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Instructions: i

¥ Periodic Table is provided. |

& This papcr consists of 09 pages. ‘

x Answer all the quesrions. |

s Use of calculartors is not allowed. ‘

% Write your Index Number in the space provided in the answer sheei.

% Follow the instructions given on the back of the answer sheet carefuily.

® In cach of the questions X 10 50, pick one of the-alternatives from (1), (2), (3), (4), (5) which
is correct or most appropriate and mark your response on the answer sheet witl a cross (<)
in accordance with the instructions given on the back of the answer shect.

| SP—-

Universal gas constant R = 8.314 J K™' mol™’ Planck's constant /1 = 6.626 x 107 Js

Avogadro constant N, = 6.022 x 107 mol™ Velocity of light ¢ = 3 x 10° ms™’

1
1]

1. Which of the following clectronic transitions belongs to the visible region of the line spectrum
of atomic hydrogen? (n = Principal quantum number)

(I) n=5 - n=3
2) n=4 -5 n=2
GB) n=1—>n=2
@) n=5—->n=1
5) n=2 - n=1

2. Sclect the incorrect statement.
(1) Pauli exclusion principle excludes the possibility of the presence of a third electron in an vrbial.

(2) In a potassium atom, the number of electrons having quantum numbers s (principal quaii.m

number) =3 and m, (magnetic quantum number) = 0 is 4.

(3) The cffective nuclear charge felt by a valence electron in nitrogea (N), is greater (han tac
effective nuclear charge felt by a valence electron in carbon (C).

(4) Among the ions Nu*, Mg?*, K' and Ca®* the two ions closest to each other in size arc X
and Mg,

(5) Electron gain energy of carbon is negative.

+

3. The increasing order of the second ionization energy (X*(g) — X*(g) +¢) of Be, B und O s,
() Be < B < O

(2) Be < O < B
3) B < O < Be
4) B < Be < O
3) O < Be < B

4. The shapes of FJCIO. l-'C]Ol and FC‘lD] are respectively,

(1) tetrahedral, trigonal planar and see-saw.

(2) squarc planar, trigonal planar and tetrahedral.
(3) see-saw, trigonal pyramidal and square planar.
(4) tetrahedral, trigonal pyramidal and see-saw.
(5) see-saw, triponal pyramidal and tetrahedral.

|
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6.

=l

10.

What is the ITUPAC name of the followinp compound?

HO —CH,—C=C-CH—CHO
) l
CH,-CH,

(1) S-hydroxy-2-cthylpent-3-ynal
(2) 3-formylhex-4-yn-6-ol
(3) 2-cthyl-S-hydroxypent-3-ynal
(4) 4-formyl-1-hydroxy-2-hexync
(5) 4-formylhex-2-yn-1-ol

A sawrated aqucous solution of a sparingly soluble salt AB, was prepared at 25 °C. Solubj;
product of AB, at 25°C is 320 x 10™* mol® dm™. The concentration of ion B~ (mol dm™j in

saturated solution is,

1 1 ]
() (L&) %10 (2) 3 x10* (3) (3.2)° x107° (4) 20x107  (5) 40x 1073

Sclect the correct statement.
(1) The polarizability of F~, CI~ and S* ions increases in the order F~< §* < CI".
(2) The polarizing power of Li*, Na* and Mg?* decreases in the order Mg®* > Na*> Li".
(3) The clectronegativity of O, F, Cl and S decreases in the order IF> O > S > Cl.
(4) The boiling points of Xe, CH,, CH,NH, and CH,OH increasc in the order
CH, < Xe < CH;NH, < CH,OH.
(5) The interatomic bond distances of Nz, Oz, P2 and HF increase in the order N2 < O2 < l~‘2 < HI

Compounds P and Q are diastereoisomers of each other. Which of the following could be
molecular formula of compounds P and Q?

(1) CH,, (2) CH, (3) CH, @) CH 0 5 CH.,
The increasing order of eclectronegativity of the carbon (C) atom in CH,, CH,Cl, H,CO, HCN
and NCO™ is

() CH, < H,LO < CH(CI < HCN < NCO-

(2 CH,Cl < CH, < HCO < HCN < NCO

(3) CH, < CH,ClI < HCO < HCN < NCO~

(4) CH, < CHCI < NCO™ < H,CO < HCN

(5) NCO©O < HCN < HCO < CH, < CH(CI

The organic compound X does not give a coloured precipitate when treated with 2.4-DNP. When

compound X is treated with acidic K,Cr,O, product Y is formed. The product Y gives a coloured
precipitate with 2,4 -DNP. Y liberates CO, when treated with aqueous Na,CO; solution. Compound

X could be,

OH OH
(1) CPI}CHzciHCHzCH.lCHO (2) CHJCHz(:?CHzCHZCHIOH
CH,
OH OH OH

| ,
(3) CH,CH,CHCH,CH,CH,0H  (4) CH,CH,CHCH,CH,CHCH,

o J

|
(5 CHJCHCH2 CH, CO, CHJ S
. - \
J
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CamScanner


https://v3.camscanner.com/user/download

\12022202)/0VE-]

1.

4.

Consider the following cquilibrium that exists in o closed rigid container ur 305 1K
A(g) +B(g) = 2C() : AH <0

Which of the following describes/explains the effect on the cquilibrium constnt K, wnen he
temperature is increased to 750 K7

(1) K, does not change because the pressure docs not change.

(2) K, will increase because the activation energy of the forward reaction is decrrased

(3) N, does not change because the number of reactant molecules and the number of product
molecules are equal to cach other.

() K, will decrease because the backward reaction is endothermic which favours the forward reaction.

(3) K will decrease because the forward reaction is exothermic which favours the backward reaction.

h

The details of an initial rate measuring experiment carried out for the reaction X (aq) + Y (aq) — Z(aq)
at a given temperature are given in the table below.

