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PART B and PART C - Essay (pages 8-13)

* Answer four questions selecting not more thap WO ay o«
from each part. Use the paper supplied for thjg pmpg;l:s“c'"‘

* Atthe end of the time allotted for this

three parts A, B and C together so that
them over to the Supervisor.

*  You are permitted to remove only Paris Ba“dCOflhequcw
paper from the Examination Hal|. "
* Teke R = 8314 K mol” apg N,

papcri Iic thc an_s“,t
P.an"‘ ison top ang i::nlz

= 6.022 x 107 g

PARTA - STRUCTURED ESSAY '

Answer all four
carries 10 marks,

}qucslinns on this paper itself. (Each question

l. (a) Define "atomic mass unjt."

(1.0 marks)

(b) ‘l"he clement A forms the anions AF, and AF;. AF; is
linear and AF is square plannar in shape.

() Sketch the shapes of A, and AF-, indicating the
arangement of lone pairs if any, on the central atom.

AF, AF,

@ | s
(W State the group in the periodic table to which A belo™"

" ome

Sadeepa P



W"

e

4 . 12
© X+t = C+ Y
(i Fillin the blanks denoted by dotted lines

places in the above equation. () at three
(i) 1dentify X andY.
= X T G
- (2.5 marks)

he first ionization energies of five consecutjv i

(d) 'It-hc periodic table with atomic numbers Z, Z+i el;r_n‘;ntzs;g
and Z+4are given below. Z is less than 16 and one of ‘IheSf:
elements is a metal. The ionization encrgy values are not
givenin any particular order.

lonization Energies : 495, 1313, 1681, 2081, 1402 kJ- mo]"

Write in the table given below, the relevant ionization energy
value for each element. ]
Atomic number Z |Z+1]| z42| 243 | 744
| lonizatien energy /kJ mol! i |
(2.5 marks)

2 (a) X.H, isa white crystalline salt. The elements present in X
and their mass percentages are given below,

Element C H N 0
Mass % 194 6.4 226 5.6
(C=12.0,H=1.0,N=14.0,0=16.0)

(i) Deduce the cmpirical formula of X.

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

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

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

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

(i) On heating, one mole of X produces two moles of NH,
as the only nitrogen containing product. Write the
molecular formula of X.

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

(iii) A warm aqueous solution of X decolorizes an acidified
KMnO, solution. Write the chemical name of X.

(5.0 marks)

(b) (i) What is meant by the standard enthalpy of formation of
. CO(g)?

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

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

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

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

(i) When a sample of 72.0 g graphite is burnt in oxygen under
standard conditions, the product mixture Is found to con,
tain by mass 28% CO(g), 6% CO(g) and unburnt. C(s).
Standard enthalpy of formation of CO(g) = 111K mol':
Standard enthalpy of formation of CO,(g)= -394 kI mol!
(C=120,0=16.0) i

" 1 Calculate the following :

A The mole ratio of C(s), CO(g) and CO,(g) in Ehc
product mixture.

.........
............
..............
..............
.............................
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B. The number of moles of CO(g) relcased.

C. The number of moles of CO,(g) released. )

P T L LLLLLLLLERL TR TR
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D. The heat released on burning 1.0 mol of graphite
under standard conditions.

T
L L LT R LR seape

II. Using the above thermochemical data, deduce
whether the conversion of CO(g) to CO,(g). un(!er
standard conditions, is endothermic or exothermic.

(5.0 marks)
(a) An industrially important organic compound X, contains

carbon, hydrogen and oxygen only.

(i) Write a balanced chemical equation for the complete
combustion of X taking its molecular formulaas C HO,.

(ii) The combustion of 62 mg of X (relative molecular mass.

M, = 62) gives 88 mg of CO, and 54 mg of H,0. Deduce

~ values for x, y and z in the molecular formula CH O,
(C=120,H=1.0,0=16.0)_ '

T LT L T T TR T PR T L
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(iii) The reaction of 62 mg of X with sodium gives 2 mg of
hydrogen gas. Deduce the structure of X.

(4.4 marks,
(b) (1) What is the main type of intermolccular force present in
each of ethanol (M, = 46), methanoic acid (M, =46) and
propane (M, = 44)?
TRERANADIBY 3 v cher innrrosuivrasisn shrrsivmbnmpinimsioatalis  sovissianass
Inmethanole 8EI8 £ woiiiimmiiaiizimioniiin s miiain
T NN T conciitinimansviosions i in s
(ii) Arrange cthanol, methanoic acid and propane in the
increasing order of their boiling points.
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(iii) Explain your answer in (ii) above.




