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L.

e  This paper consists of 10 pages.

e  Answer all questions.

e  Use of calculatros in not allowed.

e Write your Index Number in the space prvided in the answer sheet.

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

e 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 crooss (x) in accordance with the
instructions given on the back of the answer sheet.

*  Universal gas constant R = 8.314 kJ™' mol” *  Avogadro constant N, = 6.022 x 10 mol”
*  Pianck’s constant h =6.626 x 10** Js *  Velocity of light C =3 x10°ms”

01. Which of the following electron transitions emits the highest energy in the formation of emission
spectrum of Hydrogen? (n — Principal quantum number)
(1) n=2—n=1 (2) n=«< -n=2 3 n=5—-n=2
4 n=1—n=35 (5) n=1l—>n=«

02. Which of the following molecules has a Lewis structure with an odd number of electrons exceeding the octet

(1) NO (2) NO, (3) CLO 4) Clo, (5) SO,

03. The decreasing order of the second ionization energy of Na, Mg, Al, Si, P and S is,
(1) S>P>Si>Al>Mg>Na (2) Na>P>S8>8i>Al>Mg
(3) Na>S>P>Al>Si>Mg (4) P>S>Si<Mg>Al<Na
(5) S>P>Na>Si>Al>Mg

04. How many times is the energy of a photon of light with 5 x 10" Hz. comparing with the energy of a
photon of light with 450 nm?

1 3 4 3 4
N = . 3) — 4) =xI10 5 —x10°
(}4 (}4 ()3 {)4>< (}3><

05. What is the IUPAC name of the following compound?

0
CH, =CH—C—$H—CH;
CHO
(1) 4 —formylpent—1—en—3 - one (2) 2 — methylpent — 3 — oxo - enal
(3) 2 — methyl — 3 — oxopent — 4 — enal (4) 4—methyl -3 — oxopent—1 —en—5 - al
(5) 2—tormylpent—4 —en—3 - one
1




07.

08.

09.

10.

11.

The increasing order of electronegativity of nitrogen (N) atom in NH,, NH, , NH [, NO, and HNO; is,
(1) HNO;< NO; < NH] <NH;< NH; (2) NO; <HNO;<NH; <NH;< NH,
(3) NH, <NH; < NH; < HNO; < NO; (4) NH; < NH; < NH, < NO; < HNO;

(5) NH; <NH;<NH <NO; < HNO,

If 0.5 mol of electrons are exchanged in the formation of S, by the reaction of H.S., and SO,
amount of reacted SO, and mass of S,, formed respectively are, (S = 32)

(1) 0.125moland 12.0 g (2) 0.125 mol and 0.375 g (3) 0.25moland 24.0 g

(4) 0.25moland 0.75 g (5) 0.0625 mol and 6.0 g

Pale pink colour aqueous solution x reacts with NaOH solution and with aqueous NH; forming cream
coloured precipitates in two seperate occasions. A yellow coloured solution is formed by x, when reacts

with conc. HCI solution. The cation that exists in solution x would be,

(1) Co™ 2) Mg* (3) Zn™ 4) Fe* (5) Mn™*

Three consecutive elements A, B and C which are in order in the same period of the periodic table form
ACs, AC:B, ACB; and A:;B molecules with no formal charges on the central atom A. If the valence
shell electron configuration of A is ns np’, which of the following statements excludes the shapes of
any of the above molecules?

(1) trigonal bipyramidal, linear, tetrahedral (2) trigonal pyramidal, T - shape, see - saw

(3) linear, angular, square planar (4) tetrahedral, T - shape. trigonal pyramidal

(5) trigonal planar, see - saw, angular

If K, value of sparingly soluble saturated solution of M(OH); is 3.2x 10" mol* dm™? and pH is 9,
concentration of M* " (ag 10 this solution would be,

(1) 3.2x 10" mol dm™ (2) 2.0x 107 mol dm™ (3) 1.2x10° mol dm™

(4) 3.56 x 10° mol dm” (5) 3.2x 10”° mol dm™

The correct statement with regard to the chemical properties of X0, in accordance with the halogen

represented by X is,

X Chemical Properties
(1) Cl Stable at higher temperature
2) Br Stable even at low temperature
(3) Cl Under basic conditions. disproportionation is predominant
(4) Cl X0 is more stable than HOX, under acidic conditions
(5) I Does not undergo disproportionation at low temperature

?
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12.

13.

14.

15.