Experiment (X(aq)],/mol dm™ [Y(aq)]o/mol dm™ | Initial rate/mol dm™ s~

@® A 0.40 0.10 R
@ 0.20 020 7

The initial rate of formation of Z(aq) in experiment (D is R. The reaction is first order with
respect to X(aq) and second order with respect to Y(aq). The inital rate of formation of Z(aq)
in experiment @ is,

M0 7 (2) (3) R 4) 2R (5) 4R

A 04314 g sample of pure iron(Il) oxalate (FeC,0,) was dissolved in excess dilute H,SO,. The
entire solution was dtrated with 0.060 mol dm™3 i(J\/InO4 solution. The burette reading at the end
point is (relative molecular mass of Fc(‘,jo4 = 143.8)

(1) 20.00 cm® (2) 2500 cm®  (3) 3000 cm’  (4) 4000 cm'  (5) 50.00 cm’

Al a given temperature a certain number of moles of H,S(g) was inserted into an evacuated

1.0 dm® closed rigid container and the system was allowed to reach the equilibrium shown below.
2ZHS(g) = 2H,(2) + S,(g)

Al equilibriui, it was found that a fraction x of I,S(g) has dissociated. At equilibrium (e (otal

pressure in the container was P. Which of the following gives the equilibrium constant K, of the

system?

" x°P 2y @Qr0d-x)F 3) P
2 +x)-x) 3 2+ =)
(1-1)P (24 x)(l-x)

4) s> 5) —————

() X7 (l=x)” o) S

The pH curve obtained for a ‘titration of 2500 ¢cm® of  pH
010 mol dm™ unknown acid with .10 mal dm ™ tnknown :
base at a given (emperature 16 chown on the richt 147
|
|
|

SORICD 0T N2 ToHowINg 18 MOl appropriare yeoardine rhe aciel
and bage used sn this Habnsn? '
VL) bionusvasie Suong aud wiill a moao-protic siony base
(2) Mono-basic strong acid with a mono-protic weak base
(3) Di-basic strong acid with a mono-protic strong: base
(4) Mono-basic weak acid with a mono-protic weak base
(5) Mono-basic weak acid with a mono-protic strong base

iy t

O 5 10 15 20 25 30 35
Volume of base/cm?

!

e -t
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b6 Which of the follnwing statements is false with regmd (o the clements in the = and [ blocks?
) Althauyh aenon (Ne) s anoanert gas, it forms compounds with oxidation nurnber: 42, -
and +o.

2) Among the hydrogen halides, HIF has the highest bond dissociation encrgy.

1) The solubility of the hydroxides of Group (wo (II) clements in water decreases on descendin
the group, while the solubility of their sulfates increascs,

) Among the Group one (I) metals (Li to Cs) cesium has the lowest mching point.

(5) The oxidation number of nitrogen in NH,OH s -1.

17. At 25 °C, 1w \/] cm’' of x mol dm™ CH1COOH(nq) solution in a beaker, V2 cm’ (V3 >V oo
vmol dm™ (v > ) NaOH(aq) solution was added. The pH of the final mixtwre is,
(N s the dissociation constant of water at 25 °C)

y=Wx Voy=Vix .
(1 Dh'w-los{l{%ﬁ,@} (2) p/\'w+log{ﬁ} ) pK,
1+ V2 )
’ Vyv=Vx o Voy=Vix
(4) "p}\\v - 10.‘3{‘\,! + V‘: } (5) p]\ W + 1Og[ VI 5 Vz

18. Which of the following statements is incorrect with regard to the reaction given below unde
standard conditions?

2H,(g) + 0,(g) — 2H,0(g) : AH" = -483.7 kJ mol"!

(1) For one mole of reaction 483.7 kJ heat energy is evolved.

(2) For two moles of H,(g) consumed, 483.7 kJ heat energy is evolved.

(3) For rnwo moles of H,O(g) produced, 483.7 kJ heat cnergy is evolved.

(4) For the reaction 4H,_(g) +20,(g) — 4H,0(g), 967.4 kJ heat energy is evolved.
(5) For one mole of 0;(g) consumed, 241.85 kJ heat energy is evolved.

19. Which of the following statements is incorrect with regard to a galvanic cell?
(1) Cell reaction is spontaneous. '
(2) Cell produces electrical energy.
(3) Cathode is negatively charged.
(4) Reduction half-reaction occurs at the cathode.
(5) Oxidation half-reaction occurs at the anode.

20. Which of the following is mot a resonance structure of bromobenzene?
I

oy o™ oo et oo

21, Under which of the following conditions of temperarure and pressure, would a reai gas tend

j behave as an ideal gas?

[‘ Tenmperaturae Pressure
( (1) Very high Very high
i (2) Very high Very low
:i 3 ey ew Veiy high
! Ay Moy L Very fow
! =1 all TR ranITes Verv low

20 Two Wdenucal closedd righd containers at standant @mparatuic and presstire Coiiain O el o

aud 2.0 mol of O,g). Wluch of the lollowing is true ol the above two systems?
(1) Both H,(g) and O,(g) have the same average kinetic energy.

(2) Both H;(g) and O;(g) have the same average speed.

(3) Both H,(g) and O,(g) have the same mass.

(4) Both H,(g) and O;(g) have the same density.

(5) Both H,(g) and O,(g) have the same effusion rate.

[See puge me
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b AL A temperature of 25 %0 ihe £y of (e reaction A7.0,48q) — LH Oy +U4Z) ocemmng 18 |
: an ¢lectrochemical cell is +0.55 V while the half-reactions of this process are,
: 0,(g) + 4H"(aq) + 4 — 2H O s (1), B =123V
0,(8) + 2H"(aq) + 2¢ — H;0,180) sssamsnens @) E =2

| The standard reduction potential E; of reaction (2) is

(1 -178V (2) -0.68 V (3) 000V (4) +0.68 V (5) +1.78 V
o = _J
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26.

27,

. Consider the major product of the clectrophilic addition reaction between CH,—CH=CH. w1 HBr.

. Consider a gaseous equilibrium reaction at constant temperature taking place in a closed system.

