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Instructions:

Periodic Table is provided. i

This paper consists of 09 pages. A awﬁﬂ

Answer all the guestions. —

Use of calculators is not allowed.

Write your Index Number in the space provided in the answer sheet.

Follow the instructions given on the back of the answer sheet carefully.

In each of the questions 1 to 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 with a cross (x) in accordance
with the instructions given on the back of the answer sheet.

# oA e o

Universal gas constant R = 8314 J K™ mol™ Planck’s constant & = 6.626 x 107 Js
Avogadro constant N, = 6.022 x 10* mol™ Velocity of light ¢ = 3 x 10° ms™

1. Select the correct statement with regard to particles associated with cathode rays observed in a
cathode ray tube.

(1) The particles are uncharged.
(2) They travel from anode to cathode along straight lines.

(3) Their charge to mass ratio = depends on the nature of gas and pressure inside the cathode
ray tube.

(4) Their direction of travel is affected by magnetic and electric fields.

(5) They are not capable of ionizing the gas inside the cathode ray tube.

2. Which of the following statements is incorrect with regard to an energy level of an atom with
principal quantum number (n), n = 37
(1) There are 3 sub shells associated with it
(2) There are 9 orbitals.
(3) There can be a maximum of 18 electrons.
(4) There can be a maximum of 10 electrons with angular momentum (azimuthal) quantum
number ([), I = 2.
(5) There can be a maximum of 8 electrons with magnetic quantum number (m), m, = 0.

3. The decreasing order of the first ionization energy of the atoms H, He, Li, Be, B and Na 15,
(1) He> H > B > Be > Li > Na

(2) He > H > Be > B > Li > Na
(3) He > Be> H > Li > B > Na
49 H > He>,B > Be > Li > Na
(5 H > He> Be > B > Na> Li

4. The shapes of IF: . IFy and IF, are respectively,
(1) see-saw, square planar and square pyramudal.
(2) square planar, See-saw and square pyramidal.
(3) tetrahedral, see-saw and trigonal bipyramidal.
(4) see-saw, tetrahedral and square pyramidal.
(5) tetrahedral, square planar and trigonal bipyramidal.

[See page mwo
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5.

10,

A

What is the ITUPAC name of the following compound?

OH (ﬁH2
H?N—CHZ—CHZ—CH—C—CH?_—-CHE‘

(1) 1-amino-4-ethylpent-4-en-3-ol

(2) 5-amino-2-ethylpent-1-en-3-ol

(3) 2-ethyl-3-hydroxypent-1-en-5-amine

(4) 4-ethyl-3-hydroxypent-4-en-1-amine

(5) 5-amino-2-ethyl-3-hydroxypent-1-ene

Which of the following statements is correct with regard to boiling points?
(1) N, has a higher boiling point than NO.

(2) PH, has a higher boiling point than NH,.

(3) Xe has a higher boiling point than Kr.

(4) CH,CH,OH has a higher boiling point than CH,CH,CH,OH.

(5) CI-{jt'IJ]-{'CH3 has a higher boiling point than CH,CH,CH,CH,.

CH,

M(OH), is a sparingly water soluble solid. The concentration of M**(aq) in a saturated agueous
solution of M(OH), at pH = 80 and at a given temperature is 1.0 x 10 mol deh>. The pH of
a saturated aqueous solution of M(OH), having M?*(aq) concentration of 1.0 x 10 mol dm™ at
this temperature is, -

(1) 40 (2) 50 (3) 60 4) 7.0 (5) 80

Select the correct statement.

(1) The electron pair geometry and shape of SF; are different from each other.

{(2) The increasing order of radii of atoms/ions F~, Mg?*, Al, CI” and K is F- < Mg?* <Cl <Al <K.
(3) The number of resonance structures that can be drawn for nitric acid (HNO,) is four.

(4) CO;j has the longest C—O bond among the molecules/ions CO, CO,, CO5” and CH,OH.

(5) Among the molecules CH,, COCIL, and HCN, the electronegativity of the carbon atom increases
in the order CH, < COClL, < HCN.

A and B are two organic compounds containing C, H and O. When A and B were separately
treated with Br,/H,0, only A gave a white precipitate. The product formed when B was heated
with concentrated H,SO, decolourised Br,/H,0. The organic compounds A and B are respectively,

(1) CH,OH, CH,0H

(2) C,H,CH,0H, CH,CH,0H

(3) C,H,0H, CH,CHCH,0H
CH,

(4) C,H,CHO, C,H,0H

(5) CH,CHO, CH,CHCH,OH
CH

3

The elementary reaction A(g) —> B(g) + C(g) occurs in a closed rigid container at constant
temperature. The initial pressure of the container when only A(g) is present was measured to be
2P,. The pressure of the container after two half lives of A(g) would be,

R R 3R 3R 7R
o 3 ?) % @ 3 @ = & =

—

[See page three
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11. A suitable method to prepare @\ is,
NO,

Br NO, :

o @ conc. HNO, /conc. H,$0, B (1) NaNO, / dilute HCI/0 - 5 °C
NH, (2) Br,/FeBr,

NO, NO,

% (1)NaNO, /dilute HC1/0 - 5 °C (1) NaNO, / dilute HC1/25 °C
@
NH, (2) CuBr NH, (2) CuBr

NO,
Br,
5) @ .