"CHihem
‘e mole i
1k hvbrifllijgfa:'mucmrc of vitamin C is given below. Write
5 az Lou -::I'I:Iu: carbon and oxygen atoms indisat «
_‘[‘- SP™or sp in he appropriate ciicle

, OH
HoO—— ¢y

T
oL

(1.6 marks)

(d) An optically active compound, C,H,,0, gives a yellow
precipilate with 2,4 - dinilrophenylhn:frazm? but does not
react with ammoniacal silver nitrate. What is the structure

ol the componnd?

{1.6 marks)
4 (a) Consider the following reaction sequence.

0] -

Il
CH,CCI CH, MgBr - HO dil. H,50, _°

» A 3 - 1 > 2 1'
AICI, dry ether B & heat D

Reaction | -Reaction 2  Reaction 3 Reaction 4 5

(i) Write the structures of A,B,C and D in the boxes
given below,

A B Gl % v D

(if) Classify each of the reactions in the above sequence
as addition (Ad). climination (E). rearrangement (R)
or substitution (S) by writing Ad, E, R or S in the
appropriate cage. .

Reaction ] p) .3 4

Reaction type

(iii) Write the active species and whether it Is'an‘ el :
v » e t
or a nucleophile, in each of the reactions | an: Zn::ﬁlme
appropriale cages, ]

Reaction Active species
]

Electrophile/ Nucleophile

2

-
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in schemes A and B selecting

the syntheses
ts/ solvents only from thog,

c reactants/ reagent
h scheme.

ures of appmprm[c compounds in lhe
1s/ solvents in the circles.

where it is important.

(b) Complete
npproprlﬂl
given with eac

»  Write the struct
s and the reagen

hoxes
Ll‘ill urc

«  Indicate temp

(i) Scheme A
Reagents/ solve
Mg. P,0q PCl,
dil. H, SO waler, dry cthu

nls

o :

I
CH,COH

o
Il
CH,CNHCH,CH,

(i Scheme B

Reactants/ regents / solvents :
nitrobenzene, toluene (C_H Cl—ll
2K CH Gl AIC]
Zn(Hg), Sn, KMnOd NaNOI conc. HNO
+ conc. H,SO,, conc. HCI. aq. NaOH, water. -ethanol

1040

'

(7.6 marks)




""" PARTB-ESSAY -

» Answer O

5.

Temperature T

sﬂdmpg "llblisher

o questions only. (Each question carries 15 marks.)

+ Toke R=8314 JK'mol” and N, =6.022 x 10® mo*

(@

(1)

(b) (i)

(i)

5.0 mol of X(g) was heated upto 450 K in a closed
container to establish the equilibrium.

X(g = 2Y({@

Al this equilibrium, it was found that 25% of the initial
amount of X(g) was decomposed to produce ¥(g) and
the 1otal pressure was 6.0 x 10° Nm?2,

Calculate the following :

[. The mole fractions of X(g) and Y(g) at equilibrium
I1. The equilibrium constant, K
When the temperature of the above system was

increased to 600 K, Y(g) also underwent decomposition
to establish the following equilibrium.

X (g) === 12Y (g) = Z(p)

When 2.0 mol of X(g) was initially used, it was found
that 1.0 mol X(g} and 0.50 mol Z{g) were present
together with Y(g) at equilibrium. ;

I. Calculate the following : .
(A) The number of moles of Y(g) at equilibrium.
(B) The mole fractions of X(g), Y{g) and Z(g) at
equilibrium. -
(C) The total pressure of the system at equilibrium.
(D) The equilibrium constant for X(g)=>2Y(g)

1. (A) State the assumptions, if any, you used in par
Cabove.

(B) Is the reaction X(g) —> 2Y(g) exothermic or
endothermic? Briefly explain your answer.
' (9.0 marks)

75.0 em’ of an aqueous solution of solute E was shaken
well with $0.0 em’ of CHCI, at room temperature, and
allowed the two layers to reach equilibrium. Calculate
the distribution coefficient, K, for the distribution of E
between CHC), and water if 75% of E (mol %) was
extracted into the organic phase at equilibrium.