AL 25 °C the molar entropy change of dissolution AS'Jim' of the solid X(s) is 70 J K=" mol™', and
the molar entropy of X(s) is 100 J K=" mol"'. Which of the following gives the molar entropy
J K" mol™y of X(aq)?

) =170 ) =30 3) 0 (4) +30 (5) +170

Which of the following shows a correct step in the mechanism of the reaction which” gives the
major product?

() CH,—CH,—CH, Br

» CH,—CH,—CH,—Br
_ + +
() CH,—CH=CH, H —— CH,—CH,—CH,
+ -
(3) CH,—CH=CH, H—Br — CH,~CH-CH, + Br

(4) CH,—CH=CH, H—Br — CH,—CH,—CH, + Br_

2 .
(5) CH,—CH—-CH, Br —— CH,—CH-CH,
3 I 3

Br

When doubling the pressure and volume of the system the equilibrium constant of the system,

(1) becomes one-fourth (%) (2) becomes halved (%)

(3) remains the samc. (4) becomes doubled.

(5) becomes four times.

Magnesium nitride and lithium nitride react with water according to the following equations.
Mg.N, (s) + 6H,0() — 3Mg(OH),(aq) + 2NH,(g)
Li;N(s) + 3H,0(/) — 3LiOH (aq) + NH,(g)
A mixture containing three moles of magnesium metal and an unknown amount of lithium metal
was reacted completely with excess N, gas. When the product mixture resulting from this reaction

was completely reacted with excess water, 44.2 g of NH, gas was produced. The mass of lithium

in the metal mixture is,
(H=1,Li=7 N=14, Mg =24)
(1) 18¢g (2) 42 ¢ (3) 126 ¢ 4) 142 ¢ (3) 202 ¢

Ammonia can be synthesized at high temperatures as shown by the following unbalanced chemical
equanion.

NO(g) + H,(g) — NH,(g) + H.O(g)
The maximum amount of NH, in grams that can be synthesized from 450 ¢ of NO and 120 ¢
of H, is i '
(Relative molecular mass: H, = 2, NO = 30. NH, = 17)

(See page six
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29, What could be the major product of the following reaction?

CO,CH,
D CXCOSS N:\BHJ
CH—CH=ClI, methanol
l 2
CHO
CH,0H ?li]OH Lll‘)jclH5
B 0 i
i CH—CH=CH, ) ()\CH——CH CH, (3) O\(I,H_CH CH,
i 2
CH,OH (“HO CHO
CH,OH CO,C,H,
) SR CH,—CH, %) CH—CH=CH,
I 2 ;
CH,OH CH,OH
30. Consider the reaction 30,(g) = 20,(g), (K. =20x 10 30 mol~! dm?) at temperature 25 *C. O (g)
0.50 mol and O, (g) 0 005 mol were m\cr(ed into an evacuated closed rigid 1.0 dm? container !
25 °C and the system was allowed (0 reach (he equilibrium above. Which of the following bey
descnibes the system approaching equilibrium at 25 °C7
(Q. is the reaction quotient)
(1) The amount of O,(g) increases to reach the cquilibrium because Q- < K&
(2) The amount of O,(g) decreases to reach the equilibrium because Q. < K.
(3) The amount of O}(g) decreases to reach the equilibrium because Qc > K,
() The amount of O,(g) increases to reach the equilibrium because Q. > Kg
(5) The amount of O,(g) does not change because Q.= K. |
" - |
O For each of the questions 31 to 40, one or more responses out of the four responses (a), (b)‘i
() and (d) piven is/are correct. Select the correct response/responses. In accordance with the |
struciions given on your answer sheet, mark
(1) if only (a) and (b) are correct. i
(2) if only (b) and (c) are correct. r
(3) if only (¢) and (d) are correct. ‘[
(4) if only (d) and (a) are correct.
(5) if any other number or combination of responses is correct.
Summary of above Instructions
e8] (2) (3) (d) (5)
Only (@) and (b) | Only (b) and (¢) | Only (¢) and (&) | Only (d) and (a} Any other number or
combination of responses
are correct are correct are correct are correct is correct
30, For o aiven chemdea! reaction, which of the following is/arc affccicd by e wuipéiaiine:

() Collision frequency of reaciant molecules ()

Srapdard enthalpy change of the reaction at 25 °C ()

[l ]
e
tallowing reacinn
O/

Which- of the following ions is/are formed while this reaction is taking place?

54, c~onsider the mechapizm or the

@ Ci rrc\_l

Kinetic energy of collidinz incieculz;

N B pspen B ey ol ] = el
ACHVAdOoNn iy O uw cfaluoun

(a) FeCl,

+
(b) FeCl,

cl H Cl N
(© @40 %) E’jiH \
|

[See page sever
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W, At2SCoal0 dm’ aqucous solution of lead jodidc (Pbl,) in cquilibrium with un cxcess ol soliy
lend iodide contains a mol of PbZ*(nq) ions. Which of the following is/arc correet for this system?
(@) The amount of sz*(uq) will be 2a mol when the volume is doubled.
(») The concentration of Pb*(aq) will be 2a mol dm™ when the volume is doubled.
(&) The amount of sz*(nq) will decrease when a small amount of solid Nal(s) is added.

4 The amount of Pb?*(aq) will be < mol when the volume is doubled.
( 2

34, Which of the following statements is/are correct with regard to the compounds/ions formed by
| d block clements that belong (o the fourth period?
‘ (a) Cr,0, is cxpected (o react with strong acids and strong bases.
(b) When NaOH(aq) is added to solutions containing Fcz“(ﬂq), Fe**(aq), Mn**(aq) and NiZ*(aq)
precipitates which are insoluble in excess NaOH(aq) are {ormed.
(¢) Both KMnO, and K.Cr,O, are strong oxidizing agents capable of converting H,0, to O, pus
under acidic conditions.

(@) The TUPAC name of [CuC14]2” is tetrachlorocuprate(Il) ion.

|35, Which of the following statements is/are correct?