12. Which expression gives the correct volume (cm”) of 70.0% (‘E%] concentrated HNO, acid with
density 1.42 g cm™ required to prepare 300 cm’ of a 0.150 mol dm™ solution of HNO,?
(Relative atomic mass: H=1, N= 14, O = 16)

100 700 0.150 100 63 .0.150
M 14263 1000 >0 @ 1427001000 %

142 . 63 _ 1000 100 . 63 1000 , 1
3 760 %700 *0.150 <% (4 142%7000.150 *300

® { Bt

13. The elementary reaction, A(ag) + H,0%(ag) — B*(aq) occurs in an aqueous solution at constant
temperature. Which of the following graphs correctly represents the relationship between Log(Initial
rate) vs pH at a constant concentration of A(aq)?

Log(Initial rate) Log(Initial rate) Log(Initial rate) Log(Initial rate) Log(Initial rate)

S I | N

1 pH ;H I pH I ;H 1 pH
(1) (2) (3) (4) (5)
14. An excess amount of A(g) and a small amount of B(g) are introduced into an evacuated rigid
container. Then, the following elementary reactions take place at a constant temperature.
A(g) + B(g) = C(g) fast
A(g) + C(g) — 3D(g) slow

Which of the following statements is correct regarding the variation of pressure of the system
with time?

(1) Pressure remains unchanged.

(2) Pressure increases and then becomes constant.

(3) Pressure decreases and then becomes constant.

(4) Pressure decreases and returns to the initial value again.

(5) Pressure increases initially, then decreases and returns to the initial value again.

—

15. The solute A present in volume V of an aqueous solution is extracted twice using 2V V(}Eun?e
portions of a water immiscible organic solvent. The partition coefficient of A between the organic

A 4
solvent and water, !ﬁg—’ = 40. The initial amount of A in the aqueous phase is a (mol). The

(Al i
amount (mol) of A rern?ining in the aqueous phase after the second extraction is,
L a pe-E 2 (.5
2 2 9 ® 13 ST G 3 )
LY

[See page four
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16.

17.

18.

19.

20.

21.

| to give B. When B is treated with acidified aqueqys

Compound A reacts with NaNO,/dilute HC : . ‘ _
reated with Fehling’s reagent A did not give a brick

K,Cr,0., the solution turns green. When t
red precipitate. Compound A could be,
NH NH

NH, 4 2
Tt | |
(1) CH,CCH,C CH, (2) CH,CHCH,CCH, (3) CH,CHCH,CH,CHO
I l “ll
CH, O 0
f‘sz
CH,NH, CH,C(CH,),
) Eil (5)
CHECHzC'HO C[-Ez(I:CHB
|
0

MCI, is a solid which is sparingly soluble in water (K, =1.0x 10-% mol® dm™). Which of the

following is correct regarding a saturated aqueous solution of MCl,?

(1) Evaporation of water from the solution increases M** and chloride ion concentrations of the
solution.

(2) Chloride ion concentration of the solution can be increased by adding NaCl(s).

(3) The solution cannot be acidified by adding HCL.

(4) Chloride ion concentration of the solution cannot be increased above 1.0 x 107 mol dm™.

(5) Chloride ion concentration of the solution can be lowered by adding distilled water and
maintaining the saturated condition.

When a mass of 0.0119 g of KBr is dissolved in 500.0 cm® of distilled water, the K* composition
of the solution in mol dm™ and ppm (mg kg™') are respectively,

(Relative atomic mass: K = 39, Br = 80; density of solution = 1.00 kg dm™)

(1) 10x10™* and 3.9 (2) 1.0x10* and 7.8

(3) 20x 10" and 1.3 (4) 20x 10 and 3.9

(5) 20x10™ and 7.8

The correct reaction relevant to the standard enthalpy of hydration of the sodium ion is,
(1) Na*(g) + OH (ag) — NaOH(s)

(2) NaCl(g) + H,0() Na*(aq) + OH (aq) + HCl(aq)

(3) Na*(g) + H,O(/) — Na'(aq)

(4) Na'(g) + H,0() — Na'(aq) + OH(aq) + H'(aq)

(5) Na'(g) + Cl(g) + H,0()) Na*(aq) + Cl(aq)

Which of the following is mot a step in the chlorination of methane?

1) ¢, —=-cr '

(2) CH, + 'Cl — °"CH; + HCl

(3) "CH; + Cl, — CHCl + CI'

(4) CH,Cl + CI' —— "CH,Cl + HCl

(5) "CH,Cl + HCl — CH,Cl, + H'

Which of the following statements regarding the critical temperature of a real gas is correct?
(1) Tt is the temperature at which the intermolecular forces can be neglected.

(2) It is the temperatre cormesponding to the lowest pressure at which the gas can be liquified.
(3) It is the temperature at which the gas is in equilibrium with its solid.

(4) It is the highest temperature at which the gas phase and the liquid phase are in equilibrium.
(5) It is the temperature given by the van der Waals equation at any pressure.

—

[See page five
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22,

23.

25.

26.

27,

In an expftnmcm, Mg metal was made to react with excess N, gas and the product obtained was
reacted with H. O. The volume of the gas evolved at standard temperature (273 K) and pressure
(1.0 atm) was 672 cm®. The mass of Mg used in the experiment is,

(Assume that 1.0 mol of gas occupies a volume of 22.4 dm® at 273 K and 1.0 atm.

Relative atomic mass: Mg = 24)

(1) 024 ¢ (2) 048 g (3) 0.72 g (4) 108 g (5) 150¢g

The mean square speed of H, at absolute temperature T is equal to the mean square speed of N, at
absolute temperature T'. Which of the following equations gives the correct relationship between T
and T'7 (Relative atomic mass: H=1, N = 14)

(1) T=T' ) T=14T' 3) T:%'. @ T=71" (5) T= 114'

A buffer solution at constant temperature contains a monobasic weak acid (K, = 1.00 x 10 mol dm™)
and its sodium salt. The concentrations of the weak acid and the sodium salt in the solution are
0.10 mol dm™ each. The volume of 1.00 mol dm™ weak acid that should be added to change the
pH of 10.00 em® of this solution by one unit, and the pH value of the solution after the addition
of the weak acid are respectively,

(1) 9.00cm®, 40 (2) 9.00 cm?, 6.0 ~(3) 10.00 cm?®, 4.0
(4) 10.00 cm’, 5.0 (5) 11.00 cm?, 40

A gaseous discharge/production that contributes to all three environmental issues, namely, global
warming, acid rain and photochemical smog is,

(1) exhaust gas released from fossil fuel burning vehicles.