At the same temperature, partial pressure of He, in a mixture of equal mass of He and O, in a closed
rigid vessel is P. If the ideal behaviour of gases is assumed partial pressure of Oy, would be

(He=4,0,=16)

) g @) E @) P @) 4P (5) 8P

The possible products of the reaction of CH; — C = CH with HBr in accordance with Markovnikovs rule
would be,

(1) CH;—-C(Br)=CH, and CH; - CH, — CH(Br),

(2) CH;— CH,— CH(Br); and CH;— CH = CH(Br)

(3) CH;-C(Br)=CH,; and CH; - C(Br). — CH;

(4) CH;— CH(Br) — CH,(Br) and CH;— CH = CH(Br)

(5) CH;—C(Br); — CH; and CH; — CH(Br) — CH,(Br)

If the minimum volume of KMnO, needed to completely react with 27.00 cm’ of 0.25 mol dm™ of

Fe (NO,), in acidic medium is 2.25 ¢cm’, minimum volume of the same KMnO, solution that is needed
to completely react with 27.00 cm’ of 0.25 mol dm™ of Fe(INO:): solution in acidic medium would be
(Assume that acid involves only in providing the reaction medium)

(1) 2.25 cm’ (2) 45cm’ (3) 6.75 cm’ ) 1125cm’ (5) 225cm’

Titration curve for the titraton of 25.00 cm’ of 0.10 mol dm™

Na,COj; solution with 0.10 mol dm™ HCI solution is given

here. Which of the following statement is correct with regard T

[

to this titration? T a0
5.0
4.0
0 -
10

] |_ .

T w2 w4 3 o

Volume of HCI / cm®
(1) First equivalence point is due to the reaction of C’O._f_ ions with HCl to form HCO, and the

second equivalence point is due to the reaction of HCO, ions with water to convert into H,CO,

(2) First equivalence point can be detected by methyl orange indicator while the second equivalence

point can be detected by phenolphthalein indicator
(3) HCO; acts as an acid at the first equivalence point
(4) Water acts as an acid at the second equivalence point
(5) At the first equivalence point, pH of the system is determined by the extent of reaction of HCO;

ions with water.




16. If the balanced chemical equation 2A + B — C represents an elementary reaction, at constant
temperature, which statement of the following is correct?
(1) Initial rate of the reaction is R = k [2A] [B]
(2) Unit of rate constant k is dm’ mol ' s™!
(3) Value of rate constant k is independent on the initial concentrations of reactants A and B
(4) When the concentration of reactant B is kept constant and the concentration of reactant A is
doubled, the reaction rate doubles.

(5) Initial rate is independent on the initial concentrations of reactants.

17. Volume of a Na,S,0; solution needed to react completely with the water layer of an equilibrium system
formed by the distribution of I, in 5.0 cm® of CHCI, and 50.00cm’ of water at room temperature is
10.0 cm®. Volume of the Na,$,0; solution needed to react completely with the equilibrium system is,
(Distribution coefficient of I, between water and CHCl; = 2 X ]()'z)

(1) 10cm’ (2) 20cem’ (3) 50cm’ 4) 60cm’ (5) 500cm’

18. Which of the following statement is correct with regard to natural rubber?
(1) Ammonia solution can be used for the coagulation of latex
(2) Monomer is isoprene
(3) The — CHO groups associated with the outer layers of a rubber particle make the outer layer
negatively charged
(4) The coagulation can be prevented by adding acids

(5) In vulcanizing of rubber, it is heated with 1% - 3% sulphur

19. Which species of the following is the most stable in an aqueous solution?
? (o) 0 +OH
(1) R-C-0O (2) @ 3) R-O (4 R-C-OH (5) -

20. Value of pH at the equivalence point of the titration of 25.00 cm® of 0.30 mol dm™ monobasic weak
acid with 0.15 mol dm™ NaOH solution is,
(K, of weak acid = 1 x 10" mol dm”, K,, = 1 x 10™* mol® dm™)

1y 3 (2) 5 3) 6 4 9 (5) 11

21. The incorrect statement with regard to HF, HCI, HBr and HI when the compounds are arranged in the
assending order of property given in parenthesis is,
(1) HF < HCI < HBr < HI (bond length) (2) HCI < HBr < HI < HF (boilling point)
(3) HF < HCI < HBr < HI (acidic strength) (4) HCI < HBr < HI < HF (melting point)
(5) HI < HBr < HCI < HF (bond dissociation energy)
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22.

23.

24.

25,

26.

