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Instructions:

s This paper consists of 09 pages.

s Periodic Table printed on page 10 can be detached if necessary.

s Answer all the questions.

# Use of calculators is not allowed.

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

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

% In each of the questions 1 fo 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.

.
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Universal gas constant R = 8.314 J Kt mol™ Planck’s constant 7 = 6.626 x 1073* Js
Avogadro constant N, = 6.022 x 102 mol ! Velocity of light ¢ = 3 x 10° ms™

1. Which of the following chemical species is expected to have the highest boiling point?
(1) He (2) Ne (3) CH, 4) N, 5) CO

2. The orbital diagram in which both Aufbau principle and Hund’s rule are violated is

2s 2p
o) @) OO
@) ® OO
(3) @) OO
(4) HOO®
®) ® HOO®

*3. In an atom, how many orbitals can have the quantum numbers n = 3, m=-1 and n =4, m!=—1?
(1) 2 2) 3 (3) 4 4 5 (5) 6

4. The de Broglie wavelengths of two particles X and Y are 1 nm and 3 nm respectively. If the mass
of X is three times the mass of Y, the ratio of kinetic energies of X and Y (X1Y) would be

(1) 1:4 2) 1:3 3) 3:4 4) 3:1 (5) 4:1
5. What is the IUPAC name of the following compound?
(1} 2-amino-5-chloro-3-pentanol NH,

(2) 4-amino-1-chloro-3-pentanol ,

(3) 5-chloro-3-hydroxy-2-pentanamine CH,CHCHCH,CH,Cl
(4) 1-chloro-3-hydroxy-4-pentanamine (I)I-I

(5) 2-amino-5-chloro-3-hydroxypentane

6. At temperature 25 °C, the pH of a saturated solution of metal hydroxide M(OH), is
(K, of M(OH), at 25°C =4 x 10712 mol® dm™)
1 2 (2) 4 (3) 7 (4) 10 (5) 12

L )
[See page two!
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7. The shapes of 10;,, NFCL, F,ClO, and E,BrO™ are respectively '
(1) trigonal planar, trigonal pyramidal, square pyramidal and trigonal bipyramidal.
(2) trigonal pyramidal, trigonal planar, square pyramidal and trigonal bipyramidal.
(3) trigonal pyramidal, T-shape, trigonal bipyramidal and square pyramidal.

(4) T-shape, trigonal planar, trigonal bipyramidal and square pyramidal.
(5) trigonal planar, trigonal pyramidal, trigonal bipyramidal and Square pyramidal,

8. Select the incorrect statement. _
(1) Among the chemical species NCl,, SO, and PCL, the only polar species is NCI,. _
(2) Among the elements Mg, Al, Si and P, the lowest first ionization energy is shown by Al
(3) Among the elements B, C and O, the lowest negative value for electron gain emergy is
shown by C.
(4) Among the chemical species NO,, 80,, SO? and CIF,, only NO; and S0, have the same shape.
(5) Among the ions Li*, Na*, Be?" and Mg?", the largest difference in size is between Na* and Be?".

9. Consider the following compounds, A, B, C, B, E and F.

i s
CH,CH,CH,CH,CH,  CH,CHCH,CH, CH,CHCHO
A B ' C
Relative Molecular Mass 72 72 72
o
CHSCHZCHZCHZOH CH,CHCH,OH  CH,CH,CH,CH,CH,0H
D E F
Relative Molecular Mass 74 74 88
The variation of boiling points (B.P) of these compounds is approximately shown best by
B.P B.P B.P, B.P. B.L.
4 A 4 A 4
/] / / /
LV ‘ / ~)
/ / /1
A / [ /
. / .
[ . ] . . o ] . — _
ABCDEF ABCDEF ABCDEF ABCDEF ABCDEF
(1) ) 3 @ &)

10. At a given temperature, a catalyst increases the rate of a reaction by
(1) increasing the number of high energy collisions of reactant molecules.
 (2) increasing kinetic energy of reactant molecules.
(3) increasing number of collisions among reactant molecules.
(4) increasing the activation energy of the reaction.
(5) providing a new pathway for the reaction.

1. FeCl(s) reacts with NH.(g) and H,0(l) to produce Fe(OH), and NH,CL
When 97.5 g of FeCly(s), 34 g of NH,(g) and 27 g of H,O(l) are made to rcact, the maximum !
quantity of Fe(OH), that can be obtained is
H=1, N=14, O=16, Cl =353, Fe = 56)

(1) 213g (2) 238¢ (3) 535¢g 4) 639¢ (5) 713g

12. Bond energies of H—H, Cl—Cl and H—Cl are 436, 242 and 431 kJ mol™ respectively. Enthalpy
change (kI mol™) of the reaction %Hz(g) + %Clz(g) — s HCl(g) is |

(D) -184 (2) 92 (3) 92 (4) 184 (5) 247

J
 [See page three
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13. Which of the following figures correctly represents the titration curve when 0.100 mol dm™ HCl(aq)
is added to 25.00 cm® of 0.05 mol dm™ cog‘(aq) solution?

~

pH pH pH
125% 12.5 125 %
10.0 10.0 10.0
751 7.5 ) 7.5 |
5.0+ 5.0 E ' 5.0 4
254 25 ,: | 2.5 -
25 50V fem’
o o (2)
1254 12.5
10.0 + 10.0
751 4 7.5 . d
5.0 + i 5.0 :
25 ' ' 25 : X
: : . : : o
25 50 Vg jom’ 125 25 Vjom’
4) (5)
14. Consider the following reaction.

15.

16.

i7.

CHO
@ Br/anhydrous FeBr,

Which of the following is a resonance structure of the intermediate which gives the major product
of the above reaction?