(2) exhaust gas released from coal power plants.

(3) gases released during repair of air conditioners and refrigerators.

(4) gases produced from the improper discharge of municipal solid waste.

(5) exhaust gas released from biofuel burning vehicles.

Which of the following statements is incorrect with regard to element Lithium (Li) and its

compounds?

(1) Among the Group I elements from Li - Cs, lithium has the most negative value for electron
gain energy.

(2) Lithium forms two products when heated in air.

(3) Considering the gases evolved, upon heating LINO,(s) produces two gases whereas Li,CO,(s)
gives only one gas.

(4) Among Group I elements, lithium has the weakest metallic bonding.

(5) Lithium gives a red coloured flame in the flame test.

The number of moles of KMnO, that are required to react completely with one mole of Fe(NO,),

in acidic medium is,

(Note: Neglect the loss of NO; due to acidic conditions.)
3 4 5 5

1 3 2 3 (3) 1 @ 3 & 3

Which of the following statements is correct regarding water and aqueous solutions at a given

temperature?

(1) The solubility of a polar gas in water is lower than the solubility of a non polar gas in
walter.

(2) Any gas undergoes ionization in an aqueous solution.

(3) The solubility of a gas in water is proportional to its pressure.

(4) Boiling point of water decreases with increasing pressure.

(5) The temperature of the triple point of water increases with increasing pressure.

J

[See page six
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29. Select the correct statement with regard to chromium (Cr) and its compounds.
(1) When an aqueous solution of K,CrO, is treated with dilute H,SO,, a colour change is not
observed.
(2) The electronegativity of Cr is greater than that of Co.
(3) An aqueous solution of Cr(HzD) when treated with excess NaOH, followed by the addition
of H,0, gives a yellow -:oll::-ured solution.
4 Cr, 0 shows basic properties.

(5) When H,S gas is passed into an acidic solution of K ,Cr,0., a clear green coloured solution
15 observed.

30. Which of the following statements is incorrect regarding carboxylic acids?
(1) The product formed by the reaction of a carboxylic acid with LiAIH, gives an alcohol upon
hydrolysis.
(2) Carbon dioxide is liberated when carboxylic acids are reacted with aqueous NaOH.
(3) Carboxylic acids react with PCl to give acid chlorides.
(4) Methane is liberated when carboxyhc acids are reacted with CH,MgBr.

(5) Carboxylic acids are formed when aldehydes are treated with H*/K2Cr 4 I

® For each of the questions 31 to 40, one or more responses out of the four responses (a), (b),
(¢) 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 (b) are correct.
(2) if only (b) and (¢) are correct.
(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
(1) (2) (3) (4) (3)

Only (a) and (b) | Only (b) and (c) | Only (c) and (d) | Only (d) and (a) An;_? ot!ier number or
combination of responses

is correct

are correct are correct are correct are correct

31. Which of the following give(s) 3-bromo-3-methylhexane as the major product when reacted with

HBr?
T s

(a) CH,CH,CH,C=CHCH, (b) CH,CH,CH,CHCH=CH,
CH, CH,CH,

(c) CHJCH=CHéHCH2CH3 (d) CH,CH,CH,C=CH,

32. Which of the following statements is/are correct regarding’ products related to plant sources?
(a) Essential oils contain complex mixtures of volatile constituents of plants.
(b) Biodiesel is produced from volatile plant oils.
(¢) Methanol is not used in the production of biodiesel.
(d) FEthanol produced by fermentation of plant materials is regarded as a renewable energy source.

33, On which of the following factor/factors does the electrode potential of the electrode M**(aq)/M(s)

depend?
(a) Surface area of M(s) (b) Concentration of M**(aq)
(¢) Temperature (d) Volume of M**(aq) solution

[See page seven
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34.

3s.

37.

33.

39.

Which of the following give(s) CO, when treated with aqueous NaZCOE?

OH OH CH,CO,H CO,H
@ £ ® O © O @ QL
CH, NO,

Which of the following statements is/are always correct regarding an aqueous solution of a weak

electrolyte?

(@) When conducting an electric current, the fraction of the current carried by the anion is greater
than the fraction of the current carried by the cation.

(b) The conductivity of the anion is greater than the conductivity of the cation.

(c) Only a small percentage of molecules of the weak electrolyte is dissociated into ions.

(d) The fraction of molecules of the weak electrolyte dissociated increases with dilution.

Which of the following statements is/are correct regarding the relationship between global

environmental issues and volatile halogenated hydrocarbons?

(@) CFC, HCFC and HFC all three contribute to global warming.

(b) CFC contributes to ozone layer depletion by producing chlorine radicals in the troposphere.

(¢) HFC contributes to ozone layer depletion by producing chlorine radicals in the stratosphere.

(d) Both CFC and HCFC contribute to ozone layer depletion by producing chlorine radicals in
the stratosphere.

Which of the following statements is/are correct with regard to the two “ allotropes of carbon,

namely, graphite and diamond?

(a) Carbon atoms in diamond are tetrahedrally surrounded by four other carbon atoms to give a
three-dimensional lattice.