At 98°C saturated vapour pressures of water and C;HsNH, are respectively 94.3 kPa and 7.07 kPa
Normal boiling points of these compounds are 100°C and 184°C respectively. If C¢HsNH, is seperated

by steam distillation, the boiling point of the mixture would be approximately,

(1) 284°C (2) 184°C 3) 100°C 4) 98’C (5) 25°C

Which of the following species is an intermediate of reaction mechanism of alcohols (R — OH) with
HBr?
+ - +/H
(1) R-0 2) R-0 3) R-0
“H
(4) R-Br (5) Br—R" - O

If the K, values of PbCl,, Pbl, and AgCl are 1.8 x 10° mol* dm™, 1.4 x 10® mol* dm™ and 18 x 107"
mol’® dm™® respectively, at constant remperature, the compounds that can be added to the equilibrium
system PbCly,, = sz*mq-, + 2Cl 4y in order to shift the equilibrium point towards the left side and the
right side respectively are,

(1) KCl and KI;, (2) AgNO;, and Pb(NO;)y, (3) AgNO; and Kl
(4) Pb(NO;),, and KCl,, (5) Kl and Pb(NO:)s,

If 31.2 g of pure hydrated MgCO;.nH;O undergoes complete thermal decomposition and the mass of
solid oxide given is 8.0 g, value of n would be, (Mg=24,0=16,C=12, H=1)
(1y 0.2 (2) 0.8 3) 2 4 4 (5) 8

Consider the following reaction.

A < CHi-C-Co H B
2) H'/H,0 3-G-CHs 2) H*/H,0

1) CHs;MgBr 0O 1) LiAlH,4/ dry ether

Which of the following statement shows the compounds A and B along with the change in oxidation
state of the atom C, respectively?

OH
(1) (CHj)— (lj — C;Hs, CH,CH,CH,CHj; - oxidation, reduction

OH OH
(2) (CHj) - é — CyHs, CH3 — CH C5Hs - reduction, reduction
g o
(3) (C;Hs), — C - CH;, CH; - CH — C,H; - reduction, reduction
OIH OH
(4) (CHi3)»—-C-C:Hs, CHs - (]JH — C;Hs - oxidation, reduction
OH ?H

|
(5) CH,-CH - C;H;, CH; — CH — CH,0OH - oxidation, oxidation




27. If the standard enthalpies of formation of CO,y, and COy, are -393.5 kJmol" and -110.5 kJmol”
respectively, the correct statement with regard to the thermodynamic conditions of COs, and CO is,
(1) When the temperature drops, thermodynamic stability of CO,, decreases
(2) When the temperature drops, thermodynamic stability of CO,,, decreases
(3) When the temperature increases, the negative (-) nature of AG for the formation of CO(g) decreases
(4) At constant temperature, AS for the production of COy, from the reactants Cg, and CO,, is a
negative (-) value

(5) AH for the production of CO,,, from the reactants C,, and CO,,, is a negative (-) value.

28. If water is electrolysed by using inert electrodes and passing a current of 1.6 A through acidic water
under the temperature T(K) and pressure P(Pa), the volume of gas evolved at the anode is V (m?), the
time (in seconds) taken to pass the current through water is,

(R = Universal gas constant, F = Faraday constant)

5( PVF 5 5( PVF 5( PVF 8( PVF
(1) —(—) (2) g(F) 3) —[—) @) —(—] (5) —[—)

8\ RT 4\ RT 2y BT S\ RT

29. Compounds y and z are given by chemical compound x, when reacts with the same reagent seperately
under two different temperature conditions. If compound z acting as an electrophile, reacts with y in the

presence of NaOH, forming an orange coloured compound, x, y and z would be respectively,

(1) @,NHZ OH @,N = NCI
N

©/ NC1'©,0H @,NH;
©/NH OH @, N=N —@—OH

Sl N = NCI

o O U
@ NcrHO @,NHE @,N N—~)-oH

30. When considerable quantity of mass of CaCO;) undergoes thermal decomposition in a closed rigid

[

(2)
(3)
C))
(5)

vessel of 1.0 dm® at 1125 K, the total pressure of the equilibrium system is,

(K. for the decomposition of CaCOs is 1.7x 10 mol dm™)

(1) 6.25x 10 Pa (2) 1.7x107Pa (3) 17.0Pa
(4) 1.6x 10’ Pa (5) 1.6x10 Pa
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31.

32,

33.

34.

35.

36.

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 (c) are correct

(3) if only (c) 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.
| 2 3 4 5
Only (a) and| Only (b) and| Only (c) and| Only (d) Any other number or
(b) are (c) are (d) are and (a) are | combination of responses
correct correct correct correct are correct

Which of the following reaction / reactions is / are endothermic?