- CHO CHO CHO CHO CHO
a H +
ot o Q o 0% el oQ,
Br i Br + Br ¥

Consider the reaction of KMnO,(aq) with H,0,(1) in the presence of dilute H,SO,(aq).
The correct co-efficients of the reactants when the chemical equation of the reaction is balanced
with the smallest whole number co-efficients are

MnO,(aq) H,0,() H'(aq)
(1) 2 3 10
) 2 4 6
(3) 2 5 6
(4) 2 5 8
(5) 2 5 16

A first-order gas phase reaction A(g) ———= B(g) + C(g) occurs in a closed container at a given
temperature, The half-life (#, ) of the reaction is 20 s when the initial pressure is 100 kPa. The

half-life of the reaction when the initial pressure is 200 kPa at the same temperature is

(1) 10s 2) 20s (3) 40s (@) 400 s (5) 800 s
Consider the reactions shown below. _
H,(g) + %Oz(g) —— B0 ; AH =-241.8L mol"
H(g) + %Oz(g) — > HO) ; AH =-2858 kJ mol”
Enthalpy change of vaporization (kJ mol™) of water is
(1) 88 2) 44 3 0 (4) 44 (5) 88

vy
[See page four'
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18.

19.

20.

21.

-\

When solutions of reactants A and B are mixed in a beaker, a spontaneous reaction takes place
with the lowering of the temperature of the mixture. Which of the following is correct for the
reaction between A and B?
AH AS
1) - +
2) - -
(3) - 0
4) + -
(5) + -+

Select the correct statement with regard to the given reaction.

CH,NH,(aq) + H,0(]) == CH,NH, (aq) + OH (aq)

(1) CH,NH,(aq) behaves as a Lewis-acid in the forward reaction while CHBNH;(aq) behaves as

" a Lewis-base in the reverse reaction.

(2) H,O(1) behaves as a Lewis-base in the forward reaction while OH (aq) behaves as a Lewis-base
in the reverse reaction. :

(3) CH,NH(aq) behaves as a Lewis-base in the forward reaction while OH (aq) behaves as a
Lewis-acid in the reverse reaction.

(4) H,0(1) behaves as a Lewis-acid in the forward reaction while CHSNH;(aq) behaves as a
Lewis-base in the reverse reaction.

(5) CH,NH,(aq) behaves as a Lewis-base in the forward reaction while OH {aq) behaves as a
Lewis-base in the reverse reaction.

Consider the enthalpy diagram shown below.
Ca’(g) + 2CI(g)

Lattice energy = —2258 kJ mol™!
y CaCl.(s)

_ -1
Ath dration —120 kJ mol

Ca?(aq) + 2CI'(aq) ¢

The enthalpy change of hydration of Ca®(g) is —1650 kJ mol™. The hydration enthalpy change
of CI(g) (kJ mol™) is

(1) -728 2y =364 - (3) 364 4) 728 (5) 2378
Consider the following reaction scheme.

HzlPd-BaSO A HBr

CH,C=CH .
Quinoline (Peroxides)

A and B respectively could be:

(1) CH,CH,CH, and CH,CHCH, (2) CH,CH=CH, and CH,CHCH,
| |
: Br : Br
(3) CH,CH,CH, and CH,CH,CH,Br (4) CH,CH=CH, and CH,CH,CH Br

(5) CH,CH=CH, and CH3C|HCH2Br
Br

- A
[See page five
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23.

24,

25.

A~
22. At a given temperature, the reaction 3ClO(aq) — CIO;(aq) + 2CI(ag) occurs through the

following mechanism.
ClO(aq) + Cl0"(ag) —— ClO,(aq) + CI(aq) (slow) '
ClO,(aq) + Cl0(ag) — ClO,(aq) + Cl'(aq) (fast)
The rate law of this reaction is, (k = rate constant)
(1) rate = [ClO(aq)] ) rate = HCLO(aq)P®
(3) rate = k[ClO‘(aq)]Z (4) rate = k[ClO;(aq)] [C10(aq)]
(5) rate = k[CI(aq)] [CIO(aq)]

Compound A forms a coloured precipitate with 2,4-dinitrophenylhydrazine (2,4-DNP). Compound A
also forms a precipitate with ammoniacal AgNO,. S

Compound A reacts with acidified K,Cr,0; to give product B and a green colour solution.|
Compound B does not dissolve in aqueous Na,CO,.
Compound A could be:

' CH,CHO CH,C=CH CH C=CH
o’ @ 2 3) Q’ 2
CH2C|IHCH3 CHz?HCH3
: C
OH OH 0% " “CH,CH,0H
o 0
i
—CHC= C—CH,C=CH
CHZ(I:H CH, CHZCHZCHZOH

OH

At a given temperature the distribution of kinetic energies of molecules of a gas within a sealed
container is shown in the following graph. .

Number of
molecules with
energy B

_ > Energy (E)
Some of the gas is removed and the container resealed; then the gas is cooled. Which of the
following correctly describes the change in the graph?

Area under the curve  Position of the maximum point .

¢y) decrease 7 shift to the left
@) increase shift to the left
3) no change shift to the left
4) decroase shift to the right
(5) no change no change

Consider the electrochemical cell operating at temperature 298 K given below.
Zn(s) | Zn?*(ag, 1.0 mol dm™) || Fe**(ag, 1.0 mol am?), Fe**(aq, 1.0 mol dm™) | Pi(s)
Which of the following gives the correct overall cell reaction and Eogy?