(b) Because graphite is composed of two-dimensional layers held together by weak van der Waals
forces (secondary interactions), it acts as a good lubricant.

(¢) Diamond is a good conductor of heat and electricity.

(d) Graphite has a considerably higher melting point than diamond.

Which of the following statements isfare correct regarding gases?

(@) Molecules move at different speeds in a sample of a real gas whereas all the molecules
move at the same speed in a sample of an ideal gas.

(b) Ideal gases can be liquified at extremely high pressures.

(¢) The Maxwell-Boltzmann speed distribution curve of an ideal gas is symmetric about the
maximum point.

(d) The compressibility factor of a real gas depends on pressure.

Pressure

> Temperature

Which of the following statements is/are correct regarding the phase diagram of a pure substance

given above?

(a) The number of molecules in a unit volume is always higher in the gas phase than in the
liquid phase.

(b) The liquid phase and the gas phase never co-exist at the same temperature.

(¢) The solid phase and the gas phase never co-exist at the same pressure.

(d) When the system is at the triple point, the rate at which the gas is converted to the liquid
is equal to the rate at which the liquid is converted to the gas.

J

[See page eight
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41.

42,

45.

46.

47.

48.

49.

50.

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

(a) Sea water can be used directly as a raw material in the extraction of Mg by the Dow

rOCess.

(b) fn the production of NaOH, the use of membrane cells is more environmentally friendly than
the use of mercury cells.

(¢) The efficiency of the Solvay process used to produce Na,CO, can be increased by cooling
the ammonification tower.

(d) Rh metal is used as a catalyst in the production of H,SO, by the contact process.

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 (3),
that best fits the two statements and mark appropriately on your answer sheet.

Response | First Statement . Second Statement
(L) True True, and correctly explains the first statement
(2) True True, but does mot explain the first statement correctly
(3) True False
(4) False True
(5) False False
First Statement Second statement

H,O, can act as an oxidizing agent as well as

When an acidic solution of MnOj is treated s ? e :
a reducing agent in acidic medium.

with H202, it turns colourless with the evolution
of O,, whereas, an acidic solution of Fe** on
treatment with H,O, turns yellow-brown.

Energy of a gas in a closed rigid container | Both energy and matter of an isolated system
with thermally insulated walls remains constant. | do not exchange with the surroundings.

Cl, gas undergoes disproportionation on reaction | HOCI has the highest oxidizing ability among
with water giving HOCl(aqg) and HCl(aq). the oxoacids of chlorine.

When a catalyst is added, the position of | A catalyst always increases the rate of the
equilibrium of a reversible reaction changes. |forward reaction more than the rate of the
reverse reaction.

RC=CMgBr can be prepared by the reaction | The alkyl group of a Grignard reagent can
between RC=CH and methylmagnesium | react as a base.

bromide.
Reaction of HCN with any aldehyde gives a|A carbon atom joined to four different groups
product containing a chiral carbon atom, is called a chiral carbon atom.

The main by-product in the production of|CaO is used to regenerate NH, in the Solvay
Na,CO, by the Solvay process is CaCl,. process.

Benzenediazonium chloride reacts with phenol | Diazonium ions can react as electrophiles.
in the presence of aqueous NaOH to give the
following compound.

¢ -N=N—{ )-0H

When strong acids are t]t.rate-:? with aqueous | N+ reacts with water forming H,0".
ammonia, a neutral solution is not obtained
at the equivalence point.

Atomic oxygen is an essential factor for the | Atomic oxygen in the atmosphere is produced
formation of ozone in the atmosphere. only by decomposition of molecular oxygen.
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PART A — STRUCTURED ESSAY Do not

Answer all four questions on this paper itself. (Each question carries 100 marks.) ::l“:};s

1. (a) State whether the following statements are true or false on the dotted lines. Reasons are |columy
not required.

(i) Rules related to polarizing power of cations and polarizability of
anions predict that the melting point of KBr is higher than that of Lil.  ..................

(i) The electron gain energy of Be is positive.

(iif) The spacing between two adjacent lines in a given series of the atomic

spectrum of hydrogen decreases gradually in the direction of decreasing
wavelengths.

(iv) The de Broglie wavelength associated with the N, molecule is shorter

than the de Broglie wavelength of the 0, molecule when travelling
at the same velocity. -

(V) The effective nuclear charge (Z,,) felt by a valence electron of C is

greater than the effective nuclear charge felt by a valence electron
of N.

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

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

(vi) All C-O bonds in carbonic acid (H,CO,) are equal in length.

(24 marks)
(b) (i) Draw the most acceptable Lewis dot-dash structure for the molecule CLO,.
Its skeleton is given below.
(9]

|
Cl—O—({l-—O
0O

(ii) Give the oxidation states of the two chlorine atoms in the structure drawn in (i) above.
The chlorine atoms are labelled as follows.
O

|
Cl'—0—-CP-0 CH osueveines I o

I
(0]

(iii) The most stable Lewis dot-dash structure for the ion N,03" is shown below. Draw
two additional Lewis dot-dash structures (resonance structures) for this ion.
B o o B
:Q—N=N——9:

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

given below.
H H
.y e 2 i
:F—N=C—C=N—0: F—N!'—C2—C*—N*—0
N! c* s N*
I.| VSEPR pairs around the atom

Il. | electron pair geometry around the atom
Ill-| shape around the atom
IV.| hybridization of the atom