(a) Na+[g] +H,0p — Na+[ﬁq) (b) Li{gl - Li+{gl+ e () Beg te— Be (g) (d) Fgt+te— F (gh

Which statement / statements of the following is / are correct with regard to the molecules of O, and O5?

(a) Bond distance between atoms in O» molecule is equal to the bond distance between atoms in Oj
molecule.

(b) Hybridizations of atoms of O, molecule and the central atom of O; molecule are s~;p2

(¢) Bond distance between any two atoms of O3 molecule is equal

(d) O; as well as O; produces atomic oxygen by endothermic reactions in the stratosphere.

Raw material / materials used in the production of nitric acid by Ostwald method is / are,

(a) NH; gas (b) atmospheric air (c) H,gas (d) water

Which of the following statement / statements is / are correct in arranging the compounds in the assending
order of their solubility?

(a) Mg (OH); < AI(OH); < Ba(OH), (b) Sb,S; < ZnS < MgS

(¢) CaC,0, < CaS0, < CaCrOy (d) Bi,S; < BiCl; < BiOCl

Counter — Curent princeple is applied in,
(a) the production of H,SO, by contact process (b) the production of Na,COs by solvey process
(c) the extraction of Mg by dow process (d) the production of NaOH by membrane cell method

The balanced equation for the hydrolysis of (CHs); CBr, and the rate law for the reaction are given
below
(CH3)3 CBry, + H.Oy — (CHa)s C — OHyy, + HBry
Rate = K [(CH3); CBry)




Which statement / statements of the following is / are correct with regard to the above reaction and the

rate low?
(a) H,O, does not take part in the reaction (b) The reaction is zeroth order with respect to water
(¢) The overall order of the reaction is one (d) The reaction is a multi — step reaction

37. Which statement / statements is / are correct with regard to the decreasing order of boiling points?
(a) O,>NO>HBr (b) Br; > NO > O, (¢) IC1>Br,>HBr (d) ICl>NO > Br,
38. Which of the following statement / statements shows / show the correct standard notation of redox
electrodes?
(a) Pt/ Sn2+[aq, 1 nmldm-;)u Sn4+{uqs 1 mol dmdl
(b_} Pt{sr'lr Fez+[aq1 1 ol dm_s]a Fe”(aq, 1 mol dm_3]
(C} Pth'l / Hzng / H+{:1q » 1 mol dm-ﬂ}
(d} Pt{s] ! Cu+{uq. 1 mt:ldm-sl / Cu2+uq. 1 mnldm-.j}
39. Which of the following reagent / reagents shows / show neucleophilic substitution reactions with alkyl
halides?
(a) NH; (b) H,O (¢) aleoholic KOH (d) KCN
40. At constant temperature, the balanced chemical equation for the decomposition of reactant A, is
2A5— B, + C,, :AH < 0 If this is an elementary reaction, which of the following graph / graphs is /
are not relevant to the reaction?
A A A oA
b —_— 31
a = 2 a4
: m o
& = 3 g
=] o = =
£ 5§ [22w g g
mﬁ oy n? BI.'!'I " Clg]j.._ e m B
[As] Reaction progress log (time) [A3]2
(a) (b) (c) (d)
. In question number 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 correcrly explains the first statement
2 True True but does not explain the first statement correctly
3 True False
1 False True
5 False False
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First statement

Second statement

41. | First ionization energies of 4" period d block | Across the 4™ period, variation of the first
elements are higher than that of the s block| ionization energy of d block elements is less than
elements in the same period. that of s and p block elements

42. | CO, does not display either normal boiling| Position of the triple point of CO, is below the
point or normal melting point atmospheric pressure

43. | cis and trans isomers of The constituent atoms of both cis and trans
CH; — CH = CH — CH; can be suprimposed | isomers of CH; — CH = CH — CH; are connected in
on each other the same order

44. | The vapour pressure of a binary liquid| The enthalpy change of a binary liquid system that
system that shows a negtive deviation from| shows negative deviation from Rault’s law is zero
Rault’s law is always lesser than that
expected from an ideal mixture

45. CH;undergoes oxidation in the presence Benzene (CgHy), can be oxidised by normal
of H' / KMnO, forming @,«COOH oxidizing agents like H" / KMnO,

46. | Under the same pressure, molar volume of an| Under any temperature and pressure, molar
ideal gas at 273 K is higher than the molar| volume of a given ideal gas is the same.
volume of an ideal gas at 298 K

47. | Entropy change of formation of H,O, by the| The standard entropy values of H,, and Oy, are
reaction of H,, and O, 1s negative ZETO

48. | The equilibrium constant K, of the Value of K. of a given equilibrium system is
equilibrium system, constant at constant temperature
N0y = 2NOs,, ; A H > O can be increased
by increasing the temperature

49. | NaCl (brine) is added to decrease the| When NaCl is added, the equilibrium
solubility of soap in the aqueous phase, in the| H,O, + RCOO™ Na'(;, 2 RCOO g, + Na' g, shifts
production of soap by hot process. to the left and the soap molecules seperate from

the aqueous phase.