" (a) The boiling point of propanoic acid is higher than that of I-butanol.
(b) The boiling point of pentane is higher than that of 2-methylbutane.
(¢) The boiling point of butanal is higher than that of 1-butanol.
(d) The boiling point of hexane is higher than that of I-pentanol.

36. Which of the following statements is/are correct with regard to nitric acid (HNO,) and its salts?
(a) Both dilute and concentrated HNO, act as oxidizing agents.
(b) Thermal decomposition of NH,NO, gives N,O and water.
(¢) N—O bonds of HNO, are all equal in length.
(4) Cardon does not react with concentrated HNO, even when heated.

37. Which of the following statements is/are correct regarding the ozone layer?
(a) 1t 1s a region in the upper atmosphere (stratosphere) where only ozone is present.
() It 1s a region in the atmosphere where atomic oxygen is abundant.
(c) It is a region that prevents ultra-violet radiation that is emitted from the sun from reaching
the earth surface.
(d) Tt is a region where ozone breakdown only occurs via a chlorine free radicul mechanism,

38. A 100.00 cm® volume of 0.135 mol dm™ aqueous solution of methylamine (CH,NH,) was shake.i
thoroughly with 75.00 cm® of water immiscible organic solvent in a closed bottle at 25 °C, ard
allowed 1o reach equilibrium. When 50.00 cm? of the aqueous layer was tiirated with 0.200 mol dni
HCI solution, the end-point was 15.00 cm’. No reaction occurs between methylamine and organic
solvent. Which of the following is/are correct?

(a) Parttion coefficient K of CH,NH, between organic and aqueous layers is 1.67.
(b) Partition coefficicnt K, of CH,NH, between organic and aqueous layers is 4.67.
(¢) CH,NH, is more soluble in the aqueous layer.
(d) CH,NH, is more soluble in the organic layer.

F 39. Which of the following statements is/are correct with regard to dissolved oxygen level of waler |
in water bodies.

(@) Composition of dissolved oxygen in water is the same as that of aumospheric oxygen.
(b) Dissolved oxygen level in water decreases due to eutrophication.

(c) HIS could be produced in water when the dissolved oxygen level in water is high.
(d) Aquatic plants contribute to the dissolved oxygen level in water via photosynthesis.

X B

|See page eigiu
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41.

42.

43.

45,

46.

47,

48.

49.

50.

40. Which of the following stalements is/are correct regarding the given industrial processes?

(a) Coke, a raw materal used in the extraction of iron by the Blast Fumance, functions on
as a rcducing agent.

(b) A raw material used in the extraction of magnesium (Dow Process) can be regenerat
utilizing a by-product formed during the clectrolysis step.

(¢) In the manufacture of high purity TiO, using rutile, inorganic impurities are removed in |
chlorination step.

(d) The manufacture of nitric acid using Ostwald method uses Fe as the catalyst.

In question Nos. 41 to 50, wwo 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 (8
that best fits the two statements and mark appropriately on your answer sheet.

—

Response | First Statement Second Statement
N True True, and correctly explains the first statement ]
(2) True True, but does not explain the first statement correctly
3) True False
)] False True
(5) False False .
First Statement Second statement

The decreasing order of the acid strengths of
oxoacids of chlorine is
HCIO, > HCIO, > HCIO, > HOCl

When the oxidation number of the chlorine atop,
in the oxoacids of chlorine increases, the acidity
the oxoacid increases.

When H,S gas reacts with an acidic solution of
K2Cr207, elemental sulphur is formed.

H,S gas can act as a reducing agent in acidj
medium.

An electrochemical cell based on the reaction
CL(g) + 2I"(ag) — 2Cl(aq) + L,(s) can be
used to generate electricity.

CL (g) is a stronger reducing agent than L (s).

Grignard reagents react with water to give
alcohols.

The carbon atom of the carbon-magnesium bopq
in a Grignard reagent has a partial negative
charge.

While diazonium salts formed from aniline are
stable at low temperatures (0—5 °C), diazonium
salts formed from primary aliphatic amines are
unstable at these temperatures.

The lone pair of electrons on the nitrogen
atom of aniline is delocalized on the benzene
ring.

The enthalpy change would be zero when an
ideal binary liquid mixture is formed by two
completely miscible liquids at a given temperature.

At a given temperature, all intermolecular
forces that exist in an ideal binary liquid
mixture are equal.

When a pH value of 6.5 is reported in rain
water, it is considered as acid rain.

Lowering of pH to below 7 in rain water occurs
only due to the dissolution of the acidic gases
SO, and NO,.

Ata giventemperature, the half-life #),, ofa first order
reaction is given by the equation t,, =0.693/k

where k is the first order rate constant.

In a first order reaction with ty, =50s, 87.5%
of the reaction is completed after 150s.

In the manufacture of NH, gas by the Haber-Bosch
process temperatures higher than 600 °C are used.

The activation energy of NH, gas producing
equilibrium reaction in the Haber-Bosch process
decreases with increasing temperature.

Bakelite is classified as an addition polymer.

Bakelite has a three dimensional network structure.

I—

[See page nine
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PART A — STRUCTURED ESSAY '
Answer all four questions on this paper itself. (Each question carrics 100 marks.) '

P

1. (a) State whether the following statements arc true or false on the dotied lines. Reasons arc
not required.

(1) The Lyman scries observed in the emission spectrum of atomic hydrogen
lies in the ultra-violet region of the clectromagnetic speetrum.

(i) There are only JO clectrons in a calcium atom with the azimuthal
quantum number /=0..

(if1) The number of Lewis dot-dash structures (resonance structures) that
can be drawn for the N,O molecule is 3.

(iv) Among thc sccond row elements of the Periodic Table, fluorine has
the largest negative value of electron gain energy.

(v) The boiling point of argon (Ar) is higher than that of chlorine (Cl,).

(vi) Ne has the highest first ionization energy, among the noble gases
He‘ NC ﬂ.ﬂd AI‘ ..................

(24 marks)

(b) (i) The skcleton of a molecule containing only the elements N, F and S is given below.
Draw the most acceptable Lewis dot-dash structure for this molccule.