E;n2+(aq)lzn(s) =-076V E;es+(aq)/Fez+(aq) =+0.77V

Cell reaction Eoy /(V)
(1) Zn(s) + 2Fe**(aq) — 2Fe*(aq) + Zn**(aq) 1.53
(2) Zn(s) + 2Fe* (aq) — 2Fe*"(aq) + Zn**(aq) -1.53
(3) Zn(s) + 2Fe**(aq) — 2Fe*(aq) + Zn**(aq) 0.01
@) Zn?"(aq) + 2Fe**(aq) — 2Fe’*(aq) + Zn(s) -1.53
(5) Zn*(aq) + 2Fe*"(aq) —— 2Fe**(aq) + Zn(s) -0.01

—

[See page six
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26. Consider the reaction below taking place in a closed-tigid container at a given ‘temperature.
4NH,(g) + 50,(g) = 4NO(g) + 6H,0(g) ; AH=-900kJ moIfI
Which of the following statements is true for this reaction?
(1) High pressure and high temperature give the highest equilibrium amount of NO(g).
(2) Low pressure and high temperature give the highest equilibrium armount of NO(g).
(3) High pressure and low teruperature give the highest equilibrium amount of NO(g). -
(4) Low pressure and low temperature give the highest equilibrium amount of NO(g).
(5) Changes in pressure and temperature have no effect on the equilibrium amount of NO(g).
27. The following information is displayed on the label of a bottle which contains ‘concentrated NH,
solution. ; _ :
NH, coutent — 30.0% (by mass)
density - 0.850 gem™ : :
When 400.0 cm? of this NH, solution was reacted completely with H,SO,; the amount of ammonium
sulfate that can be formed is
(H=1,N=14,0=16,8=32) ‘
(1) 132 ¢ (2) 39% ¢ (3) 528 @ 792g (5 1584¢g
28. What is the major product of the following reaction?
(,)H
¢H,CHCH, excess PCL
HO COOH
i i "
CH,CHCH, CH,CHCH, CH,CHCH,
(M @) ,@ 3)
Cl CoCi HO COOH HO CocCl1
(|31 C!?l
CH,CHCH, CH,CHCH,
@ 5 (5)
Cl COOH HO coct
29. A wood ash sample X contains CaCO,, _KiCOa, and an inert material. In X the molar ratio of
- CaCO,K,CO, is 2:1. A 1.0 g sample of dry powdered X was reacted with excess HCL The
conceniration and volume of HCI used was 0.30 mol dm™ and 25.0 em® respectively. After the
reaction was completed, the remaining HC] was quantitatively collected and titrated with 0.10 mo] dm™
NaOH. The burette reading at the end-point was 15.0 cm?®. The percentage of 'CaC_OB in the wood
ash sample X is
(1) 10% (2)  16% (3} 20% (4) 24% (5) 40%
30. Consider the equilibrium reaction given below. ' '
- Hy(®) +1i(g) = 2HI(g) (K, =50 at temperature 600 °C)
Equal molar amounts of H,(g), L(g) and HI(g) were inserted into a 2.0 dm3 previously evacuated
* closed-rigid container at room temperature and the temperature was increased to 600 °C.
Which of the following will occur as the system reaches equilibrium? o
(1) More Hy(g) and I(g) will be produced because Qc > K, (O = reaction quotient)
(2) Less Hy(g) and L(g) will be produced because O, > K.
(3) More H,(g) and I(g) will be produced because 0. <K,
(4) Less Hl(g) will be produced because O. <K,
(5) More HI(g) will be produced because O- <K,
L . J

[See page seven
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31

32.

33.

34,

® For each of the questions 31 to 40, one

Ty

or more responses out of the four responses {(a), (b),
(c) and (d) given isfare correct. Select the correct response/responses. In accordance with the
instructions given on your answer sheet, mark

(1
@
3
4)

if only (a) and (b) are cotrect.
if only (b) and (c) are correct.
if only (c) and (d) are correct.
if only (d) and (@) are correct.

(5) if any other number or combination of responses is correct.
Suminary of above Instructions
| O @ e T @ | O
Only (a) and () | Only (8) and (c) | Only (¢} and (d) | Only (d) and (a) Any other number or
: _ _ , combination of responses
are correct are correctr are correct are chrect IS correct ]

Which of the following statements is/are cotrect regarding the experiment for determination of the

order of the reaction between Fe**(aq) and I'(aq) (iodine-clock experiment)?

(@) The time taken io react a constant amount of Szoi_(aq) is measured. S

(6) The concentration of S20§_(aq) must be much higher than the concentration of I(aq).

(©) S20§_(aq) canmot be used in the experiment determining the rate constant of the réaction
between Fe’*(aq) and I-(ag). o ' '

(@ The concentration of SZO;’_(aq) must be much smaller than the concentration of I(aq).

Which of the following statements
with aqueous NaQH?

(@ It is an electrophilic substitution reaction. ,

(b) A carbocation is formed as an intermediate during the reaction.
(¢) The major product formed is (CH,),COH.

(d) (CHB)ZC--—-CH2 can be formed as a byproduct.

is/are true regarding the reaction of 2-brqmb—2—._methylpiopane

Which of the following reactions is/are correct?

9 (1) CH,MgBr 9
(a) CH,COH @ H'/H,0 CH,CCH, + Mg(OH)Br
CHO : CH,CHOMgBr
l CH,MgBr
(6) CH,CH,CHCH,OH CH,CH,CHCH,0H
_ CH,MgBr \
(@) CH,C=cCH _ CH,C=CMgBr + CH,
CHaMgB_r

(é) CH,CH,CH,0H CH,CH,CH,0MgBr + CH,

Which of the following statements is/are true with regard to 5 and p block elements and their
compounds? _ ' - '

(@) Be reacts with hydrogen gas to produce an ionic metal hydride.

(6) Mg has the highest electronegativity among s-block clements.

(© NH,, SO, and H,S can act as oxidizing agents as well ag reducing agents.

(d) Na and Ba react with excess Oxygen gas when heated to give Na,0, and ]3}102 respectively.

~ [See page eight
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36.