J
; __& [see page three
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® Parts (v) to (viii) are based on the Lewis dot-dash structure given in part (iv) above. 52120‘
Labelling of atoms is as in part (iv). in this
. . . , J Jumn.
(v) Identify the atomic/hybrid orbitals involved in the formation of ¢ bonds between the two i
atoms given below.
I. N—F 1S N — L —
I, N-—CF | Nloisisiinssimimsomesss i PP e aSCo
m. C2—H R s S H aiassissiisumsaagaa
Iv. —¢ bbb lia i g R R I
V. C—N¢ L TR 1O IR ! R P B
VI. N*—O M L S PO S ) s R
(vi) Identify the atomic orbitals involved in the formation of & bonds between the two atoms
given below.
I. NL—2 1 Lgho ARRCEE R s ) o BRSSO SR S
o ¢—N i, ST R O
G M S o e R g L
(vii) State the approximate bond angles around N!, 2, C? and N* atoms.
- p AR R s . Y v ; -
(viii) Arrange the atoms N!', C?, C? and N*in the increasing order of electronegativity.
o i B il i =R (54 marks)
(c) (i) A laser emits photons of wavelength 695 nm.
1. To which region of the electromagnetic spectrum do these photons belong?
II. Calculate the energy of a mole of these photons in kJ mol™.
Velocity of light ¢=3.00x 10°ms! Planck constant h =663 x 10°% ] s
(ii) A molecule of formula AX, has three A-X o bonds. Here, A and X represent symbols of
elements and A is the central atom.
Name the molecular shape(s) possible for AX, in I and II given below.
L if AX, is polar
I AR, s nonspolaE: oo i i e R s e s
Give one example each, for the shapes stated by you in I and II above.
(MNote: Molecular formulae are required.)
ARLPOIAE csnesemasnsmeses s e s A s S AT S e R S
AR S nORDOINE. i s R R R RS
(22 marks)
J

[see page four
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) ) Do not 1
2. The questions [(a)—(d)] given below relate to elements/species designated as A, B, C and D. |wriee
_ _ g

(@) A is a s-block element. It has an atomic number less than 20. It reacts with water vigorously ::;lu:z;.

with ignition to give a strongly basic solution, with the evolution of a gas. A reacts with

excess O,(g) to give the superoxide. The naturally occurring ore Sylvite contains a compound
of A.

(i) Write the chemical symbol oF A o

(1)) Write the complete electronic configuration of A. ..............ccocovvevevieeiienns

(iii) Name the gas evolved in the reaction of A with water. ................cccoviveeeerenes.
(iv) What is the colour given by A in the flame test? ............cooovevevveeereeerennen.

(v) Write the balanced chemical equation for the reaction of A with excess 0,(8).

(vi) Is the first ionization energy of A higher or lower than that of the element in the same
group and the period above it in the Periodic Table? Briefly explain your answer.

(vil) Give the chemical formula of the compound of A in Sylvite. ............ P
(35 marks)

(b) B is an anion containing only the two elements X and Y, in the ratio 2:3 respectively. Both
X and Y are p-block elements that belong to the same group in the Periodic Table. The
atomic number of each element is less than 20. The electronegativity of X is less than the
electronegativity of Y. When X reacts with hot concentrated sulfuric acid, a colourless gas
with a pungent smell is evolved as one of the products.

(i) Write the chemical formula, including the charge, of B.
(i1) Draw the Lewis dot-dash structure of B.

(iii) Give the oxidation state of the central atom of B. ..o,
(iv) Give a chemical test to identify B. (Note: Observation(s) is/are also required.)

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

anion,

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

(¢) € is an oxidizing agent. It is composed of three elements in the ratio 1:1:3. One of the
elements of C is A. The other two elements belong to the p-block of the Periodic Table.
One of these two elements is also present in B. The salt formed between Ag* and the
anion of one of these elements is yellow in colour, and insoluble in concentrated ammonia
solution. Write the chemical formula of C.

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

(10 marks) BT
[see page five
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(d) D is a compound composed of two elements. Both these elements are also present in C.
(i) When C(aq) is mixed with an excess of D(aq) in acidic medium, a reddish-brown
solution results.

L/ Tdently I onveneusaivaimsmariismini

II. Write the balanced ionic equation for the reaction that takes place.

(ii) On addition of an excess of a solution containing B, to the reddish-brown solution
obtained in (i) above, the reddish-brown solution becomes colourless. Write the balanced
ionic equation for the reaction that takes place.

(iii) The concentration of a solution containing B can be determined by volumetric analysis
utilizing the reactions in (i) and (ii) above. State an indicator which can be used and
give the expected colour change at the end point.

Indicator
Colonr ChANPE & e i S S e e e s e T
(30 marks)

3. (@) X and Y are two volatile liquids that form an ideal solution. The temperature-composition
phase diagram (at a pressure of 1.0 x 10° Pa) for a system containing X and Y is given

below.
Temperature °C
® Paris (i) to (v) are based on the given phase =
diagram. 120 —
|-
]
(i) Indicate the following regions on the phase i P
diagram by writing the letters P, Q, R. 100 //
=T ; a0
P — region where only the liquid phase is ¥
present 80 //
Q - region where only the vapour phase 70 [
is present 60 ——
R - region where the liquid phase and the 50

vapour phase in equilibri
pour phase are in equilibrium i T %

(ii) Give the boiling points of pure X and pure Y.
X comnmisansniss X civmnsmeonnis

Composition (X, mol%)

(iti) What is the temperature at which a liquid mixture of X and Y containing 40 mol% of
X begins to boil?

(iv) What is the lowest temperature at which a mixture of X and Y containing 60 mol% of
X is completely converted to vapour?

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

Do not
write
in this
colummn.

[see page six
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Do not
(v) Calculate the saturated vapour pressure of X at the temperature of 100 °C. write
in this
column.

