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Tim, C}u& stion: paj.u:r consists of 4 0 (forty) MCQs

* Answer all 44 questions (48 x-’ns 168 marks)

Choose the most cotrect answer to cach of the questions and mark tIus answer with an

X% on the answer script.

*Use a PEN (not a PTJN( SH) avw"-ﬂng
* Any quostion with morc than one answer will not b&. couted
*Marks wilt be deduocted for incorrect answers (2.5/6 mark perircorrect answer).
*The usz of a nan—p*ogr ammable eloctronic caleulaior is permitied,
*Logarithm tablcs will be provided

Gas.constant (R} = 8314 JK 'mol™?
Avogadro constart (No) ' =6.023 % 107 mol™
Faraday constant (F) | = 96,500 C mol™
Planks copstant (b) =663 x 167 )s
Velocity of Tight (¢} =30 x10%ms™
Standard Atmospheric pressure (1) = 10" Pa {N;'m_z)
1‘06.,(}() = 2,303 logo (X)

1 Whesn an aluminium wire is m%rted into a solution of aluminiuni jons following

reactions may take place at the Ai(s}/ AP (agp) interface.

Alsy ——> AP (a4 3c W
AP (aq)+3e” — Als) (B)

(iy Aflersome tirne the rate of (A) will becorme equal to that of (8).

(i) Electrons involved in reaction (B) reside in the solution phase since
AP (aa) is in this phase.

(i} Electrous involved in reaction (A) reside on the aluminium wire.

The cotrect stalements, out of (7, (i) and (il above, are

(&) () and (i) only.. (b) () and () ordy. (e} (i) and (il onily.

{d}y AL G, (i) and GiE). {e) None ol the answers (@), (b}, (©) of {d), s Torrect




" The tonic conductor in a Galvanic celt

A Galvanic cell

€1y  may have only two interfaces.

(i1} hasat feast two electrodes.

({i}} may have a zero emf,

The corect stalements, out of (i), (i) and Gii) above, are

(@) Gavd @ondy. (b} and @ only. ()} (@) and (i only.

{d) ARL(B, (Dand (). (e) None of the answers (&), (b), (¢} or (d), s comect.

@) cammot'bo.asolid.
(i) may be amolten salt.
(i) may be a solution of an electrolyte.

The comect statements, out of (i), (i) and (i) above, are
(&) (i) and (i) only. (b) (i) end i} only: (c) (i) and (iil) only.
(ay Ay, 6i) anc‘i-.(iil)j (e} None of the answers (a), (b}, (¢} or (¢}, is correct.

A liguid junction potential may appear

(iy only at an interface of two immiseible lgoid phases.

(i} atan interface of two aqueous solutions.

(i) because ofthe difforence in vates of diffusion of difforent fons in
sohations. )

The comect statements, cut of (i, (i) and (i) above, are

(&) (f and (iiy only. “{by (i and (iil} only. {c} ity and (i) only.

(d) (), (iyand (). (e) None ofthie snswers (=), (b), (o) or (d), is correct

A cell is constructed by dipping a Tead wire in g lead nitrate solution, a silver wire

in & silver nitrate solution and bringing the solutions info contaet through & porous
wall. 'The electric potential of lead wire is x volts higher than that of the silver
nitrate solution. The potontial of the silver wire is y volts higher than that of lcad
nitrate solution. The potentiat of the silver nitrate solution is z volts higher than that
of the lead nitrate solution,

The emf (without considering the sign) of the cell, in volts, is

(a) lix,—'ky—«zl (b} t-x.»y—z]‘ {c) l:x—zy-i zt
@ [z+x-y| (€) Nora of the answers, (a), (b}, {c) or (d), & correct
In a celf diagram

()  asolid vertical linc represents a boundary between two miscible iquids.

i)  the boundary between two agueous solutions may be represented by a dashed
vertical line.