]
F—N—-S—F

(i) Give, (I) shapes around the N and S atoms and (II) oxidation numbers of the atoms
in the structure drawn in (i) above.
(D) N i esisimms s ; S e (shape)
(M) N oo , S i v e R (oxidation number)

(ii1) A Lewis dot-dash structure for the NO; ion is given below. Draw three more Lewis
dot-dash structures (resonance structures) for the NOj ion .
:(_I):
S}
e ve ..9
:0—0—N—0:
o g -

(iv) Complete the given table based on the Lewis dot-dash structure and its labelled skeleton

given below.
j H

© 9 . |
H—C=N—-—N-—-N=N H—C!'—N2—N3—N*—N

Cl N2 NJ N¢

the number of VSEPR pairs around the
atorn

I1.| electron pair geometry around the atom

III. | shape around the atom
L IV.| hybridization of the atom o

(<ee page ihre
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T Du nes

o DAty (V) 1o (viii) are based on the Lewis dot-dash structure given in purt (iv) above. hwrie
Labelling of atoms is as in part (iv), SLIL:;\FH

() Identify the atomic/hybrid orbitals invalved in the formation of ¢ bonds between the
two atoms given below.

I H—! H o B o RS O
I C'—N2 i, BRI osomn s il sl
. N—N? N2 NY e
IV.  N'—N! N N

V. N'—N N4

(\1) Identify the atomic orbitals involved in the formation of s bonds between the atoms
given below.

L C'—N2 Qo N2 e
0. NY—N NY N oo
N e N oot

(viii) Amange the atoms N? N*® and N*in the increasing order of their clectronegativity.

............ < e, (56 marls)

(¢) Arrange the following species in the increasing order of the property indicated in parentheses.
Reasons are not required.

(i) CaF,, CaCl,, CaBr,, Cal, (ionic character)

[see pagz four
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2. (a) The quettions (1), (1) and (i) arc based on the following reaclions. Wy,
. g 1N,
A 1< an ronge compound composed of Thice clements in the ratio 1:4:1 (Not in order of | '

Yars

the chenucnl formuln). One of theee i< n J-block clement thal belongs to the fourth penod
of the Penodic Toble. When A is subjected 1o the flame test, a lilac (purple) flame is
obwerved. On dizcolving A anowaler, a pumle coloured solution is obtained.

N ic alwo an ionic compound composed of the same (hree clements as in A B dissolves
i water (0 give n green coloured solution.

C iv 0 viscous colourless Tiquid composed of two clements, It disproportionates to give
another colourless liquid D as one of the products. C can act as an oxidizing ogent os
well as a reducing agent. When C is added 1o a solution of B. the brown precipitate E is
obuwincd.

F is a compound composed of three clements. One of these clements is a 3d clement found
in hematite. When BaCl,(aq) is added 1o an aqucous solution of F, the white precipitate G
that 1y insoluble in dil, H,SO, is formed.

H is composed of (hree clements. When an aqueous solution of H in a test tube is treated
with a sawrated solution of F, followed by addition of a small volume of conc. H,SO,
slowly. along the wall of the test tube, a brown colouration is seen on the surface where
the liquids mect. The specics responsible for the brown colourntion is 1. Brown fumcs arc
not cvolved when dil. H,SO, is added 1o H. When H is subjected to the flame lest. a

yellow flame is observed.

J is the sodiom salt of a weak dibasic acid. On treatment of a solution of J with CaCl,(aq),
the while precipitate K is formed. K reacts with dil. H,SO, 10 give the weak dibasic acid
L as one of the products. A warm solution of J acidified with dil. H,SO, decolourizes an
aqueous solution of A.

(1) Identify A to L. Note: Write the chemical formulae.

A e G oot
B oo H oo
B orurmessae e e i i | O —
D oo T e
E oo K oo ‘
B i i B SR L o

(ii) Give balanced chemical equations for the following (physical states not required),

I. Formation of D from C.

iI. Formation of I.

[1I. Formation of K.

)

[see puge fie
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) Give balanced ionic equations for the renctions that tnke place when A s added 1o the {wnie

following solutions (physical states not required). in thin
column,

1. an acidified solution of C

1. an aqueous solution of F acidified with dil. H,SO,

1. an acidified solution of J

(80 marts)

(b) Give balanced chemical equations for the reactions that take place between the following
(physical states not required). State the function (oxidizing agent/reducing agent) of H,S and
SO, in reactions (i)—(iii).

(1) Mg(s) and H:S(g) ........................................................................
B8 i invsvan s comamamas sesman van s s e §8 58 8 65 8

iy Mals) and SOH0r)  cssiesessasennnas e s B RS AN A MU VNI HONS S e
P T T AT

(i) H,S(g) and SO,(g) ..o TSRS
1 5. S Bt i i s sviens wwsemens e

(iv) S(s) and conc. HNOL(BQ) .......cues souusonnensssnsns esnes s so pon o3 550 a0n0n pmes vusweas sanes FO—

@) (i) A closed container equipped with a piston contains a given mass of an idcal gas at a
constant temperature 7', Give the relationship between pressure P and volume Y of the

| |

sal UDINE & mauicmaiical CApPlEssion. : :

1 1

! |

\ .

[ |

| )

i i

PRS- T R [ SR R T . by ot Y O T & v ey T A R iy = !
(il Show that ihe 'jc’l]SLL}‘ J ool the 1deal Sus Ll 2Dove, Al 4 constant thabpclailine g m: |

directdy proporuonal to the pressure P.

J

[see page six
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D

(1) Show  (he variation ol P with Vol the system in (i) above at (he (wo diflarene|wr
teniperniures of 300 Koand 500 K, by drawing «wo graphs in the figure given below. |™M
Indicate clearly the temperature corresponding to cach graph.

P

ol

—
% (30 rarasies)

(b) Depletion of O,(g) occurs according to the mechanism given below in the presence of Cl(g)
and O(g) atoms, _
Step 1: O4(g) + Cl(g) —> 0,(2) + ClO(p)

Step 2: ClO(g) + O(g) —> Cl(g) + O,(g)

(i) Write the overall reaction for the mechanism given above.