(vi) In a separate experiment, a mixture containing X and Y was allowed to reach equilibrium
in a closed rigid container at temperature T. It was then found that the liquid phase in
equilibrium with the vapour phase contained 0.10 mol of X and 0.10 mol of Y. Saturated
vapour pressures of X and Y at this temperature are 4.0 x 10° Pa and 2.0 x 10° Pa,
respectively. Using Raoult law, calculate the partial pressures of X and Y.

(50 marks)

(b) The concentration of an aqueous solution of acetic acid (solution Z) was determined by
titrating with an aqueous solution of NaOH. A volume of 12.50 cm? of solution Z required
25.00 em* of NaOH solution of concentration 0.050 mol dm™ to reach the end point.

(i) Calculate the concentration of acetic acid in solution Z.

(i) Calculate the pH value of solution Z. Acid dissociation constant of acetic acid (K,) at
the temperature at which the experiment was carried out is 1.80 x 10~* mol dm=.

(iii) To another portion (100.00 cm?) of solution Z, 0.200 g of pure solid NaOH was added
and dissolved. Calculate the pH value of this solution assuming that the volume and
the temperature of the solution remain unchanged.

[Relative atomic mass: Na=23, 0= 16, H=1]

: [see page "‘i‘i
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=
- - . T Do not
(iv) Does the solution described in (iii) above behave as a buffer solution? Explain your |write
answer. in this
column.

(v) In a separate experiment, 0.800 g of pure solid NaOH was dissolved in a 100.00 cm’
volume of solution Z. Does this solution behave as a buffer solution? Explain your
answer using a suitable calculation. Assume that the volume and temperature of the
solution remain unchanged.

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

(50 marks)

4. (@) A, B and C are structural isomers having the molecular formula C;H,,Br. Of these three
isomers, only B exhibits optical isomerism. A and C are positional isomers of each other.

When A, B and C were reacted separately with aqueous NaOH, compounds D, E and
F having the molecular formula C;H O were formed respectively. D, E and F were
treated separately with PCC. F did not react with PCC. D and E reacted with PCC and
gave G and H respectively. Both compounds G and H gave coloured precipitates with
2.4 —dinitrophenylhydrazine (2 4-DNP) and silver mirrors with ammonical AgNO,.

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

A B
C D
E F

¢ I
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) ) Do not
(b) Draw the structures of the products I, J, K and L of the following reactions, in the given |write
boxes. in this
column,
O
I (1) CH,MgBr (excess)/dry ether
(i) CH,COCH,
(2) H*/H,0
1
(i) CHC=CH dilute H,SO,/ Hp?*
J
O
I (1) aqueous NaOH
(i) CH,CCH,
(2) H*/A
K
NzCI™
KI .
(iv)
L

(24 marks)

(¢) Give the mechanism and the structure of the product formed for the reaction between
(3IJI3C‘,I~I=CH(.‘.H3 and Br/CCl,.

[see page nine
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Chemistry I

# Universal gas constant R = 8314 J K™ mol™!
* Avogadro constant N, = 6.022 x 10 mol™!

PART B — ESSAY
Answer two questions only. (Each question carries 150 marks.)

5. (@) (i) A gas mixture containing CH4. C,H, and excess O, was introduced into an evacuated closed
rigid container. The volume of the container was 8.314 x 10 m’. The pressure of the container
at 400 K was 4.80 x 10° Pa. Calculate the total number of moles of gases in the container.
Assume that all the gases behave ideally and that there is no reaction at this temperature.

(ii) All the hydrocarbons in the container were completely combusted by increasing the temperature
of the container to 800 K. The pressure of the container after the combustion reactions at 800 K
was 1.00 x 107 Pa. Calculate the total number of moles of gases in the container after combustion.
Assume that H,O is present as a gas under these conditions.

(ii)) Write balanced chemical equations (giving physical states, at 800 K) for the combustion
reactions of the gases given below.

I. CH,(g)
I. C,Hg)
(iv) Only one of the two hydrocarbons above contributes to the change in the number of moles

of gases before and after combustion.
Calculate the number of moles of this hydrocarbon initially introduced into the container.

(v) The container was then cooled to 300 K and the water was removed. Then the pressure
of the container was 2,10 x 10° Pa.
Calculate the following.

I. Total number of moles of H,O produced
II. Number of moles of H,O produced from the combustion of C,H,
III. Number of moles of H,O produced from the combustion of CH,
IV, Number of moles of O, introduced initially into the container (75 marks)

(b) (i) Using a thermochemical cycle and the data given, calculate the standard enthalpy change for
the reaction given below.

4 CH,(g) + O,(g) — 2 C,H(g) + 2H,0(g)
(a7) 0 mol) 57 (0 molt K

CH,(g) ~74.8 1863

C,H,(g) -84.7 2296

Co, (g) 3935 2137

H,0(g) 2148 188.8

C(s), graphite 0.0 57

0,(2) 00 205.1

H,(g) 0.0 130.7 )

[see page ten
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(ii) Calculate the standard entropy change for the reaction in (b)(i) above. "
(iii) Calculate the standard Gibbs energy change (AG®) for the reaction in (b)(1) above at 500 K.

(iv) State, giving reasons, whether increase in temperature favours the reaction in (b)(i) above,
Assume that the enthalpy change and entropy change are independent of temperature,
(75 marks)

6. (a) (i) Consider the reversible reaction aA(aq) = bB(ag) + cC(aq) that occurs in the aqueous
medium. Considering that both forward and reverse steps are elementary reactions, write
expressions for the rate of the forward reaction (R,) and the rate of the reverse reaction

(R,). Rate constants for the forward reaction and the reverse reaction are k, and k,,
respectively,

(1) Write the relationship between R, and R, at equilibrium.