(i1} the chemical species in a single phase may be written in any order.

the correct statements, out of (), (il and (i) above, are

(2} () and (i} only. (b} Gyand (iiyonly. - (c) (i) and (yonly.
Ay Al (), (i) and (). (e) None of the answers (a), (b, (€ or (d}, is correct
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A cellis constiucted by dipping & magnesium wire in a magnosium chloride
solution, a copper wire in & copper sulphate solution and bringing the solutions into

contact through a porous wall. Possible cetl diagrams for this celt are .

@ Me()|{Mg® (1) Cn* (ag), 807 (ag)| Culs)

Mg (22),Cl (310" (ag)

@ Mg

(i) Mg (ag)| Me(9)] Cu(®)|Cu* (aq)
The correct statemants, out of @), (il} and (il above, are
(&) (iy and (ify only. (by (yand@ifyonly. () (ily and iy only.
(dy Al (3, iy andd Gii). (e} Noneof the snswers (8), (b}, (¢} or (d), is correct.

- Cu(s)

When writing down a cclf diagram

Dy always one has to find ovt the (H)ve and (~)ve termrinals first

(1) one has to make sure that the spontaneous cathode appears at the right hand
side. ) o

Gity i general, one docs not need information abont the spontancity of the
chemical reactions involved.

The correct statements, out of (i), () and (i) shove, are ’

(2) (}and ) only. (B) (i and (i) only. {&} (i) and (i) anly. _

{c) &4, (i) and GH). (e) Wone of the answers (&), (), {0) of (&), is comrect.

According to TUPAC conventions, the cell reaction corresponding to a celt diagram

{1y  azblwayshas oxidation taking place at the electrode on the right hand side,

ST ahwavs hasthe cathodic halfreaction taking place at the Q}A-ﬁ, A the Ik

i} SIWEYS 148 uiC CawmoalC fal Feaclion waxiig piact ar tho.CICCIrool 06 Uit IC
hand side.

{(ifi} doecs pot have o be spontancous.

The correct statements, out of (i), (i and (i) ahove, ate

(@) (0 and (i) only. (D) Gy and (i only. (¢} (i} and (i) only.
(d)} Al ), (i) and (i) (e} None of the answers (a), (b}, (c) or (4}, is comect.

When a Galvasic cell is connected to a load

(iy oxidation takes place at the (+H)ve erminal,

(i) clectrons in the external cireuit flows from the spontaneous anode to
spontancous cathode. A

(iify spontancous cathode is at a higher electric potential than the spontanecas
anode.

The correst statemants, out of (i), (1) and (i) above, ax
(&} (B and (D onky. (B} (I} and (iif} only. (¢} (i) and (ili} anly.

{d} AJQ, () ang (). (e} None ofthe enswers (a), {b), €} or {d), is comect.
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Anbde, cathode and cell reactions corresponding to the cell diagram
Fe(s)! Fe**(aq):Ag* I Ag(s) ,
respectively, are :

) Fe(s) —— Fe’*(aq)+2 e

@) Ags) — Agta)+e

(iii) Fe(s)+2Ag*(aq) —— Fe’ (aq)+2Ag(s)
The correct statements, out of.(i), (i) and (jii) above, are

(a) (i) and (ii) only. (b) (i) and (iii) only. (c) (i} and (iii) only.
(d) All (i), (i) and (iii). (e) None of the answers (a), (b), (c) or (d), is correct.

The charge numbers of the cell reactions
() 2Al(s)+3Cu’"(aq) —— 2Al**(aq)+3Cu(s)
(i) . Al(s)+3 Cu’*(aq) —— Al**(aq)+% Cu(s)
(i) 7Mg(s)+Ag (aq) —— Mg (aq)+Ag(s)
respectively, are

(@) 6,6,2. (0 3,3,2.  (c) 63,2
(d) §,3,1.° (e) None of the answers (a), (b), (c) or (d), is correct. .

The charge number of the cell reaction A +B — C+D is 6. If the relative

molecular mass of the product C is 120, the mass of C produced during the passage
of 1 faraday of electrons is

(a) 120 g. “(b) 40 g. {c) 36g
(d) 20g . (e) 60 g.

