1., 2
and 3.

(ii) Determine the concentrations (mol dmr; of so3-, sol- and No, in water sample y.
(Ba = 137; S - 32; O = 16)

(iii) Give colour changes that would be observed in the titrations in pnocedures 2 and 3.

(Note: Assume that other ions that may interfere with the analysis are not present in
sample Y.)

(75 marlcs)

fsee page fourteen
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10.(a)

The flow chart given above indicates the production of metal magnesium (Mg) using the Dow
Process.

Answer the following questions based on the flow chart.

(i) Identify the starting material A.

(ii) Identify the processes employed at B, C, D, E, F and G from the list below.

evaporation, dissolution, thermal decomposition, electrolysis, recycling of a reagent,

precipitation

(iii) Identify the chemical compound used in B.

(iv) Identify the chemical species P, Q, R and T.
(v) Give balanced chemical equationsftralf reactions for the processes taking place in B, C, D,

and F.
(Note: When writing half reactions, identify the anode and cathode where applicable.)

(vi) State the importance of the reaction occurring in G. (So marks)

(b) (i) Consider the industries given below.

Coal power plants
Refrigeration and air conditioning
Transport
Agriculture
Animal farming

I. All five industries given above contribute to global warming.Identify the gaseous chemical

species associated with each of these industries that contribute to global warming.

II. State three adverse climate changes that could occur due to global warming.

(ii) Identify the main industry/industries given in (i) above that contribute to

I. photochemical smog,

II. acid rain,

III. eutrophication.

/-liquid/molten

pase
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(iii) Due to the reduction in rainfall in Sri Lanka, inducing artificial rain has been tested near
catchment areas of reservoirs that are used for hydro-power generation. In this process, fine
particles of hygroscopic salts (NaCl, CaCl, NaBr) are sprayed to induce cloud formation
by condensation of water vapour.

From the list given below, select the water quality parameters that are directly

I. affected

II. unaffected

due to salts entering water around catchment areas. Give reasons for your choice briefly.
List of water quality parameters:

pH, conductivity, turbidity, dissolved oxygen

(50 marks)

(c) The following questions are based on biodiesel production.

(i) State the raw materials used in the manufacture of biodiesel.

(ii) Name the main chemical compound present in each raw material where applicable.

(iii) State the name of the chemical compound used as the catalyst in the manufacture
biodiesel in the school laboratorv.

(iv) Give a balanced chemical equation to show the synthesis of biodiesel using the chemical
compounds stated in part (ii) above.

(v) Identify a side reaction that would take place, along with its products, if the catalyst is
used in excess.

(50 marlrs\

t+**

fsee page sixteen
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The Periodic Table
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