(iii) Write down the expression for e

quilibrium constant K. Also give the relationship between
K., k, and k,.

(iv) To study the above equilibrium, three experiments were carried out at a constant temperature.
In these experiments, different amounts of A, B and C were mixed, and the system was
allowed to reach equilibrium. The following data were obtained at equilibrium,

Experiment |  Concentration at equilibrium (mol dm)
Number
[A] [B] [C]
1 1.0 x 107! 1.0 x 102 1.0 x 1073
2 1.0 x 102 10 x 1073 1.0 x 1073
3 10 x 102 10 x 102 10 x 10°°

1. Obtain three relationships by substituting the concentrations of A, B and C given in
the table for experiments 1, 2 and 3 in the equilibrium constant expression written in
(a)(iii) above.

II. Prove that a =b = 2c using these relationships.

III. Using the smallest integers for the stoichiometric coefficients a, b and ¢, calculate the
value of the equilibrium constant, K. of the above reaction.

(80 marks)

(b) Consider the reaction, p P(g) = qQ(g) + r R(g) that takes place in gas phase.

(i) The enthalpy change and activation energy of the forward reaction, p P(g) — qQ(g) + r R(g)
are 50.0 kJ mol™" and 90.0 kJ mol™!, respectively. Draw the labelled energy diagram (the
graph of energy vs reaction coordinate) for this reaction. Show the positions of P, Q and R
by marking them on the energy diagram. Also, mark the position of the activated complex
as ‘activated complex’ on- it.

(ii) Calculate the activation energy for the reverse reaction.
(iii) Explain the effect of increasing temperature on the equilibrium constant of this reaction.

(iv) Explain the effect of a catalyst
I. on the rates of forward and reverse reactions.
II. on the equilibrium constant.
(70 marks)

=

[see page eleven
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7. (a) You are provided with the three metal rods L, M, N and the three solutions L2* (1.0 mol dm™),

M?* (1.0 mol dm?), N?* (1.0 mol dm™). When the metal N is dipped in the solution of M?* ions,

M?* is reduced to M, whereas when N is dipped in the solution of L?* ions, L* does not get

reduced to L.

(i) Giving reasons arrange the three metals, L, M and N in the increasing order of their
reducing ability.

(ii) Electromotive forces of the two electrochemical cells prepared using L**(aq)/ L(s) electrode

and each of the other two electrodes are +0.30 V and +1.10 V. Using this information and

your answer to (i) above, calculate EME*(an M) and ENZ‘(an NG
B =08V

(iii) You are provided with the following arrangement, where a potentiometer (P) is connected
between the metal rods L and N.

salt bridge

| N*(aq)

L*(aq) _ |
1.0 mol dm™

1.0 mol dm™?

@ 1.0 mol dm™ @ @

I. Calculate the potentiometer reading.
II. Write the electrode reactions that occur at each of the electrodes @ @ @ and @

separately when the potentiometer is removed and L and N are connected by a conductor.
(75 marks)

(b) The following questions are based on the element manganese (Mn).
(i) Write the complete electronic configuration of Mn.
(ii) Write three common oxidation states of Mn.
(iii) When MnSO,-H,O is dissolved in water, solution P is obtained.
I. State the colour of solution P.

II. Give the chemical formula and the IUPAC name of the species responsible for this
colour.

(iv) What would you observe when
1. dilute NaOH is added to solution P?
II. the mixture from (iv)(I) above is exposed to air?
I1I. conc. HCI is added to the mixture from (iv)(I) above?

(v) Give the chemical formulae of five oxides of Mn, and write the oxidation state of Mn in
each. State the nature of each of the oxides as basic, weakly basic, amphoteric, weakly

acidie, acidic.

(vi) Give the chemical formula of the most common oxoanion of Mn.

(vii) Give balanced ionic half equations to indicate how the oxoanion given by you in (vi)
above behaves as an oxidizing agent in acidic and basic media.

(viii) State one use of MnSO, in the analysis of water quality parameters.
(75 marks)

[see page twelve 1
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PART C — ESSAY
Answer twe questions only. (Each question carries 150 marks.)

8. (a) Compound P was converted to compound V using the reaction scheme given below.

CH,—CH—NH, Stepl_‘rQ Step2  p _Step3 g Stepd
|
CH,
®)

Step 5

CH,—CH~—CoC! > o

CH, (V)

(i) Complete the above reaction sequence by drawing the structures of compounds Q, R, S,
T and U and writing the reagents for steps 1-6 selected only from those given in the
list below.

List of reagents
HCHO, Mg/dry ether, H*/K,Cr,0,, PCl,, PBr,, NaNO,/dilute HC1, H*/H,0

(Note: The reaction of a compound with a Grignard reagent and the hydrolysis of the resultant
magnesium alkoxide should be considered as one step in the above reaction sequence.)

(ii) Draw the structure of the product formed when compounds P and V react with each other.
(65 marks)

(b) (i) Propose a method to prepare a mixture of o-nitrobenzoic acid and p-nitrobenzoic acid from
benzene using not more than three(03) steps.

(if) Give the structure of the product X and the mechanism of the following reaction.
CH,COCl1
© ————e X
anhydrous AICL

(c) The structure of benzene is represented as the resonance hybrid of the following two hypothetical six
membered cyclic structures (cyclohexatriene).

0—0

Using the standard enthalpy data of hydrogenation given below, show that benzene is more stable
than hypothetical ‘cyclohexatriene’.

@ +H, ———> O AH® = =120 kJ mol!

cyclohexene cyclohexane

(65 marks)

. R =1
Benzene + ?:H2 ———> cyclohexane AH°=-208 kJ mol (20 marks)

-y
[see page thirteen
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9. (a) The following question is based on the qualitative analysis of cations.