Two unreactive liquids X and Y, which are completely
miscible in all proportions, are at equilibri with their
vapour phase over the temperature range from T, 0 T,
This equilibrium is shown in following phase diagram.

i
|

|L_+'_

|
! T, = Boiling point of pure X

1 T, = Boiling point of pure Y

4
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tss¢ the ut ove phase diagram to answer parts | w. J 11 below.

L

1L

If un equimolar solution of X and ¥ 151, equilibrium
with the vapour phase, what is the mole 1atio of X and
Y (X :'Y) in the vapour phase
Briefly explain how a mixiure of X urd Y could be
separated into purc components

(6.0 marks)

6 (a) Four titrations were conducted using different acid and
base solutions as shown in the table below.

Titra Acid solution Volume of acid Base solution
lion solution /em’
[ ]0.300mol dm? HCI 25.00 0 300mol dm* NaOH
11 {0.030 mol dm* HCI 25.00 0 030 mol dm™ NaOH
I 10.300 mol dm”* CH,COOH| 25.00 0.300 mol dm™ NaOH
[V [0.150 mol dm” CH,COOH| 25.00 0.150 mol dm™ NaOH

() The pH - titration curve of titration 1 is given below.

pH 8

14
12

i0

6
4

[ %]
i :
=

ﬂ‘ - L 1 i :
0 -10 20 30-40 50 60
Volume of NaOH added/cm’®

Points A,B and C of the curve represent the additions of 12.50 cm’.
25.00 ¢cm® and 50.00 cm’ volumes of the NaOH solution
respectively to the HCI solution. Calculate the pH values
corresponding to these three points.

(ii) For each of the titrations II, I and 1V, indicate whether

the pH values corresponding to the add of 12.50 cm?.
25.00 ¢cm’ and 50.00 cm® of the NaOH solution.
decreased, increased or remain unchanged

with respect to the points A,B and C of titration I,
Use a table as shown below in your answer script to
answer this part of the question, '

Titrations Volume of NaOH added/cm?
12. 50 25.00 50. 00
1
[
v

(iii)Give reasons for changes in pH values you mentioned

in titration [11,
i (9.0 marks)

(b) Chlorine dioxide (CIO,) undergoes the following reaction in
alkaline medium

2CI0,(ag) + 201" (ag) —> CIO; (aq) + CIO; (ag) + H, O (1)




The initial rates determined

"
out at a constant fempernture
concentration of ClO, an

for the nb

ove reaction carried

initfal
by changing the init
d initinl pH are given below.

Tnitial Tate
Initial concentration [nitial pl ol dms”
of Cl0,/ mol dm? -
0,060 T 0.
0.020 12 0.0025
0.020 13 0.024
(i) Caleulate the order of the cenction with respect Lo Clo,

and with respect 10

o

(i) The mechanism of the above reaction does not change

when the temperature i

whether.

I. the rate of the reaction

1. the order with respect to each reactant
would increase, decrease or remain unchanged whea

the temperature is increased by 10°C.

s increased by 10°C Predict

(6.0 marks)

7. (a) (i) Atroom temperature, 25.0 cm’ of 4.00 x 107 mol dm’
AgNO, solution were maixed with 75.0 cm® of 8.00x

10” mol dm™ NaBr

I Show that a precipitation occurs.

solution.

II. The resulting precipitate was separated and dried.
Calculate the mass of the dry precipitate.

(ii) A 0.166 g sample of Ag,CrO, was thoroughly shaken
with 50.0 em’ of distilled water at room temperature.
50.0 cm?® of 2.00 x 10°* mol dm® NaCl solution were
then added to the resulting Ag,CrO, suspension and mixed
well. The following changes were then observed.

{A) The reddish-brown precipitate dissolved and a white
precipitate was formed.

{B) The colour of the supernatant solution became
distinctly vellow.

Explain the above observations uéing suitable calculations,

AgCl=143.5, AgBr=188.0,
Ag,CrO, = 332.0

Relative molar masses :

At room temperature,
K, (AgBr) =
f.’m (AeCl)
K, (Ag,CrO0) =

Il

5.0 x 10-° mol? dm*
1.8 x 10" mol? dmrt
2.4 x 10" mol® dm*
Molar solubility of Ag,CrO, = 8.4 x 10* mol dm*

(10.0 marks)

(b) Consider the following electrochemical cell.

Salt bri
P alt bridge

Conducting wire




(i) Which electrode (A oF B) is the cathode?
(i) Whichelectrode (A OF B) is negatively chargegd?