50. | The permanent hardness of water is due to| When the total concentration of polyvalent metal

the presence of HCO, ions and CO_f_ ions

at a concentration greater than the total

concentration of polyvalent metal cations.

cations in water is below the concentration of
HCO; and CO? " ions, the metal cations cannot

be completely precipitated only by boiling of water
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s ] ][] 1]

Part B — Essay

o  Answer two questions only. (150 marks will be awarded for each question.)

05. (a) Under suitable conditions, NO,) and COy react to form Ny and COyy) .
(i) Write the balanced chemical equation for the above reaction. Explain whether CO gas
undergoes oxidation or reduction in this reaction.
(if) Predict the sign of AS" for the above reaction without calculation.
(iii) The standard Gibbs energies of formation of NO,), COy and COs are +86.55 kJ mol™, -

137.15 k]I mol"! and -394.36 kJ mol*' respectively.

(I) Calculate the AG" value of the reaction at 298 K.

(II) If the AH value of the reaction for the formation of one mole of Ny is -746 kJ mol”,
calculate AS" for the reaction at 298 K and show that your prediction in (ii) above is
correct.

(Marks 35)
(b) (i) Explain why the rate of a reaction increases when the concentration of a reactant is
increased.
(ii) Explain why the rate of a reaction generally increases with an increase in temperature.
(iii) What is the relationship between the order and molecularity of an elementary reaction?
(iv) It has been experimentally found that the multi-step reaction 2NOg + Oz = 2NOy,, occurs
via the following elementary steps:
Step 1 — NOyg) + Osgy = NOjyg (fast)
Step 2 — NOj(g+ NOgg) = 2NO2) (slow)

(I) State which of these steps determines the rate of the reaction.

(I) According to the above mechanism, name the chemical species present as intermediates or
catalysts, if any.

(I1I) Considering the rate-determining step of the reaction, write a rate expression and define
all terms.

(IV) If the equilibrium constant for Step 1 is Kc, derive the empirical rate law for the reaction
given in (iv).

(Marks 40)

11




(¢) At a temperature of 25°C, 25.00 cm® of an aqueous NH; solution of unknown concentration in a
chemistry laboratory was measured using a pipette and added into a titration flask. Subsequently, it
was titrated against a standard solution of 0.10 mol dm™ HCI contained in a burette. The volume of
HCI used was 20.00 cm®. (At 25°C, K, of NH: = 1.8 X 10~ moldm~, K, =1 x 10" mol®> dm™®)

(i) Write the balanced chemical equation for the reaction occurring in this titration experiment.
(i) Calculate the concentration of the initial NH3 solution in mol dm.
(iii) Calculate the pH wvalue of the initial NH; solution.
(iv) At the equivalence point:
(a) What is the main salt species present in the system? Write the equilibrium equation
showing how its cation undergoes hydrolysis.
(b) State whether the pH value of the solution at the equivalence point is less than, greater
than, or equal to 7, and give reasons.
(¢) Find the pH value at the equivalence point.
(v) State whether methyl orange or phenolphthalein is more suitable as the indicator for this
titration, and explain the reason using the pH range of the indicator.
(vi) Draw a sketch of the titration curve showing how the pH value of the solution in the titration
flask (y-axis) varies against the volume of HCl added (x-axis).
(vii) Clearly mark the following on the curve drawn by you:
1. Initial pH value (before adding HCI)
2. Equivalence point
3. Buffer region
(Marks 75)

06. (a) (i) What is meant by an ideal solution?

(ii) Consider a binary ideal solution containing non-reacting liquids A and B in dynamic
equilibrium with its vapor phase at a constant temperature in a closed system. Write down all
dynamic equilibria present in this system.

(iii) Write the rate expressions for the forward and reverse processes of the dynamic equilibrium
involving A mentioned above. Define any symbols you use.