37.

38.

39.

40.

35. The phase-diagram of carbon dioxide (CO,) is shown below.

Pressure/atm
&)
—

1
1]
11
1
[
]
I
1
3
1
i

1.0 ---==

'l L.

785 57 31 Temperature/°C
Tt is observed that liquid CO, does dot form when a sample of solid CO, (dry-ice) is placed in
a beaker at 25 °C and 1 atm pressure. According to the above diagram which of the following
statement/s explain/s this observation?
(¢) The temperature at the triple-point is less than the ¢ itical temperature.
(b) The temperature at the critical point is higher than 25 °C.
(¢) The pressure of the triple-point is higher than 1 atm.
(d) At 1 atm pressure solid CO, is in equilibrium only with the gas phase.

1
L]
1
]
1
1
1
3
1
1

Which of the following statements is/are true?

(a) Following a systematic method of waste disposal contributes to minimize global warming.
(b) Minimizing deforestation contributes to increase global warming.

() NO gas emitted from transportation contributes to increase global warming.

(d) Coolant gases used n refrigerators and air-conditioners contribute to increase global warming.

Which of the following statements is/are true with regard to the function of the ozone layer in
the stratosphere?

(a) NO, is required for the formation of ozone.

(b) Atomic oxygen produced in the troposphere produces ozone after reaching the siratosphere.
(c) Ozone level in the stratosphere fluctuates throughout the year.

(d) Infrared radiation is essential for the formation of ozone.

Consider the following cells.
A : Zn(s) | Zo?'(aq, 1.0 mol dm™) | Cu**(aq, 1.00 mol dm™) | Cu(s)
B : Zn(s) | Zn®*(ag, 1.0 mol dm™) || Cu?*(aq, 1,00 mol dm™) | Cu(s)
(a) Ton migration occurs at both A and B.
(b) Mixing of electrolytes is ‘prevented in both A and B.
(¢) Ton migration occurs only n B.
(d) Mixing of electrolytes is prevented only in B.

Which of the following statements is/are correct regarding 3d-block elements and their compounds?

(@) The correct TUPAC name of [Cr(NH,), Bz, is hexaamminechromium(IIT) tribromide.

(b) Based on the electronic configurations of the 3d-block metals, Zn is expected to have the
lowest melting point. '

(¢) Cu shows the lowest stable oxidation state among 3d-block elements.

(d) CrO, dissolves in aqueous NaOH and gives Cr20§‘ ion.

Which of the following statements is/are true regarding some industrial processes?

(a) The entropy change for the reaction of N, (g) with H,(g) to produce NH,(g) in the Haber-Bosch
process is positive (AS > 0). _ _

(b) The reaction of N(g) with H,(g) to produce NH,(g) in the Haber-Bosch process is an
exothermic reaction.

(c) The industrial PIocess for the production of high purity TiO, from rutile by chlorination
followed by oxidation, results in the release of CO, to the environment.

(d) The reaction of SO,(g) with 0,(g) to give $0O,(g) in the contact process for producing
sulphuric acid is an endothermic reaction.

—_

[See page nine '
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@ In question Nos. 41 to 50, two statements are given in respect of each question.

From the Table given below, select the response, out of the responses (1), (2), (3), (4) and (5),
that best fits the two statements and mark appropriately on your answer sheet.

Response | First Statement Second Statement
(1) 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
) False False
First Statement Second statement

41.,

Metallic bonding in Group 1 elements (Li-Cs)
is weaker than metallic bonding in Group 2
elements (Be—Ba).

Metallic bonding involves only one valence
electron in Group 1 elements whereas two
electrons are involved in Group 2 elements.

42.

CHy _ B CH3\C=C _CH,CH,
ca”  CHCH, ca”  OBr

are diastereoisomers of each other,

Stereoisorners which are not mirror images of
each other are diastereoisomers,

43.

When a few drops of dilute mineral acid are
added to a 100 em® solution of CH,NF(aq)/
CH,NH,Cl(aq), the pH of the solution does not
change significantly.

A solution containing' CH,NH,(aq) and
CH,NH,Cl(aq) acts as a buffer solution.

44.

Agueous solutions of Ni%*, Cu?* and Zn?" when
individually treated with excess NH ,OH(aq) do
not give permanent precipitates.

All three ions Ni*'(aq), Cu**(aq) and Zn?*(aq)
give ammine complexes when individually treated
with excess NH,OH(ag).

45.

Benzene reacts with electrophilic reagents to give
substitution products and not addition products.

The carbocation intermediate formed by the
reaction between benzene and the elecirophile
is stabilized by the delocalization of its
positive charge.

46.

In an electrochemical cell constructed by Ag*(aq)/
Ag(s) and Cu®*(aq)/Cu(s) electrodes, electrons
flow from Cu to Ag. '

=034V, E

AgtagyiAg(s) 080V

ECu2+(aq)/Cu(s)

In the electrochemical cell
Cu(s)| Cu**(ag, 1 M) || Ag*(aq, 1 M)|Ag(s), the
Cu*(aq) | Cu(s) electrode is the cathode.

Eowragyicusy = 934 Vo Eppqyiag = 080V

47.

N,(g) cannot behave as an oxidizing agent.

When heated N,(g) reacts with Li to. give an
ionic product which reacts with water liberating

NH,(g).

48.

Addition of dilute HNO,(aq) to a saturated solution
of PbC,0, increases the solubility of PbC,0,(s).

In the equilibrium )
PbC,0,(s) = Pb*(aq) + C,0; (aq),

CZOi_(aq), can be considered as the conjugate-base
of H,C,0,(aq) acid.

- 49.

The amount of CO(g) produced by the reaction
of coke and O,(g) in a blast furnace increases
with increasing temperature.

