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diswer all four questions. Each question carries 10 marks.,

§ fa) Yo aie pros ided with the following list of compounds.
Ko PCl, CdCL, COMNO,),. Na$.0,

W el one of the above compounds

10 1 used as a primary standard in volumetric analysis?

i eives a pale yellow precipitate when dil. H 8O, is

added s aqueous solution?

tnundereoes hydrolysis to give an acid with a tetrahedral
structure?

froenes a dark yellow precipitate when dissolved in dil.
HCTand HS is passed through the solution?

1¥) Zives a blue coloured solution on addition of conc. HCI
toits agueous solution”

(2.0 marks)
(b) The following parts (i) - (vi) are based on the bicarbonate
o HUO; The skeleton of HCO:; is given below.
(8]

H-0-C-0

1 Draw the most acceptable Lewis structure for this ion.

" Draw resonance structures for this ion and comment on

' their relative stabilities

[ .
- the shapes around the following atoms using
tlhe VSEPR theory.

C

'L O attached 1o i

(V) Indicate the electron pair geometry (arrangement of
Tlm“’“" pairs) around the following atoms.
B

Il O attached 10 §

(¥ Indicate the hybridization of the following atoms
. C

Il O anached to H

(Vi) Identify the atomic orbitals/hybrid orbitals invelved in
the formation of the following o bonds present in the
Lewis structure drawn in (i) above.

I between C and O attached to H
Il. between O and H
(6.0 marks)

'!’hf: following table gives the approximate values of melting
pomnts and electrical conduction (in relative terhs excellent
good, poor, very poor or nil) of five substances, Mg, CO.,.
5i0,, NaCl and MgO. Complete the table by writing the
formula of the appropriate substance in the column pro-
vided under the heading "Substance "

lc)

Substance Melting Electrical Electrical
point/K | conduction in the | conduction in the
solid state molten/liquid state
(1) 3200 poor good
(2) 1100 poor good
(3) 920 excellent excellent
(4) 200 very poor/nil very poor/nil
(5) 1900 very poor/nil very poor/nil

(2.0 marks)
M is a non-transition element. Some chemical properties of this
clement are given below.

& Itburns in air with a bright white flame to give a mixture of
two compounds, A and B.

e It does not react with cold water but reacts slowly with hot
water and steam with the evolution of a colourless, flam-
mable gas, C.

o [t reacts with conc. HNO, to form NO.,.

(i) Identify the element M and state one important use of it
(i) Write the ground state electronic configuration of M

(iii) Write the chemical formulac of A, B and C




A Ler Wllh 1h=
(iv) One of the compounds A or B, reacts with WH
evolution of a gas. Identify this gas.

jon
. . thc l‘cﬂ.ﬁ[lu
(V) Give the balanced chemical equation fof

between cone. HNO, and M,

. jonof M
(Vi) Give the balanced chemical equation for the reactio

~with hot water.

ou W[)Llld

(vii) Using an acid-base indicator explain how Jrc o

demonstrate in the laboratory, the occurenc
reaction of M with hot water.

(viti) Giving reasons indicate whether the electron affinity of M
would be positive or negative.

(ix) State whether the solubi. s of oxides and hydroxides of
the ¢lements in the group of the Periodic Table to which M
belongs decrease or increase or increase down the group.
(Reasoning not required)

(x) P and Q are respectively the two elements found ir_nmcd_i'
ately before and after M in the Periodic Table. Indicate in
the table given below with a 'tick' (¥) in the appropriate

cage. the nature of the oxides of P,M and Q@

clement | strongly [ weakly amphoteric weakly s[ron_gly
acidic acidic basic basic

P

M

Q

{10 marks)
{a) Consider the chemical reaction.
N,(g) + 3H,(g) —> 2ZNH, (g}

and the thermochemical data given below (at 25°C)
Chemical species N(g) | Hyig) |NH({g)
Standard enthalpy of formation /&J mol! 0.00 0.00 461
Standard entropy/ J K mol” 191.5 | 130.7 | 1923

(i} Calculate AH" for the above reaction at 25°C

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

(ii) Calculate AS® for the above reaction at 25°C.

(i) 1.