(iv) Hence, derive the expression P, = P/ X , . Here,

P, = partial pressure of A,

Py = partial pressure of B,

PA" = saturated vapor pressure of pure A

X, = mole fraction of A in the liquid phase

(Marks 30)

?
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(b) 0.8314 dm’ each of liquids A and B were introduced into an evacuated vessel of volume 83.805 dm’
and allowed to reach equilibrium. At 300 K, the total pressure is 3.00 x 10° Pa. At 300 K, the molar
volumes of liquids A and B are 8.314 x 10?2 dm*mol™ and 4.157 x 10-*dm’mol" respectively. The
solution containing A and B behaves ideally. (Take 83.805 dm® = 100.8 x 0.8314 dm"®)

(i) Calculate separately the amounts of moles of A and B mixed together.

(ii) If the mole fraction of A in the vapor phase is 0.2, calculate the partial pressures of A and B
separately.

(iii) Assuming the volume of the vapor phase to be 83.805 dm’, calculate the amounts of moles of
A and B present in the vapor phase separately.

(iv) Calculate the saturated vapor pressures of pure A and B at 300 K separately.

(v) The temperature of the above system was increased until liquids A and B were completely
vaporized. Under these conditions, gas A alone undergoes partial dissociation according to
A = 2Cy. When the system reached equilibrium, the total pressure was 1.4 x 10° Pa at a
temperature of 403.2 K.
1. Calculate the total number of moles of gas in the system.
2. Calculate the partial pressure of each component at 403.2 K.
3. Calculate K, for the equilibrium in (v) above at 403.2 K.

(Marks 70)

(¢) HA is a weak acid soluble in water. HA is also soluble in organic solvent B, but it undergoes neither
association nor dissociation in B. Solvent B and water are completely immiscible with each other.
A 100.00 cm’® volume of 0.50 mol dm™ aqueous HA solution was mixed with 50.00 cm? of liquid B,
shaken well, and allowed to separate into layers. The system was allowed to reach equilibrium at a
temperature of 27"C. Finally, the pH of the aqueous layer was found to be 4.0.
(Ka of HA =1 x 107 mol dm™) Calculate the following.
(i) The hydrogen ion concentration in the aqueous layer.
(ii) The concentration of undissociated HA in the aqueous layer.
(iii) The concentration of undissociated HA in the organic layer B.
(iv) The distribution coefficient (partition coefficient) of HA between water and B at 27°C.
(Marks 50)

07. (a) (i) L. Write the oxidation half-reaction corresponding to the Pty | Hgwn | Hg:Clas [Cliag
electrode.
Il. State how the electrode potential of the Pt | Hg | HgaClag) [Cliagy electrode depends on

the concentration of CI in the solution, and explain your answer.

1
A : ; 24 i 4+
(i) Consider this reaction. Sn,,, +2H +E Oy oy = S, + H,0,,

13




II. If the above reaction represents the cell reaction of an electrochemical cell,

a I

(iii) As shown in the figure, a volume of 250.00 cm® of 0.02 moldm™ FeCl, aqueous solution is
electrolyzed at 25°C using platinum (Pt) electrodes while passing a current of 193 pA.
(At 25°C, the solubility product of \ Fe(OH)x), Kyp = 8 X 107¢ mol® dm™, 1F = 96500 C mol™")

I.  Write the reduction and oxidation half-reactions occurring at the cathode and anode,

Draw a rough sketch of that cell .
(You are provided with a voltmeter and a salt bridge.)

Write the [UPAC cell notation (standard notation) to represent the above cell (drawn

in a).

&

E.\-n"' {ag) | Snrgr]u,, =0.15V

&

EH.'..m [ Oy | HaOy = 1.23V Find the standard electromotive force (e.m.f.) of the cell.

}—

respectively.

II. Calculate the time taken for an Fe(OH),( precipitate to first form in the solution.
(Assumptions: The volume of the solution remains unchanged due to electrolysis; ignore

the "OH ions resulting from the self-ionization of water.)

(b) ® P is an element in the d-block of the fourth period in the periodic table, and the aqueous

solution of the P™" ion 1s colored.

* When P,, an oxoanion derived from the highest oxidation state of P, reacts with concentrated
NaOH, it forms a dark green solution P; and a colorless, odorless diatomic gas. When solution
Q is added to the dark green solution P, the solution turns brown, and a brown precipitate P is
obtained. Also, a colorless, odorless, diatomic gas that supports combustion is evolved.

& () is a colorless, viscous liquid. It can act as both an oxidizing agent and a reducing agent. It is

also used as a disinfectant.

e When concentrated HCI solution is added to P, it gives a colorless solution P4 and evolves a

pale green gas Ps with a pungent odor.

?

Write the oxidation and reduction half-reactions relevant to the above reaction.