The reaction between coke and O,(g) which
produces CO(g) has a positive entropy change.

50.

Thermoset polymers cannot be sofiened by heating.

Thermoset polymers have a molecular structure
arranged as a three dimensional network.

2
53
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k& Write your answer in the space provided for eqch question. Please note they the space provided is s ufficien
Jor the answer and that extensive QRSWers are not expected.

® You are permitteq o remove only Py B and C
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PART A — STRUCTURED ESSAY o "
Answer all four questions on this paper itself. (Each question Carvies 100 marks.)

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

(i) Particles in both cathode rays and B rays have the same charge to
mass ratio (e/m).

(i) In a copper (Cu) atom there are 6 electrons having magnetic quanium
number, ml=d1.

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

(iii) The F,ClO" ion has a irigonal planar shape.

(iv) Sulpbur (S) has the Jowest first ionization energy among the elements
F, S and CL

... (V) Rulgs related to polarizing power of cations and polarizability of anions,
predict that the melting point of LiCl is higher than that of KF.

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

(vi} In pitrous acid (HNO,) .the two N—O bonds are equal in length.

(vii) The number of Lewis dot-dash structures (resonance structures) that
can be drawn for the ion CN;‘ is 3.

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

(viii) The boiling point of hexane is higher than that of 2,2-dimethylbutane.

() (i) Draw the most acceptable Lewis dot-dash structure for the molecule ISOF. Its skeleton
is given below.

T
F—?——IM—O
O

(i) Give oxidation numbers of the S and 1 atoms in the structure drawn in (i) above.

(iii) An acceptable (stable) Lewis dot-dash structure for the HNCO molecule i given llzvelowti
Draw two more Lewis dot-dash structures (resonance structures) for this molecule an

indicate their siabilities relative to the structure given by writing stable or less stable
or unstable under these structures.

[see page three



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

Do not
(iv) Complete the table based on the Lewis dot-dash structure and jtg labeiled skeleton given |write
below, in this
= column
H :0: I’—I 0

IV. | hybridization of the atom

® Parts (v) to (viii) are based on the Lewis dot-dagh structure given in part (iv) above.
’ Labelling of atomsg is as in part (iv).

(v) Identify atomic/hybrid orbitalg mvolved in the formation of & bonds between the two
atoms given below.

L H=N'  H o N
Lo NI=N? Nt N2
M N*—0 N2 O vt
Vo N'—N% N2 N3
Voo NP=N* NS N
VI N'—C Nt C oot

{(vi) Identify the atomic orbitals involved in the formation of bonds between the two atoms
given below. '

NN N2 N3
. N*—C N C

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

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

(vii) State approximate bond éngles around the N1, N2, N3 and n#4 atoms.

N , N? > N3

(viii) Arrange the atoms N', N2 N? and N*% in Increasing order of thei electronegativities.

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

(56 marks)

(¢) Arrange the following species in the increasing order of the property indicated in parenthesis.
(Reasons are pot required) o ‘

() B, O, F, &, Na, Mg (electronegativity)

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

(i) K*, Mg?* Ca®, AP, Cr, g (tonic radius)

............
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- |Domnot
£ three clements in the|write
in this
columtl.

2. (@) () I X is an orange coloured ionic compound. It is composed 0
ratio 7:2:2 (not in the order of writing the chemical formula). Of these, two ar©
metals that belong to the same row of the Periodic Table. One of these tvs_ro m_e'fals
belongs to the s-block and the other to the d-block. The d-block metal 18 widely
used for electroplating.

Tdentify X .ooovvevennmummiimninrinnreneees

I Y is a mineral acid. It is composed of three elements in the ratio 1:2:4 (not indﬂ}e
order of writing the chemical formula). One of the elements in Y 18 al_so found in
X. Y is used in the manufacture of phosphate fertilizer. -

TEntify Yo .ceiiveeeereenrsrriinmmnnriininnneeneeees

I Z is = iri-atomic gas with a pungent smell. It has a V-shape. It is used in the
manufacture of Y.

TAEntify Z. .oevvvnnvenneersnsmnnrnennerniniereneees

(ii) Write the oxidation numbers and the electronic configurations of the two metals X.

oxidation electronic ...
LAl eoneevnveienvene g temseresssaee R UPIPP PRSP PTD
number configuration
- oxidation electronic ...
LAl oerieiiiinreee g eesseessereren . aesemessaresreeeies
number configuration

(iii) 1. Name the process by which Y is manufactured using Z-

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

II. When the gas formed on reaction of Z with O.(g) is dissolved in a cot}centrated
solution of Y, the compound P is formed. When compound P reacis with WE;ECI',
Y is obtained again. Write the name and the chemical formula of compound P.

NAIIE  evvernnreannssnnsanssssasnnans chemical formula ....cooovenmmeneessrmes et

(iv) Write the balanced chemical equation for the reaction taking place when X, Y and Z
are reacted together.

-----------

(b) A. student is provided with eight bottles labelled A, B, C, D EF Gand H with aqueous
solutions of BaCL,, Nal, Pb(NO,),, dil. FICL, AL(SO,);, AgNO,, core. NH,OH and dil. NH,OH
(not in order). Some useful observations for their {dentification on mixing two solutions at
a time are given below.

Solutions Mixed Observation
I-l A+ C a yellow precipitate‘soluble in hot water
E B+C a yellow precipitate insoluble in H
_lI}_._ A+ E a white precipitate soluble in hot water
Iv.| B+E a white precipitate soluble in D
v., E+F a white precipitate insojuble in G
VL] A+ T a white precipitate insoluble in G
Vi.| D+ G a colourless solufion
ﬂ\ﬁl_ldl_ll + G a colourless solution

[see page five
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(i) Identify A to H.