An aqueous solution Q contains four cations of metals A, B, C and D. Q is subjected to the reactions
given in the scheme below.

The symbols given in the box are used to represent precipitates with solutions, solids and solutions.
(Note: RT — room temperature)

VF_QJ

dil. HCI

precipitate with solution

O

solid

white leS

white
cool to RT

and filter I lH_zC)f.ﬁ ; ;
‘:‘ Kl(ag) " black
a
solution V _‘___,__i_ colourless lﬁhﬁ!

yellow \A/ + lcolaurlcss

black (1) Boil

 colourless |
|
(2) conc.[HNO,/A
black

(3) cool tb RT
(4) NH,QH/NH,C1

white gelatinous ()

filter e
XCESS
+ & N/ ai NaOH

(1) Boil white white
(2) cool to l dil. HC!
(3) NH,O NH,Cl . colourless

4
(4) (NH,),¢40,/A colourless

& — 1 dil. NaOH

white white V
(1) conc. HCI white
(2) flame test l excess dil. NaOH

crimson red flame colourless

(i) A, A, A, B, B, C,, C,, and D, are compounds/species of the four cations A, B, C, and D.
Identify A}, A,, A,, B, B,, C,, C,, and D,.
(Note: Write only chemical formulae. Chemical equations and reasons are mot required.)

(i) Give a reason for the use of NH,OH/NH,Cl as a reagent when obtaining the white
gelatinous precipitate (). (75 marks) )

[see page fourteen
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(b) A mixture X contains only aluminium sulfide (ALS,) and ferric sulfide (Fe,S,). The following
procedure was carried out to calculate the mass percentages of ALS, and Fe,S, in X.
When a mass m of mixture X was heated at high temperature under I-l2 gas, AIZS3 remains
unchanged but Fe,S, was converted to iron (Fe) metal. The final mass obtained was 0.824 g.
When another mass m of mixture X was heated at high temperature in air, both ALS, and
Fe,S, decomposed, giving SO, gas. This SO, gas was bubbled through a solution of .1-1201
and oxidized to H,S0, acid, which is the only product. When this entire solution was titrated
with a standard 1.00 mol dm NaOH solution in the presence of phenolpthalein indicator, the

burette reading was 36.00 cm?.

(i) Write the balanced chemical equation for the reaction of Fe,S, with hydrogen gas.

(ii) Write the balanced chemical equation for the reaction of SO, with H,0, to give H,80,.
(iii) Calculate the mass percentages of ALS, and Fe,S; in mixture X.

(iv) If the above titration is carried out using methyl orange as the indicator instead of
phenolpthalein, would there be a change in the burette reading? Explain your answer.

(Relative atomic mass: Al=27, §=32, Fe=56) (75 marks)

10.(a) The following flow chart shows the industrial extraction/production of three important elements/
compounds Py, P, and P,.

There is evidence to show that our ancestors produced P, thousands of years ago. P is used
as a catalyst in M,. P; is used in the manufacture of explosives.

————» waste gas

(1)liquefaction

compressed (2)fractional

distillation M,

2 ®

cracking

® - raw material A product - product and - extraction/
raw material M manufacturing process

(i) Name the manufacturing processes M, and M. (e.g.: Manufacture of Na,CO, is named
as Solvay process.)

(i) Identify the process M, and name the main constituent of its waste gas.
(i) Give the common names of the raw materials Ry, R, and Ry used in M,.

(Note: R, functions as a reducing agent as well as an energy source in M; R, is a
naturally occurring source which can be used to obtain Pl.) |

[see page fifieen
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(iv) Write a balanced chemical equation for the role of R, as a reducing agent in M
process.

(v) Identify R, and R..

(vi) Give balanced chemical equations for reactions taking place in the processes M,;, M, and
M,. Appropriate conditions (temperature, pressure, catalysts, etc.) must be stated as required.
(Note: For the M, process, give only the reactions showing the conversion of R, to P.)

1

(vii) Give two uses each of P, P, and P, (other than what is indicated in the flow chart or
given in the question).

(viii) State whether the M, process would be favoured at very high temperatures. Explain your

answer using AH, AS and AG.
(50 marks)

(b) The following questions are based on photochemical smog and water pollution.

(i) State the major types of gaseous chemical pollutants and conditions that are required for
the formation of photochemical smog.

(ii) State why the strength of photochemical smog is low in the morning and evening.

(iii) Using balanced chemical equations, explain how ozone is formed in the lower atmosphere
due to photochemical smog.

(iv) State four major products (excluding ozone) of photochemical smog.
(v) State three free radicals produced during the formation of photochemical smog.

(vi) Many countries now promote the use of electric vehicles. State how the use of electric
vehicles affect the formation of photochemical smog.

(vii) State an environmental problem, other than photochemical smog, that could ease due fo
the use of electric vehicles.

(viii) A ship carrying the following chemicals sank in the sea.
Na,HPO,, HNO,, Pb(CH,COO),
State an effect from each chemical on the water quality parameters of the water surrounding
the ship, by the release of the above chemicals. 0 kil

(¢) The following questions are based on natural rubber and additives used for polymer related
products,

(i) Sketch the repeating unit of natural rubber.
(ii) Give a compound that can be used to prevent coagulation of natural rubber latex.

(iii) State a compound that can be used fo coagulate natural rubber latex and explain how it
acts.

(iv) Briefly state how the ‘vulcanization’ of natural rubber is carried out.
(v) State two types of substances used to increase the efficiency of vulcanization.

(vi) Give three properties, which can be enhanced by adding additives to polymer products.
(50 marks)

He e

-

",

[see page sixteen