(b) (D)

(ii)

(iii) Arrange the solutions P, Q and R in the order of et i
inceasing vapour pressures, according 10 Raoultsi® |

. ) X il B
(iv) Write the Raoult's law as an equation for a o

Wrile an cxprcssimmmlm‘g@ . B

(o its AH and AS 0‘\'\
R

ITTTEIEELE "'”'"""""".'““"""""ﬂill'hl'nr

Caleulate AG" for the above Feactigy

ug 1

15

Non-volatile solute A dissolves ip sy,
ideal solution C. At a given teml"-‘rmu, %
pressure of the pure solvent and th o €. thy V%

tl'llﬂ[

Write the Raoult's law in the form of ap
ion €. interms of the s i %“‘!
50]"“0" .imn )’mbOIS E“’tn k
by

The mole fraction of the solute in solytjq, C-. _
3

an equation for the Raoult's law in termg ofn ! Y ’

Hence. derive a mathematical expressjon oy
L]

Calculate the mole fraction of the solute i

. e
following solutions P,Q and R. hofgy

P 2.0 mol dm? aqueous solution orgmmwmh 2

a density of 1.26 g cm™.

Q - Solution containing 180 g of glucose in 162 pof
walter.

R . Solution containing 171 g of sucrose in |71 gy, X

water
Consider that hte density of water is | Ogem?

Relative molar masses of water. giucose and sucrose | -

18, 180 and 342 respectively

. e
consisting of glucose. sucrose and waler whe
masses of these are known.
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Ay /
RV . cteristic t of
E L e jhe ehurac YPe of reaction thy benzene O i
g l'ﬁlf' U leroes Taw the structures of A,B,C, D and £ in the relevant boxes
S Y ___ Bivenbelow,
¥ oS
It |y i the structuce of e ﬂ:’d“‘ and the mechanisy,
! { or the reaction between benzene and (CH,),CHCY in
f \he presence of anhydrous AlCI,
} . A B C
5
]
I3 : D E
‘ ® B when heated with cone H SO, gives F
@  Fwhen reacted with cone. HBr gives G
; (ii) Draw the structures of F and G in the relevant boxes
i iy Explain the stability of the intermediate formed from gIvEg below.
! henzene in the above reaction.
1
4
i
L]
; F G
{
': i
L (iii) Draw the structures of the three products formed. in
.| the boxes given below, when G is reacted with alcoholic
} KOH.
l
|
tiv) Draw the structure of the expected major product when
henzaldehyde (C H,CHO) is reacted with (CH,),CHCI
in the presence of anhydrous AICI, )
(iv) State whether G could exist in stereoisomeric forms

{6.0 marks)
(4.0 marks)
{b) A.B and C are isomeric. optically nactive, monosubsti-
wied sromatic compounds with the molecular formula
CH.O
» A reacts readily with conc HC! in the presence of
anhydrous ZnCl, to give the corresponding halide,
while B and C do not react with the same reagent at an
appreciable rate
* Band C when reacted with pyridinium chlorochromate
give compounds D and E, respectively
D undergoes aldol type condensation in the presence of
dil NaOH while E does noi
— |
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PART B - ESSAY
Answer all four questions. Each question carrics 15 marks.

5.

t

Lo I
(0) Atatemperature of 300 K and at a pressurc of 1% “_I Ifl
asample of oxygen gas weighing 3.2 8 exists inarigid ¥ I:Tas
of volume V. Another rigid vessel of volume ¥ it '1 ,
been fully evacuated is connected to this vesse, n““m?%
the gas (o spread in both vesscls. The temperature ol ! ":
combined vessels is then raised to 400 K. Al the Slwn-.;
temperature, gas X is then introduced into the combine .
vessels. until the pressure is raised o 2.0 X 10° Pa. If the
mass of the gas X required for this purpose is 88 2.
calculate the relative molar mass of X. Assume that both
these gases behave ideally and that they do not react wi

each other tO= 16)
(3.0 marks)