A oeeeereneeanne e  RRNUUITTTPPRNPR IR
 SURUTRUUORISR PR T L  UUUUUPROURPPR RS L LA
C oooeeene e P ST PUIR R T L
) DTTUTTRUURNS TR ST VTSP S L
in each of the].

d chemical equations for the formation of precipitates,

(i) Give balance
\L to indicate precipitates.

I to VL Use the symbol

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

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

VL

on constants of H2C03(aq) acid are,
o1t mol dm™®
and second digsociations of HZCOB(aq).

3. (@) At temnperatore 25 oC, dissociati
K =45% 10~ mol dm~ and K,=4T% 1

(i) Write the equilibrium reactions for the first

first dissociation, calculate the concentrations of H3O+(aq) and HCO;(aq)

(it) Considering the
3(aq) solution at 25 °C.

in 0.05 mol dm H,CO

[see page six
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®) You are provide
0.01 mol dm3 Ag™(aq) ions at temperature 25 °C, T, 1.0
solution of POj‘(aq) 1008 was addeq dropwis
At femperamre 25 °C,

K (AIPO) = 1.3 1920

d with an agueoys solution containing 0.01 mej dm=3 Ap
dm? of this soly

e with continuoys stirring,

"(ag) ions and
tion, a concentrated

mol? dm§ ang K (Ag,PO,) = 8.1 x '10—%2 mol* 12,
(i) Neglecting any volume change that may
State which metal jon (A3

for your answer based on g

[see page sever,
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to precipitate.

(40 marks)

. CO, with agqueous NaZCOS. (C= 12.0, H=1.0, 0=16.0,Cl= 35.5)

(i) Write the functional groups present in compound A.

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

alcoholic KOH to give the product E which contains a double bond.

(if) Draw the stroctures of A, B, C, D and E in the .relevant boxes.

[ 1L
.

(ii) Calculate the concentration of the ion which précipitated first when the second ion start

4. (a) @ The organic compound A having the molecular formula -CsHmOs reacts with exéess PCl;
to give compound B, having a relative molecular mass of 153. Compound A liberates

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

e Compound A does not exhibit optical jsomerisim. Compound A reacts with pyridinium
chlorochromate t0 give compound C. Compound C gives a silver mirror with ammoniacal
AgNO,. Compound B reacts with water 0 form compound D. Compound D reacts with

(35 marks)

[see page eight
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ZnCIz. Compoun,

. dinitrophenylhydrazine (2,4—DNP) and gives g
with ammoniacs) AgNOs.

silver mirror
(iif) Write the functiona] 8T0Ups present in .

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

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

G
(B () Draw the structure

(14 marks)
of the product | formed in the Televant box when acetone
with dilute aqueous NaOH.

I8 reacted
(i1} Draw the structur

€ of the produyct 1 formed in the relevant box when H is he
hydrohcloric acid.

ated with
HZ z

(©) (i) Draw the sty

clure of the product J formeq In the relevant box from the
between acetone and HCN. : :

J

(i) Write the mechanism of ¢ above reaction,

[see page nine



_ AL2024/02/E-TK(B, C) -9- 7814

'

5&7@ & 8808 mEOT /(;p@u vl pflemoiganl_wig (ALl Rzghts Reserved]
@ oty Bitdw ecmbmc@aﬁm’) & g Some occ)ﬁm % Ry Sl el

NEE .1"5
Guodimal UL oEd ﬁmmﬁ&&aﬂm EeomisnsL] i) i Genaussemt  @eogianel  Lflanrd  Haaudamib
Department of Examinations, Sri Lm:kaDepartmem St EIni6D ; mﬁ'ﬁﬁim&ﬂws Sri Lanka Depariment of Examinations, Sti Lankh

vt i ooty Bmiiton 53’3%&%’“&%@?&-%@@& S R AT AR 8 o, Pe solbasding
anas oy nSn on (casﬁ’ otg) Swooa, 2024
Sevellll Gurglh SITHIN USFr (@ Wi s un"l_sw 2024
General Certificate of Education (Adv. Level) Examigation, 2024 - ¢

i ol cdoe on sommoddes | (g9l ([
Chemistry I b gRnidem wire B
k o

Bana cpenlooag? § gom Soe e@mOme@mﬁ,@

s Universal gas constant R = 8314 ] K~ mol!
% Avogadro constant N, = 6.022 X 10%% mot!

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

5. (a) A mixture of NO(g) and O,(g) in 2:1 molar ratio respectively, was introduced to a rigid closed
container of volume 10 dm® and allowed to react at temperature 7. After a certain time, the
system reached the equilibrium as given below, at temperature T.

2NO(g) + O,(g) = 2NOy(g)
At equilibrivm, the following observations were noted.
e The pressure of the gaseous mixture was 32 x 8.314 x 10% Pa.
e The total number of moles of the three gases was 0.64.
® The mass of O, was 6.4 g.

(i) Calculate the concentration of each gaseous species in mol dm= at equilibrium. (O = 16)
(i) Calculate the equilibrium constant, X at temperature 7.

(iii) Calculate the value of temperature T (in K) under these conditions. State any assumption/s
made.

(iv) Calculate the equilibrium constant K, for the reaction,
2NO,(g) = 2NO(g) + O,(g)

at the temperature determined in (iii) above.
(70 marks)

(b) Consider the information given below at temperature 298 X.

| AH ; (NO(g)) = 90 kJ mol™ |
IN(® + 0,(8) = NO,(g) AF° =33 kI mol"
4NO,(g) + 0,(g) —> 2N,0,(g) AH® =-102 kJ mol

(i) Calculate AH® at temperature 298 K for the reaction,
2NO(g) + O,(g) —> 2NO,(g)

(if) Calculate AH; (NZOS(g)) at témperature 298 K.

(ili) Using the results obtained in (ii) above, predict the following.