(ii) Giving reasons, identify the catalyst and the intermediate product of the above mechanisin,

(iii) The following graphs were obtained from an experiment carried out in relation to the
overall reaction in (i) above at temperature 7. Rates and concentrations arc measured
in units of mol dm ? s! and mol dm™ respectively.

raie rate
/s ; e
// ,//
[0,(2)] [O(e)]
Graph 1 Graph 2

Graph 1 was obtained by keeping [O(g)] constant.
Graph 2 was obtained by keeping [O,(g)] constant.

[. With the help of graphs 1 and 2, deduce orders of the reaction with respect te Q (o)
and O(g). What is (e overall order of e reaction? |

II. If the rate constant of the reaction is k at temperature T, write the rate law of the
reaction.
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1. Denve the units of 4.

1V, In an experiment carried out at (emperature 7, the concentrations of O4(g) and Og)
were 1.0 x 107 mol dm= and 1.0 x 10 mol dm™ respectively. The ratc of he
reaction was found o be 1.0 x 10~ mol dm= s~'. Calculate the valine of /

(70 maries)

@ A, B and C are hydrocarbons having the molecular formula C¢H . None of them show
geometric isomerism. Both A and B arc chain isomers of C. When A and B are separately
treated with cold concentrated H,SO, and the products obtained are diluted with water and
heated, D and E are formed respectively. Of the two compounds D and E, only D shows
optical isomerism. On catalytic hydrogenation, both compounds A and B give the same
compound I, while compound C gives G. When B reacts with HBr in the presence of
peroxide, H which is a primary alkyl halide is formed. Compound H when trcated with
aqueous NaOH gives 1.

(i) Draw the structures of A, B, C, D, E, F, G, H and I in the boxes given below.

] _ _
-
i
C D
- E - F
l_ i
l
|
| |
| !
L L 5
G T
I

aiaan |
Do not
wrile

in this
L':/|ll||||l.

/N

100

[see page eight
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(i) Deseribe a chemical test o distinguish ¥, & and T from one another.

(0 (i) Draw the suuctures of the products J, K, L, M and N of the following rcactions (I-V)

in the given boxes.

CH

3

(M

0
I

(I @c\OH

CH,

a1 |
CH,C=CH,

O

v [
M) cn,com,cn,

CH,
V)

CH,CH, CHCH, Br

Hiy Salecring trom the eactions 1=V, oive

_:;V\'.(l Lictaw,
Nucleophilic addition
Electrophilic addition

Elimination reaction

l
CH,CHCH, CH, Br

alcoholic KOH

conc. H.NO,/COnC. H2504

HBr

HCN

KCN

Uy
v/n
ni
ol
(60 1marfcs)
J
K B ]
L
- — ==
M
- ]
ome example each, foar eacly rvoe of peacriag!
i
I(
(40 1narto)
[see poics
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Chemistry 11

¥ Universal gas constant R.= 8.314 J iK"T mol™!
* Avogadro constant N, = 6.022 x 10* mol™

PART B — ESSAY

Answer two questions only. (Each question carries 150 marks.)

|-

5, (a) Consider the reaction (1) given below at a temperawre of 800 °C.
H(g) + 1,(8) 5= 2HI(E) «ermmmemmemeem (1)

Initally, 0.45 mol of HI(g) was introduced into a 1.0 dm® evacuated rigid closed container at

800 °C, and allowed to reach the equilibrium given above. It was found that 0.05 mol of H,(g)
was present at equilibrium.

(i) Calculate the equilibrium constant K , for the above equilibrium at a temperature of 800 °C.

(i) In a separate similar evacuated container at a temperature of 800 °C, reaction (2) takes place
with an equilibrium constant K., = 1.2 x 108 mol™!' dm’.

2H,(g) + S,(g) = 2H,S(g) -------mmmm- (2)

When the two containers are connected together, the following reaction (3) takes place al a
temperature of 800 °C,

2L,(g) + 2H,5(g) = S,(g) + 4HI(g) -----mmmmvmv (3)
Calculate the equilibrium constant K, for the reaction (3) at a temperature of 800 °C.
(iii) A 1.0 dm’ rigid closed container at a temperature of 800 °C contains an equilibium mixturc of

(3) in (ii) above with 5.00 x 10~ mol HI(g), 1.25 x 10 mol S,(g) and 2.50 x 1075 mol H,S(2).
Calculate the number of moles of Iz(g) in the above mixture.

(iv) An extra 2.50 x 1075 mol Iz(g) was added to the equilibrium mixture in (iii) above at a
temperature of 800 °C.

I. Calculate the reaction quotient (Q.) at the moment the extra 1,(g) is added.
II. Explain the change in the equilibrium that takes place upon the addition of extra L(¢).

II1. Sketch the variation in the concentrations of each constituent in the mixture, with tine,

upon the addition of extra 1,(g). ool il

(b) (i) Using the data given below, calculate AH®, AS” and AG” for the reaction (4) at 27 “C.

Hy(g) + 1,(g) — 2HI(g) -------------- 4
At 27°C: Hy(g) + L(s) = 2HI(g) ; AH® = 53 kJ mol™', AS® = 410 J K™! mol"!
L(s) —> 1,(g) T AH® = 63 KJ mol™!, AS® = 260 J K™! mol™!
(ii) Using the data given below, calculate AH®, AS®and AG® for the reaction (3) at27 °C.
2H,S(g) —> 2H,(p) + Sy(@) - (5)
At 27 AH/KJ mol™  AS} /1K™ mol™
Hyg) 0 130
S,(p) 127 230
H,S(g) : -20 200

[see page en
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A

6.

(1) Using the answers obtined in (b)(i) and (b)(i1) above, predict giving reasons whether
rcaction (6) below is spontancous or not at 27 °C.