+——"Pt)

:“:E:‘:“:E “:"E"'—‘ FeClagg) 0.02 mol dm™

. 4
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s  When excess NaOH is added to an aqueous solution of P"", a precipitate P is formed which is
insoluble in excess NaOH. When the precipitate P; is exposed to atmospheric air, the brown
precipitate P; is formed again.

s When H:S is bubbled through a basic aqueous solution of P"", a light pink precipitate P- is
formed.

Based on the above information, answer the following questions:

(i) Identify the chemical species P, P*, P, Ps, Ps, P4, Ps, Ps, P;, O and write their chemical

formulas.

(ii) Write the electronic configuration of P.

(iii) Write the IUPAC name of P-.

(iv) Write balanced chemical equations for the following chemical transformations. (use the

relevant chemical formulas instead of symbols)

(a) P:+NaOH ——— P>+ Diatomic gas
(by P.+Q — P, + Diatomic gas
(¢) P;+HCI — P; + Colourless solution

(d) P+ Atmospheric air ——p P

(e) P +HaS — P
(Marks 75)
Part C - Fssay
. Answer two questions only. (150 marks will be awarded for each question.)
08. (a) A reaction scheme for the preparation of compound S, using benzene as the starting organic

compound, is given below.

R R R
@-—]le 2: Xs 3“.—‘ Xa

R4

(i) X1 Re Rs

{ii)lTX6 AT W
OH
e

CH;

Complete the above reaction scheme by selecting only from the given list of products (X — Xs) and

reagents (R, — R).

15




List of reagents
H-0, Alcoholic KOH, Brs, Concentrated H.SO; , NaBH4, C:HsMgBr, Dry ether,
CH1COCl, Anhydrous AlCli, CH;0H

(Marks 50)

(b) Show how each of the following conversions can be carried out using not more than 4 steps.

i CHy, ———> 2 —butanol (Use C:H: as the only organic compound.)

CH>NH>
(i) CHsNH, — 5
CHs
(Marks 40)
(¢) Consider the organic compounds benzene and aniline. Aniline shows a higher reactivity towards
electrophilic substitution reactions.
(i) Draw the resonance structures of benzene.
(ii) Draw the resonance structures of aniline.
(iii) Using the resonance structures in (i) and (ii) above, explain how the reactivity of aniline
becomes higher.
(iv) Mention a suitable reaction to confirm the validity of the above statement and demonstrate the

difference in reactivity between aniline and benzene.

(Marks 18)

(d) (i) State which group of compounds is more basic between alcohols and amines, and explain the
reason for it being more basic.
(ii) State the product of the reaction of CHiCH-OH with HBr and write the mechanism of this
reaction.
(iii) Draw the structures of all possible products that can be formed from the reaction of CH3NH,
with CHsCl.
(Marks 42)

?
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09. (a) The tests performed for the aqueous cations of two d-block elements present in an aqueous solution

A, and their observations are given below.

Acgeous solution A

Dilute NH; Solution
A4

Dirty green precipitate, Qi

Excess Dilute NH: Solution

N N
S; — Dark blue solution Q> — Light green precipitate
Addition of dilute HCI Addmg sonoenirgied
HNO: and heating
W A4
S; — Light green soulution S: — Yellow- brown solution
Add DMG and add Add K4 [Fe(CN)s]
\E dilute NH; A
QQ; — Dard red precipitate (Rosy — Red) Q4 — Prussian blue precipitate

(i) Identify the ions contained in the aqueous solution.

(ii) Write the chemical formulae of the chemical species responsible for the color of the
precipitates Q, Q2, Qs, Qs and the solutions S, S», Ss.

(iii) Write another test and its observations not mentioned here to identify the cation present in
solution S.

(iv) State the [UPAC name, geometric shape, and coordination number of the chemical species S;.

(v) State the observations you can see when precipitate Q) is exposed to the atmosphere for a short
time, and explain the reason for it. Write the balanced chemical equation relevant to the
chemical change taking place here.

(Marks 75)

(b) »  Excess CaCl; solution was added to a 100 cm® solution containing NO, ,C,0,”and CO,” ions.

The resulting precipitate was filtered, dried well, and brought to a constant mass of 0.50 g.
Subsequently, that precipitate was dissolved in dilute HSO4 and titrated with an H™ / KMnQO,
solution. At the end point, the volume of 0.02 mol dm” KMnOurequired was 20.00 cm’.

e  The precipitate obtained from adding CaCl: above is filtered off. To the filtrate Al powder and
excess NaOH solution were added, and the solution was heated. The gas liberated during this
was passed into 20.00 ¢cm? of a 0.10 mol dm™* HCI solution. The amount of 0.1 moldm™ NaOH

required to neutralize the remaining HCI was 10.00 cm’.