(b) Solute S distributes in solvent A and solvent B ina molar

ratio of | 9. (8 is more soluble in solvent B)
Solute § distributes in solvent A and solvent C in a molar
ratio of 1 :4. (S 1s more soluble in solvent C)
Solute S does not react with A, B or C. Further. A.
are inmiscible with each other.
(i) Calculate the partition coefficient of § between A and B.
(ii) Calculate the partition coefficient of S between A and C
(i) A 25.00 em® sample of 0,10 mol dm” § in solvent A was
thoroughly mixed with 25.00 cm’ of solvent B and the
layers wene allowed to separate. Calculate the concentration
of § remaining in phase A
(iv) A fter equilibrium was reached, a 10,00 cn’ sample of
phase/ from step (iii) above was thoroughly mixed with
20.00 cm’® of solvent C, and the layers were allowe 10
separate. Calculate the concentration of S remaining in
phasc A
MNote : In these calculations, assume that the temperature
is constant and that S does not undergo polymerization.
(6.0 marks)

Band C

(c) A sample of P gas was heated up to 481 Kin a rigid
container of volume 1.0 dm’ in erder to reach the following

equilibrium.
2P(g) === 2Q(z)*R(g)
At equilibrium, it was found that the total pressure of the
system was 1.2 x 10° Pa and that the partial pressure of
Rig)was2.0x 10" Pa
(i) Calculate the partial pressures of P(g) and Q{g).
(ii) Calculate the concentrations of P(g). Q{g) and R(g) at
equilibrium
(iii) Calculate the equilibrium constant. K_for the above
equilibrium
(RT=40x 10" ) mol" at 481 K)
(6.0 marks)

(a) In aqueous medium, the ionization constanl. K of the

monobasic acid HA is 1.0 x 10 mol dm™ a1 25'C _

(i) Calculate the pH of a 0.100 mol dm* aqueous solution
of HA a1 25°C.

(i) Derive a relationship for [HA{ag)] in terms of
[H,07(ag)] and K, [A'(aq))
[H,0° {aq)]. [HA(aq)] and [A(aq)] represent the
concentrations of H,O" HA and A" respectively. at
equilibruim in agueous medium.

by (i)

7 (a) (i) Sketchamagnesium clectrode at its standard stsa

Mg electrode

pH of the HA solution with lh :
£ 100 mol dm s maintaifed g g

(1ii) The
tion 0 _ :
yon of an appropriate t|uum|v_ly of g gy d

culate Ilie‘\i:;q]}uu_d (A (ag)in thig U
pionship obtained in (1) sbove, Case,

i e ship derived _
Using the 1€ lationship  dery in

“wcniuululu the pH value at which [[Mh{u] mﬁil i

solution I""t.'“]: |

(v) Caulculate the pH of the solution

' ol solution of iy by
5500 cm’ of 11A so initiaf M
00500 mol dm” with S0.00 cm? of Nmn%
Ll

concentration 0.0500 mol dm* )

. ‘g L
Srate the assumplions, iFany used in 1yjg caley |
! a|||'|-~ !

”S”w

Calculate the concentration of H' ions in ¢ [
a sample of 4.00 g ol pure CaCO, s dllo b, Wiy
with 500.0 cm* o 0.30 mol dm* H() soluligy | 1 10y
molar mass of CaCO, = 100) R"'Ili-ﬂ..: \
250.0 cm’ of 0.16 mol dm™ NaOH solution o
250.0 em’ of the solution oblained in g T
maintaining the emperature al 25C Show, . e |
prccipimtioﬂ QUCUrs., I gy
Solubility product of Ca(OH), at 25°C is 6 {
mol'dm™ ¥ i
iii) Calculate the mimimum mass of solid CEINU,
should be added to the solution obtained g s;"
above in order to observe a precepitation i I[.EE h,lz i
maintaining the temperature at 25°C. '
(N=14. 0= 16 Ca=40)

Note : Assume that there are no volume changes dy,
mixing of solutions £

{in)

(7.5 marky,

Label all parts.

(ii) Explain briefly why the absolute potential of an
electrode cannot be measured. :

(iii) Consider the electrochemical cell given below, prepard f
using a pure magnesium clectrode and a porous cabi | §
electrode. Both clectrodes are immersed ina MgCl, 1§
clectrolyte solution of a known concentration as shows | 3
in the diagram !

- porous C electrode

— nqueots MgCl, solution 50

The equilibrium reactions an the Mg electrode and the € 8
electrode. and their standurd electrode potentials are shows
below
Mg?'[ﬂq] + Qe # Mgt_‘i‘].
O(g) + 2HOM + 4o == J0H" B¢ =040V

pe =-237V

[ Identity the cathode of the cell.