(i) Write a balanced equation for the eloctrode feaction

that occurs at A. i mtbdirgi
i or the clectro ;
ti\,) Write a bala nced Cﬂ““'"‘“ uc rcaclmn

that occurs at B.
need equation for the overall cel) Feaction

test in cach case 1o show the formg
that you have given in (i) ang

(v) Writea bala
(vi) Give one chemical :
tion of the ionic speeies

(i\) “b\“f. . )
overall cell reaction you have given in (v) aboy

(v The ,
occurs during a common natural process. Name this
process.

(5.0 mark!}
—

PART C - ESSAY

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

—

£ (2) AsolutionY contains dil. H,S0, and oxalic acid.
@ 25.00an’ of this solution was titrated with a 0.050 mol dry?
KMnO, solution. The volume of KMnO, solution
required was 24.00 cm’

(ii) The solution obtained after completing the titration (i)
was further titrated with 2 0.040 mol dm NaOH solution,
The volume of NaOH solution required was 15.00 cm?

L. Write balanced chemical equations for the reactions.
I1. Calculate the concentrations of
(A) Oxalic acid and
(B) H,S0, acid
in the solution Y.
(8.0 marks)

(b) (i) Usingbalanced chemical equations only, suggest one
method for the synthesis of each of the following
compounds starting from limestone.

I Bleaching powder
II. A phosphorus fertilizer
11, Acetylene

(i) During April 2009, a ship containing 6500 tonnes of
conc. H,S0, sank off the port of Trincomalee. Predict
the Possibic lhrcatsfimpacls that could occur due 10
leaking of conc, H:SO‘ to the marine environment.

(7.0 marks)

(®) ) Outlne briefly how You would identify the following

dilute aqueous soluti P "
another, Y mixing them with on

KL Fe, (50,),, BaCl, K, pe (CN),

(i '
) Outline how you woylg identify the following aqueous

solutions/fine| :
ow g . o
one another ¥ powdered metals by reacting them witl

AI. Z-n., NH‘ CI' NaOH
(7.0 marks)

/



red inorganic salt containing the metallic element
{ On heating, A decomposes giving a green residue B
M. 634 colourless gas C and water vapour. One mole of A
(TL e mole of residue B. The gas C reacts with heated
anesium forming a white sol.ld D. D reacts with water
ma-nin.i,! a gas E which turns red litmus blue. Heating A with
{:‘:,C 0, solution also prloduccs the gas E, Tluf green residuc
[low solution when warmed with an alkaline

(o) Ais2CO"

sives 8 Y€
?olition of H,0,.
(@ 1dentify AB.C.Dand E.
o Bajiio palanced chemical equations for the relevant
reactions.
(8.0 marks)

10 @ (i) In the determination of dissolved oxygen ina samplc of
water, 250 cm® of the water sample was treated with a
solution of MnSO, and an excess of Kl in an alkaline
medium. The solution was then acidified and the liber-
ated iodine was titrated with 0.020 mol dm” Na,S,0,
solution. The volume of Na,S,0, solution required was
10.00 cm’.

(1) Give balanced chemical equations for the relevant
reactions.

(11) Calculate the concentration of dissolved oxygen in
mg dm” of the water sample. (O = 16.0)

(i) Hydrogen peroxide is decomposed into H,O and O, on
warming. : ;
[. Write balanced ionic equations for the two half
reactions relevant to this decomposition.

1. Outline one titrimetric method to determine the
concentration of an aqueous solution of H,0,.
(Nc experimental details are required)

(7.5 marks)

(b) To answer this part of the question, use the page 13 (at
the end of PART A) which contains a flow chart.

Consider the production of Na,CO, by Solvay process.
In the flow-chart provided, (page No. 13)
(i) write in the triangles A, B and C, the starting meterials
used.

(ii) write in the box D, two by-products formed during
the concentration of the starting material in B.

(iii) write in the box E the waste material produced in
the process.

(iv) write in the circles the chemical formulae of the
appropriate substances involved in the process.



® Only use this page to answer question numbe 10 of PART C.
" (Question number 10 is not compulsory)

WV

A

Heat

Tower

Tower

Concentration

water

Filter

Heat

Write in spaces provided below, the balanced equations for chemi-
cal reactions taking place at F,G and in tower 1.

4 B Rt Ly
i) 4 € ORI R BB X/ o i MU
(vii) in tower |
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