21,(p) + 2H,5(R) —> S,(g) + 4HI(R) ------m-- ()
(60 rmarleg

(¢) An aqucous solution of volume [0 dm? in a beaker at a (cmperature of 25 °C conlaip
20 x 102 mol of Cl(aq) ions and 2.0 x 10°2 mol of CrOﬁ'(nq) jons. Small portions ¢
concentrated aqueous AgNO, solution were added slowly to the above solution. At 25 <¢
K., (AgCI(s)) = 1.60 x 10710 mol? dm~¢ and K,, (Ag,CrO,(s)) = 8.0 x 10~ mo!’ dm™. Assum,
that there was no significant change in solution volume upon the addition of AgNO,(aq) solutiog,

(1) Show that AgCl precipitates first by a suitable calculation.

(ii) Calculate the concentration of Cl7(aq) ions present in the solution at the tme Ag,CrQ

starts to precipitate.
(30 marks)

(@) You are provided with an aqucous solution of sodium acetate (CH,COONa) at 259C,
(i) Write the cquilibrium reaction for the hydrolysis of sodium acetate in aqueous medium,
(ii) Write the expression for the equilibrium constant K, of the equilibrium in (i) above.

(iii) If the dissociation constants for CH,COOH (aqg), and H,O (1) are K and K respectively

K\V

K,

(iv) Given that, K = 1.8 x 10~° mol dm™ and K = 1.0 x 10~ mol® dm™% at 25 °C, calculate (he
value of K| at 25 °C.

(v) A portion of 25.00 cm® of 0.10 mol dm™ CH,COONa solution is titrated with a solutiop
of 0.10 mol dm™ HCIl. What is the volume of 0.10 mol dm™* HCI required to reach lhc‘
equivalence point? Calculate the pH of the solution at the equivalence point.

at 25 °C, show that K, =

(vi) Sketch the titration curve (pH vs. volume of HCI) for the above titration in (v). !
(vii) State an indicator which can be used for the titration in (v) above.

(viii) Explain why it is not possible to titrate a 0.10 mol dm™> CH,COOH solution with 4 solution

of 0.10 mol dm™ aqueous ammonia.
(90 inarks)

(b) An idcal binary liquid mixture was prepared by mixing two volatile liquids A and B at a
given temperature. When the composition of the liquid phase was X, =0.2 and X, = 0.8, the
pressure of the vapour phase was P (X, and X, arc mole fractions of A and B respectively
in the liquid phase). When the composition of the liquid phase was changed to X, =0.5 and

Xy = 0.5, the pressure of the vapour phase becomes %1’. At this temperature, saturated vapour
pressures of A and B are P, and Pp respectively.
(i) Show that P, =5Py.

(ii) Draw the corresponding composition - vapour pressure diagram for the mixture of A and
B by showing the varations in PA, PB and P . and label the diagram.

(i) Calculate the composition of the liquid phase at the point where P, = Py.
(60 marks)

—

(see page eleven
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(b)

7. (@) A galvanic clectrochemical cell was constructed at 25 °C bascd on the following hall !cu:linuj

(1) and (2).

=

(

(i1)
(iii)
(iv)

(V)

@

()

2H,0(1) + 0,(g) + 4c — 40H (aq) - - (1) E° =040V
LHO() % 25 —* H.(g) + 20H(2q) »=msoen-rnmn (2), E°=-0.83V
Idenufy the anodic and cathodic half reactions of the cell.

Write the overall balanced ccll reaction of the cell,

Caleulate ELy of the cell at 25 °C.

The cell was operated for a duration of 600 s. During this period, 1.0 mol H,(g) was consumcd.
1. Calculate the number of moles of clectrons which passcd through the ccll.

[1. Calculate the amount of clectricity (in coulombs) gencrated in the cell during its
operation (1 F = 96500 C mol™).

[1I. Assuming that the current drawn from the cell is constant during the operation, calculate
its value.

In the above galvanic electrochemical cell propane (C,Hy(g)) is used instead of M,(g).

[. Write the half-cell reaction for the propane electrode assuming propanc is convericd
to CO,(g) and H,0().

Il. Derive the balanced equation for the overall cell reaction by using propanc instcad of
H,(g) in the answer given in (ii) above.

Il Giving rcasons, state one environmental advantage of the cell which uses H.(g) over
the cell that uses propane. (75 markss
X is a d-block element that belongs to the fourth period of the Periodic Table. On reacting
X with dil. HCI, the colourless solution X and the gas X, arc obtained. When X, s
treated with dil. NH,OH/NH,Cl and H,S is bubbled through the solution thercatter, il
while precipitate X, is obtained. X, is soluble in dil. HCL. On addition of dif. NaOH
X,, the gelatinous white precipitate X, is formed. X, dissolves in excess dil. NaOH and
in excess dil. NHOH to give X, and X respectively. Both X, and X aie colourless.

I. Identify the species X and X, to X;. (Give chemical formulac) Note: Reasons are nol
required.

J1. Write the electronic configuration of X.
lIl. Explain why X, is colourless.
IV. Write the TUPAC name of X.

¥ is also a d-block element that belongs to the same row as X in the Periodic Table Y
has (wo common oxidation numbers m and m. m is greater than n. Y™ forns the pro |
coloured species Y, in aqueous solution. On treatment of the solution contaiuiry ¥ owi
dil. NaOH the pink precipitate Y, is formed. When H,S is buboled thiough « shyhit..
basic solution containing Y,, the black precipitate Y, is obtained. The yellowish-brovs,
species Y, is formed on addition of cxcess conc. ammonia to a solution contzining ™
On treatment of a solution containing Y, with conc. HCl, the blue coloured species ¥, o
obiained. On exposure of Y, to air, the brownish-red species Y is foricd.

[. Give the values of m and m.

I1. Identify the species Y and Y| to Y. (Give chemical formulae) Note: Reasons arc not
required.

[il. Write the clectronic configurations of Y™ and Y™

IV. Write the IUPAC name of Y,. (758 marks,

P — —

[sec puge nvelve
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CPART C —  FSSAY

Ancwerr mwo guetnions only. (FFach quettion carrire 150 marks.)