Il At standard state, calculate the clectromative o
(e.m.f.) of the above cell,

II. Write balanced equations for the anode re ;
cathode reaction and the overall cell reaction. that [] {
when the clectrodes are externally connected SIS
conducting wire,

Action. the
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T

ol you X peet10 observe if a solution of NaC)
) : e -.‘nnccmr.lttnll WIJ:'J used in place of the salution
i E«IJL s the clectrolyte in the cell? Explain briefly
el
Ibuj";lf_-"""'“cr P
\ he ahove cell connected t.“ o circuit, the curremt
Jecreases gradually with time, State two
that could be used to raise the current to
jevel again. Briefly explain the basis of the

stated by you.

ih it
pdueet
ll_--.hm[.‘"
qustactar
ulcﬂih*“i";

(6.5 marks)

petine he terms. initial rate and average rate fora given
P .

! t.qumn:dl|'L‘;1|.:|1un.

o The reactants AB and C react with cach other i an

1l

Jqeans medium to yield products, as shown below.

\+B+C products
ble below gives the results of four experiments

Ihe 14l ) . .
at 30°C 1o investigate the kinetics of this

|\¢rl'u|mcd

rection

Initiai rate of]
formation of
producis /
mol dm?s!

Inttial
coneentration
of C/maol dm!

Initial
concentration
of B/mol dm*

MTIEL
-;on:cmr.'!unn
of Amol dm

g0x 107
1Lax10?
3.2x 107
2x 107

0.10
0.10
0.10
0.20

0.10
0.10
0.20
1

IR}
(.20
0,20
0.10
P
[, Writca mathematical expression to relate the rate of
he above reaction to concentrations of A,.B and C.

(1 Calculate the arder w ith respect to each reactant

ABand C
Write an expression for the rate of the reaction
using the orders obtained w ith respect o A, Band C.
* How does the rate of the above reaction change
from its initial value the concentration of Cis
wripled keeping the concentrations of each species A
and B unchanged?

i} It has been assumed that {he above reacrion takes place
in the following elementary sLEps.
A+ C ==X (afasl equilibrium

constant is K}
X + Cw==2Y (afastcquilibrium step. Equilibrium
constant 15 K)

step. Equilibrium

v+B — 7 (aslow step)

o PART C- ESSAY
Answer all two questions only, Each question carries 15 marks.

8. () A and B are two water soluble crystalline compounds
}Vh‘“ aqucous solutions of A and B are mixed together, an
l!‘lsoluhle compound C and a watsr soluble compound D ore
formed. Given below are some tests carricd out 10 identify

Aand 8.

e —

Test

Observation

Compound A was heated.

A reddish - brown gas evalved

2. Aluminium (Al) powder
and NaOH were added 10 an
agueous solution of A, the
mixlure was warmed and
the pas evolved was tested
with maist litmus.

Red litmus turmed blue

e

3. H,S was passed into an
aqueous solution of A.

A black precipitate was formed

e
4 Dilute HCl was added toan | A White precipitate ~ Was
aqueous solution of A formed.
———
5 The mixture obtained in test Precipltate dissolved to give @
{4) above was bailed clear solution
-
6. The hot solution formed in | whie needles precipitated.

(5) above was allowed to
cool.

7. BaCl, was added to an
aqueous solution of B.

insoluble in

A white precipitate
HNO, was

dil. HCI and dil
formed

% Filtrate from (7) above was
divided nto two portions
and tested as follows.

l. NH*OH was added

1. A small amount of conc.
HNO, was added
followed by KSCN

A dirty green precipitate was
formed.

The solution turned blood red
in colour.