L the sign of AS;(N,0,(g))
II. spontaneity of the reaction for the formation of N,O (g) from Ny(g) and O,(g)
(80 marks)

A

[see page ten
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6. (@) According to the kinetic molecular theory of gases, for an ideal gas at temperature T,

PV = % mNC*. Here P is the pressure of the gas, V' is the volume of the gas, m is the mass

of a gas molecule, N is the number of molecules of gas and C* is the mean square speed of
the gas.

(i) Show that (7 =KL

M
(ii) A and B are two ideal gases with molar masses M ', and My respectively. Show that the

for an ideal gas. M is the molar mass of the gas.

M,
mean square speed of gas B (Cﬁ) at temperature 7 =300—2, is equal to the mean
: A

square speed of gas A (EE) at T = 300, (Temperatures are given in kelvin)

(iii) Derive an expression for the ratio between the molar kinetic cnergles of the two gases
A and B at any given temperature T.
(40 marks)

(b) (i) Define the term ‘an clementary reaction’.
' (ii) Define the term ‘molecularity’ of a reaction.
(iii) For an elementary reaction what is the relationship between ‘reaction order’ and ‘molecularity’?
(iv) The following table gives the variation of the concentration of the reactant in a reaction
with time.
Time (minutes) 0 | 10 }20 )30 40
Reactant concentration (mol dm™) 16 1 08104 |02] 0.1

I. Determine the order of the reaction.
1I. State the half-life of the reaction.

(v) Consider the information given below for two first order reactions (D and @ at a given

temperature.
Reaction Reaction rate/ Rate constant/s™ Half-life/s
mol dm™ s!
®: A—P, Fa ky (tll'z)A
@: B—>P, 5 ke (z‘l ’,2)]3
(P,, P, = Products)

A first order reaction with rate consiant, k has a half-life, ¢, = 0.693 693

If 7, = 3r, when [B] = 2[A], show that 2(z,,) =3(z,),. 75 maris)
FGar,

(c) At temperature 25 °C, 50.0 em® of 0.30 g dm™ iodine aqueous solution was shaken well with
10.0 cm?® of CCl,. When the system reached equilibrium the concentration of iodine in the water
layer was found to be 0.02 g dm™,

(i) Calculate the concentration of iodine in the CCl, layer at equilibrium.
(ii) At temperature 25 °C, calculate the partition co~eﬂ“1cient of L, between CCl, and water.

(iii} If the above experiment was done at 25 °C with 20. 0 cm® of CCl, instead 10.0 cm’,
calculate the concentration of iodine in the water layer at equlhbnum
(35 marks)

o

[see page eleven
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7.(@) Mg metal can be extracted by the electrolysis
of molten MgClL(l) using inert electrodes
(examples :Pt, graphite). A simple setup for
this is shown in the diagram.

EMg2+(l)/Mg(s) =-237V

-Power supply

Pt -<— graphite

Mg(l
-0.63V e®

. = Clg(g)
By omvm, @) = l_
(i) Identify the anode and the cathode. Write

the half reaction taking place at each
electrode.

molten MgCl, (1}
Electrolytic cell

(ii) Write the overall cell reaction.

(iii) State the direction of electron flow through the external circuit as the cell operates.

(iv) Explain the following:
L. Molten MgCL/(}) is used instead of MgCl,(s) in this extraction process.
II. A solution of MgClL(aq) cannot be used in this extraction process.

(v) If a 5.37 A current is passed through this cell for one hour and the CL(g) formed is
collected at temperature 300 K and pressure 1 atm (~ 1.0 x 10° Pa), calculate the volume

of Cl(g) produced in dm’. (1 F = 96500 C)
(75 marks)

) (@ P,Q, R, S and T are coordination compounds of Co(IlI). They have an octahedral geometry.
Give the structural formulae or draw the structures of these coordination compounds,
selecting the appropriate species from the list given below.

Co*, K*, NH,, SO., NO, CI

Note : In the above coordination compounds NO, behaves as a monodentate ligand when

attached to the metal ion.

P — Ounly neutral ligands are coordinated to the metal ion. On reaction of an aqueous
solution of P with dil. HCl, reddish-brown fumes are evolved. P gives four ions in
aqueous solution.

Q - Two types of ligands are coordinated to the metal ion. They are neutral ligands and
mono-atomic anionic ligands. A white precipitate insoluble in dilute acid is formed
on addition of BaCl,(aq) to an aqueous solution of Q. Q gives two ions in aqueous
solution.

R - Two types of ligands are coordinated to the metal ion. They are neutral ligands and
multi-atomic anionic ligands. R shows geometric isomerism. On reaction of an aqueous
solution of R with AgNO,(aq), a white precipitate is formed. This precipitate is soluble
in dil. NH,OH. R gives two ions in aqueous solution.

S — It is a non-ionic compound. An equal number of neutral ligands and multi-atomic
anionic ligands are coordinated to the metal ion.

T — Only mono-atomic anionic ligands are coordinated to the metal ion. T gives four ions
in agueous solution.

(i) I Write the IUPAC name of T.
II. Draw the structures of the geometric isomers of R.

(iii) X is a coordma‘uon compound of Co(lll) with an octahedral geometry. The ligands H,O
and CO are coordinated to the metal ion. On treatment of an aqueous solution of X

with AgNO3(aq) a pale yellow precipitate, soluble in conc. NH,OH is formed. X gives
two ions in aqueous solution. Give the structural formula or draw the structure of X.

Note : C‘O3 coordinates to the metal ion thmugh two oxygen atoms.
- (75 marks) )

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

8. (a) Given below is a reaction scheme for the preparation of compound V using ethanol as the
only organic starting material.