K. (o) Treparntion of the compoand Fohas been cammied out using CILC=CH and (CH 1, CH Cxe;,
according to the renction echeme given befow,

Ny
R| R) l

CH,C=CH —= A —1= CH,CHCH,

n O

R, R, |
D——s [ —> CH‘CH—CH — CHJC"H - CK
N l
R

CH,CH—-CzCl ———= ¢ CH, CH,

| F
CH 3

(1) Give the structures of the compounds A, C. D and E and the reagents Ry, Ry Ry R
and R,.
Only the chemical substances given below should be used cither singly or as combinaticy,
2% Teagents.

Chemical substances: 1
H]. T\'aNH:, NaBH , HpSO,, HBr, dil. HZSO_J. Pd—BnSO4/QuinoIinc catalyst, CH]OH

(11) Compound F was reacted with H*/KICrZOT. When the product oblained from this recactag
is reacted with 2, 4-dinitrophenylhydmzine (2,4-DNP), compound G is formed. Give t¢
structure of G.

(60 martn

h) (i) Show how the transformation given below can be carried out using not more than four (04

sleps. CHZOH

0 — Q,

(ii) Show how the transformation given below can be carried out using not more than three (03)
steps.
P OH

|
CH,CH,OH ———— CH,CHCH,CH,0H

(60 marts)

(¢) Give the structure of the product H of the following reaction, Write the mechanism of this reaction,

NaOH |
cuchcocl P TETS g

I

CH,

(30 miarks)

1
e, _J

[see page thirieen
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(b)

)
A and B arc water soluble inorganic compounds, A is coloured while B is colourless. When
aqueous solutons of A and B are mixed together, the white precipitate C and the water soluble
compound D are formed. C dissolves in dil. HCI to give the gas B with a pungent smell as
one of the products, When E is passed through a solution of acidificd K,Cr,0,, the solution
wms green. Addition of dil. NH,OH to an aqucous solution of A gives a green precipitate I',
F dissolves in excess dil. NH,OH (o give a dark bluc solution G. A black precipitate is formec
when H.S is bubbled Lhrough an aqucous solution of A to which NH,OH/NH CI has becen
added. On nddition of AgNO,(aq) 1o an aqucous solution of B, a wh:tc prccnpltatc H that is
soluble in dil. NH,OH is formed. Addition of Pb(NO,),(ag) to an agucous solution of B gives
a white precipitate 1 that is soluble in hot water. When dil. H,SO, is added to an aqucous

solution of B, a white precipitate J that is insoluble in dil. HCI is formed. B gives a grecu
coloured flame in the flame test.

(i) ldentfy the species A to J. (Give chemical formulae) Note: Reasons are not required.
(1) Write balanced chemical equations for the following.
[. Formation of C and D

I1. Dissolution of C in dil. HCI1
(75 marks)

An iron ore, X, contains FeO, Fe, O, and inert substances. The following experimental procedure
was used to determine the mass percentages of FeO and Fe,0; in X.

A mass of 04800 g of X was dissolved in 10 cm® of concentrated acid. This solution was
filtered to remove insoluble matter, and thereafter diluted to 50.00 cm?® using distilled water. This
entire diluted solution was (ilrated with 0.020 mol dm™ KMnO, solution. The titration rcading
at the end point was 20.00 cm’. The pH of the entire solution, obhuned after the titration, was
raised to 12, At this stage, the metal ions in solution were precipitated as their hydroxides.
The precipitate was filtered and dried until a constant mass was obtained. The mass of the
precipitate obtained was 0.5706 g.

(1) Wnte balanced chemical equations for titration and precipitation reactions.

(1) Calculate the mass percentages of FeO and Fe,O, in X,
Note: Assume that the composition does not Lhangc during drying of metal hydroxidcs
and there is no effect from dissolved oxygen in solution.
(H=1, O0=16, Mn =55, Fe =56)
(75 marks)

(sce page fourteen
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10.(a) The following questions [(i) - (V)] are based on the manufacture of sulphuric acid by the ¢

IProcess. onty,

(i) State the three raw materinls used.

it Pod . ' '
(ii) Write balanced chemical equations, for the reactions taking place. State prope

rce T
where necessary., UM""‘H

(iti) State two strategies used to incrense the efficiency of the Contact Process,

(iv) State two principles used in the determination of the optimum conditions for the Copy,
Process and briefly explain each principle using a reaction you specified in part (ij) “fn;:.:
e

(v) Name two industries which utilize sulphuric acid as a raw material,
(50 mary,

(b) Gascous compounds of carbon, nitrogen and sulphur with various oxidation numbers direcy,
contribute to global environment issucs, /

(i) Namc two non-halogenated carbon compounds and one nitrogen compound that direey]
contribute to global warming and state the oxidation numbers of C and N in lhc'i
compounds. ]

(ii) State how the three compounds you named in (i) above are released to the atmosphere
due to human activitics, {

(iii) Explain how the compounds you mentioned in (i) above contribute to global warming, :
(iv) Name two nitrogen compounds with the oxidation numbers of N that directly conuibutcl
to photochemical smog.

(v) Write balanced chemical equations for the formation of tropospheric ozone by a nitrogen
compound you stated in (iv) above.

(vi) Explain why the tropospheric ozone level reaches its maximum level in the afternoon.

(vii) State three water quality parameters that are affected as a result of the dissolution of

oxides of nitrogen and sulphur in water bodies.
(50 marks)

(c) The following questions are based on chemical products related to plant sources.

(i) Give relevant balanced equations to indicate the chemical changes that take place when
cthanol in coconut toddy is produced by fermentation of sweet toddy.

(ii) Explain why it is necessary to remove frec fatty acids from plant oils taken as raw materials
in the production of bio-diesel.

(iii) Explain briefly why cssential oils can be extracted from plant materials by steam distillation,
at a temperature which is below the boiling points of both pure water and essential oil.

(50 marks)

it A 4

— )
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