(i) Identify compounds A and B explaining the above

observations

(ii) Write balanced chemical equalions for the reactions
taking place in (1), (2). {3) and (41,

(iii) Identify compound C

(iv) To identify the cation and the anion present in compound

A, give one chemica
given in the question

1 test for each. other than those

(b) Solution P contains SO, Cu™ and ' The following

Z +nC + nB —> products (a fast step)

Indicate which of these steps will determine the rate of

the reaction.
Write a rate expression for the reaction taking place in
that step.
Hence, derive a rate expression for the reaction in step
(b) (ii) above. in terms of |A], |B] and icl
Note : The order with respect 10 each reactant of any
elementary reaction is the same as the stoichio
metric coefficient of that reactant.
(8.5 marks)

procedures (1-3) were used to determine their concentrations

Procedure

(1) Excess BaCl, solution was added (o 25.00 ¢cm’ of the
solution P, to precipitate SO} as BaSO, The precipi-
tate was filtered, washed and dried ull a constant mass
was observed. The mass of the precipiate was 2335 g
Determine the concentration of SO; in solution P in
mot dm? (O =16, $=132, Ba=13T)

(2) H,S was bubbled through 2500 em’ of solution I* 1o
precipitate Cu’™ as CuS The precipitate was filtered,
washed with water. and the filtrate was kept 10 be used
in procedure (3). The precipitate was transferred mto a

e ———

—
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9 (@) Oxidized and reduced fon

<

fltmion flask containing 30.00 cm’ of 0.28 mol tfrr:c
Heidic KMnO, 1o produce Cu®* Mn*, and SU’.' s
Solution was boiled 1o remnove SO,, and the exces
nO, was titrated with 0.10 mol dm” Fe** 5'01"[.'0'1'
burette reading at the end point was 10.50 em’.

; . . + 5 enluli in
rmine the concentration of Cu®* in solution P
mol dm*,

() The filtrate from procedure (2) above was placed in a
titration flask_ boiled to remove H,S and cooled to room
lemperature. To this, both 5% KIO, and 5% Kl were
added in excess. The volume of 0.40 mol dm” Na,S$,0,

solution required 1o titrate the liberated iodine was
25.00 cm?,

Determine the concentration of H* in solution P in mol
dm™

(7.5 marks)

s of nitrogen gas are important

chemical species that are involved in environmental

pollution,

(1) Give the chemical formulae
with positive oxidation s
atmospheric poliution.

(i) Give the chemical formuy
that contribute 1o ground

(ili) Indicate the basic
converted to more
(1) and (ii) above,

(iv) Explain briefly how the Haber process indirectly
contributes ot environmental poliution

of three nitrogen species
lates that contribute to

tae of three nitrogen species
water pollution.

processes by which nitrogen gas is
chemically active forms as given in

(3.0 marks)

(b) Photochemical SMOg is a maj

ajor atmospheric poilution
problem associated with industrialization and transportation
along with specific climatic conditions.

(1) Explain how photochemical smog develops.
(11} Indicate how yYou would beco

me aware of the presence
of photochemical smog,

(1) List four major toxic products found in photochemical
smog. Give chemical reactions to show the formation of
one toxic product that does not contain carbon.

() Give three adverse effects due to photochemical smog,

(V) Suggest 2 method by which the formation  of
photodchemical smog can be reduced.

(4.5 marks)

(c) (i) Indicate briefly the steps involved in the production of
C from copper pyrites.

Note : Balanced chemical equations for the relevant
reactions should be given.
(i) Give one chemical test to identify Cu** ions in an aque-
ous solution.

(3.5 marks)

(d) The manufacture of common salt (NaCl) is an important
industry in Sri Lanka

(1} Indicate the factors you would consider to be important
in selecting locations to set up salterns.

(1) Give a brief outline of the steps involved in the produc-
tion of common salt.

10 (a) (i) Explainwhy alkyl halides teng

(iii) The mother liquor obtaineq 4 _
mon salt in a rish source of g},

List a metal and non metal

U g g Py
mother liquor on a large scqle WMU% |

-w

) 10 unda; :
substitution reactions, --

(ii) Explain why chlorobenzene do

- ) €S noy
philic substitution reactions re

adily

g
(b) Draw the structures of the three myjy, roduc

expected from the reaction given below. "m%
Br

| -
CHCh= CH(cH ) 21,

(20
(¢) Show how you would carry out the

: foliowip
using M as the only organic starting ¢

OMpoung

(6.0 Mark,

2"!'-"-"uiﬂ-:iil‘ll: Using
Organic “mmg

(d) (i) Show how you would synthesize

acetylene (CH,) as the only
compound.

(i) Show how You would synthesize (he l'ullowm!
compound using 2-butanone as one of the Starting
compounds.

B,

CH,CH,

o

(3.0 :r;:uks]

g, |

s