Reaction 1 > P Reaction 2

CH,CH,OH Q

Reaction 3

R
Q OH OH

Reaction 4 l Reaction 5 Q Reaction 6 | '
S —————= CH,CHCH,CH, > T = U CH,CCH,CH,
CH,CH,
v

Complete the above reaction scheme by drawing the structures of compounds P, Q, R, 8, T
and U and writing the appropriate reagenis for reactions 1 - ¢ selected only from those given
in the list below.

Reagents:
Dilute H,S0,, Mg/dry ether, PBr,, Pyridinium chlorochromate (PCC)

(60 marks)

() (i) Show how you would carry out the following conversion in not more than four (04) steps.

o — A,

(i) Propose a method to prepare ¢ Y—N=N— )—OH from aniline in not more than twe (02)
steps.
(40 marks)

(¢) (i) Write the product and the mechanism of the reaction that takes place between benzene
and bromine in the presence of anhydrous FeBr..

(i) Draw the resonance structures of benzene and aniline.

(iii) Considering the above resonance structures, explain why the benzene nucleus in aniline is
more reactive towards electrophilic substitution reactions than benzene itself.

(iv) Draw the structure of the product formed when aniline reacts with bromine.
{50 marks)

[see page thirteen
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-

9. (a) The following question is based on the qualitative analysis of cations.
An aqueous solution M contains one cation of each of the metals A, B, C and D.
M is analysed according to the scheme given below. '
The symbols given in the box are used to represent precipitate with solution, solids, solutions

and gases.
precipitate with solution solid solution
dil. HCVH,S
filter
VA S —
black black colourless
hot (1) boil
dil HNO (2) conc. HNO,/A
3 (3) cool to room temperature
|:| (4) NH,OH/NH,C1

. E vellow
light blue

| [ ] (1 boil
light blue colourless (2) cool to room temperature
NH,OH green (3) NH,OH/NH,Cl
(1) excess H,S (slight excess)
dil. NaOH {4y (NH,),CO,
3 (2)H,0,
decp blue light pinlc ——n»v e
=] 5, |
—> 5
yellow l filter white colonrless
l dil. LSO, ‘e i filter
. . flame bnck—red
o 0"* st calow
orange l * 3 wl:ute

hght pmk
cone. D, + e
NaOH HCI
white

colourless
v _ l HO

croam yellow
colour (greenish
yellow) colourless
'L dil. 7,50,
'D4
white

A-A, B-B,, C~C, and D,-D; are compounds/species of the four cations of metals A, B,
C and D. X is a gas.
Identify A, A,, A,, A,, B, B,, B,;, C|. C,, C,,.C,, D,, D,, B, B, D, and X.
(Note : Write only chemical formulae. Chemical equations and reasons are mot required.)

(75 marks) )

[see page fourteen
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(b) The main compound present in iron pyrite is FeS,. A 1.50 g sample of iron pyr1te was
oxidized under laboratory conditions and all the sulphur in FeS, was converted to SO . The
resultant SO was precipitated as BaSO,. The dry weight of BaSO obtained was 4. 66 g.

(i) Calculate the weight percentage of FeS, present in iron pyrite.

FeS, in 20.0 g of iron pyrite was subjected to oxidation by soil microbes under natural conditions
for 120 hours.

This oxidation reaction is represented in the following equation.

soil microbes
4FeSz(s) + 1502(g) + 14H,0(0)

4Fe(OH),(s) + 8H,80, (aq)

H,S0, that was produced in this reaction afier 120 hours was quantitatively separated and precipitated
as BaSO,. The dry weight of BaSO, obtained was 31.13 g.

(if) Calculate the percentage conversion of FeS, in iron pyrite to SOi_ after 120 hours by soil

microbes. _ _
Experimentally obtained mass

) using soil microbes
Note : Percentage conversion = - x 100
Theoretical mass

(iii) Calculate the amount of iron pyrite required to produce 8 kg of H,S0, by soil microbes

when the conversion percentage of FeS, in iron pyrite to SO is 100%
(Relative atomic mass: O=16, S=32, Fe 56, Ba=137)
(75 marks)

10.(a) The following questions are based on the Solvay process.
(i) What is the main product of the Solvay process?
(ii) What is the main by-product of the Solvay process?
(ili) What are the raw materials (starting materials) used in the Solvay process?

(iv) Which one of these raw materials in (jii) above is not consumed in the process but is
recycled repeatedly?

(v) Identify the first step of the Solvay process in which raw materials are mixed inside a
tower which consists of perforated clay trays. Explain why this is carried out ai a low
temperature,

(vi) Give three uses of the main product of the Solvay process.

(vii) Give three reasons contributing to the economic profitability of the Solvay process.
(50 marks)

() Briefly explain each of the following statements.
(i) Agriculture contributes to global warming.
(ii) Tron extraction contributes to global warming.
(iii)'Tiansportation contributes to photochemical smog.

In ybur answer indicate how the chemical species responsible for the given environmental effect

in each of the statements above isfare formed.
(30 rmarks)

~

o
- [see page fifteen



AL/2024/02/E-TI(B, C) -15-

. (¢) (i) The following questions are based on vinegar production.
I. State what is the process used in the production of natural vinegar.
II. Write the name of the active chemical ingredient present in natural vinegar.

III. Name the titrant and the indicator used in the quantitative determination of the active
chemical ingredient in natural vinegar.

IV. State the difference in composition between natural vinegar and artificial vinegar.

(ii) The following questions arc based on the extraction of essential oils from plants.
I. Name three methods that can be used to extract essential oils.

IL. State which of the above methods is based on the application of Daltons Law of
partial pressures. :

III. Name the major compound present in each of the essential oils given below.
@ Citronella oil
@ Cinnamon root oil

@ Cinnamon leaf cil
(50 marks)

—

[see page sixteen