17




10. (a)

(i) State the chemical formulae of the substances contained in the precipitates obtained when

CaCl: was added.

(ii) Write the relevant balanced chemical equations for the reactions carried out in these processes.

(iii) Calculate the concentration of C,0,” in the solution
(iv) Find the concentration of CO;” in the solution.

(v) Find the concentration of NO; in the solution.

(vi) Name suitable indicators for the titrations carried out here.

(Marks 75)

The block diagram below shows an integrated industrial process proposed by a student as suitable to
be implemented in a region in the Southern Province with a dark-coloured sea beach. Here, A, B, C,
and D are natural raw materials. Ba is a gas possessing bleaching properties. B; is a gas that mainly

contributes to global warming.

Electrolysis (1) P

¢ A 4
+ P, +.— P, + /’w

: P
O; Temperature T» -
A{— Liquid air )
A
W P3
PG v
9+@)-[Ps
0,
W
0 H,O
P, —| Py 2| Py P1o
0,

(i) Identify the raw materials A, B, C,and D .
(ii) Write the chemical formulae of the products Py to Pyg.

(iii) Write the chemical formulae of the by-products B, to Bs.

?
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(b)

(c)

(d)

(iv) a)

)
(i)
(i)

Py — P
b) Py —» Py
¢c) B+C+D — P, +B;
d) P.+0: — P> (where O; is oxygen)

Write balanced chemical equations for the above chemical processes. State the reaction
conditions where appropriate.

Write one use each for the substances Ps, Ps and P, (Marks 75)
Name 2 plants used for the extraction of essential oils in Sri Lanka..

Name one important chemical compound contained in the essential oils extracted from each of

them.

(iii) Steam distillation is mostly used for the extraction of essential oils. State 2 advantages of this

®

(ii)

method. (Marks 20)

Show the reactions taking place in the production of ethanol using starch, using chemical
equations.

State 2 advantages of using ethanol as a fuel. (Marks 20)

"Temporary hardness is defined as the presence of bicarbonate ions and carbonate ions in a higher

concentration than the total concentration of polyvalent cations such as Mg®", Ca®, ... dissolved in

water."

)

How can temporary hardness of water be easily removed?

(ii) State 2 problems caused by the hardness of water in daily life.

(iii) A 100.00cm’® sample of water required 16.00 cm® of 0.02 mol dm™ HCIl for complete

neutralization in the presence of methyl orange indicator. Calculate the temporary hardness of

this water sample and express it in mg dm™ of CaCOs. (Relative atomic masses: Ca = 40, C =

12,0 = 16) (Marks 35)
Periodic Table
( | 2
| | H - He
3 )4 s [6 |72 ]8]9 10
2 | Li | Be B |C|N|O|F |Ne
1| 12| 13 (14 [15 |16 |17 | 18
3 | Na | Mg)| T Al |8i | P |§ [Cl|Ar |
1o 20 |21 [ 22 [23 [24 | 25 |26 |27 |28 [29 [ 30 [31 |32 |33 |34 |35 | 36
4 | K |Ca|Sc|Ti|V |Cr | Mn|Fe Co |Ni Cul!Zn |Ga|Ge | As |Se Br |Kr
(37 [ 38|39 |40 |41 |42 |43 [ a4 (a5 |46 (47 |48 [49 [50 [51 [52 |53 |54
5 Rb|Sr| Y |Zr|Nb Mo | Tc |Ru Rh|Pd Ag Cd|In Sn |Sb Te | I  Xe
55| 56 |La-| 72|73 | 74 |75 |76 |77 |78 |79 |80 | 81 |82 |83 |84 [85 |86
6 | Cs|Ba|Lu|Hf [ Ta W |Re Os|Ir | Pt Au|Hg| Tl Pb|[Bi Po At [Ra
87 | 88 | Ac-|104 105 [106]107 108|109 | 110 |11 [112 {113 114 | 115 [116 [117 [1I8
7 | Fr |Ra | Lr | Rf Db|sg | Bb |Hs [Me|Ds [Rg cn No| P M Ly |5 Og
57 |58 |59 | 60 |61 |62 |63 [64 |65 | 66 | 67 168 6 (70 |11
La | Ce | Pr Nd |Pm Sm Eu |Gd Th Dy He | Er |[Tm Yb Lu
89|90 |91 |92 [93 94 [95 [96 | 97 |98 |99 [100 101 (102 103
Ac|Th | Pa| U [Np Pu|Am|Cm|Bk |Cf Es Fm Md No |Lr |
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