At 298 K and 1 bar, the electric potenﬁal (relative to some standard level) of copper
and zinc electrodes of a Daniell cell are 0.340V and —0.763 V, respectively, when

the copper and zinc ion concentrations are equal to 1.0mol dm™*. The emfs assigned
to the cell diagrams,
Cu(s)l Cu®* (aq)( 1.0 mol dm'3) :Zn’? (aq)(l.O mol dm'3) l Zn(s) and

zn(s)[ Zn’* (aq)(1.0 tnol dm~*): Cu** (aq)(1.0 mol dm™*)| Cu(s),
at 298 K and 1 bar, respectively, are
(a) —-1.103V,1.103V. (b) 1103V,-1103V.

(c) —0.423V, 0.423V (d) 0423V,-0423V.
(e) 0.340V,-0.763 V.

G e e




15.

16.

17.

18.

A potentiometer was used to determine the emf of a cell. The lengths of the
resistances at equilibrium were found to be 25.0 cm and 30.0 cm with the cell and a
standard cell of emf 1.2 V, respectively. The emf of the test cell was

(@) 1.2V. (b) 1.5V. (c) 0.8V.
(d) 1.0V. (e) 0.7 V. ,

The spontaneous cell reaction in a Daniell cell of emf 1.1 V (at 298 K and 1 bar) is

Zn(s) + Cu®* (aq) = Zn** (aq) + Cu(s). When it is connected to a battery, with a

voltage greater than 1.1 V, such that the positive terminal of the battery is

connected to the copper electrode and the negative terminal to the zinc electrode

(i)  noreaction will take place within the Daniell cell since the voltage of the
battery opposes its emf. '

(i) the reaction Cu(s)+Zn**(aq) — Cu**(aq) + Zn(s) may take place within
the Daniell cell.

(iii) electrons may flow from the battery into the zinc electrode.

The correct statements, out of (i), (i) and (iii) above, are

() (i) and (ii) only. (v (i) and (iii) only. (c) (ii) and (iii) only.

(d) Al (i), (i) and (iii). (e) None of the answers (a), (b), (c) or (d), is correct.
Consider the following electrodes.

@  Mn(s)| Mn**(aq)

(i) Pb(s)| PbSO, (5)| SO (aq)

(iii) Zn(s)i H*(aq),Zn’"(ag) |

Definitely the chemically reversible electrodes, out of (i), (ii) and (iii), are

(a) (i) and (ii} only. (b) (i) and (iii) only. (c) (i) and (jii) only.
(d) Al (i), (i) and (iii). {e) None of the answers (a), (b), {c) or {d), is correct.

Half reactions of the redox electrodes, Pt(s)‘ MnOj (aq),Mn** (aq) ,H" (aq),
Pt(s)l Cr,037 (aq), Cr‘“f (aq),H" (aq) and Pt(s)l ClO; (aq), ClO; (aq) ,H" (aq),
respectively, are

() MnO;(aq)+8H'(aq)+5¢" —— Mn’*(aq)+4H,0

(i) Cr,0: (aq)+14H"(aq)+6e” —— 2 Cr’* (aq) + 7-H20

(i) ClO;(aq)+2H"(aq)+2¢” —— ClO;(aq)+H,0

The correct statements, out of (i), (i) and (iii) above, are

(a) (i) and (i) only. (b) (i) and (jii) only. (c) (ii) and (iii) only.
(d) Al (i), (i) and (iii). (e) None of the answers (a), (b), (c) or (d), is correct.
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Under a ccrtain sct of conditions a Galvanic cell was found to have & zero cmf. We
can say that ‘ S

D) the cell reaction is at equilibrium under these conditions.

(it} thore will be no cureent in a load when it is.connccicd to this cell.
(i) both electrodes are at the samé clectric potential,
The correct statements, out of (), (i) and (jijy above, afe

(&) () and @) only. (B) Gyand (ifyonly.  (c} (i) and (i) only.

(g} Alt@), (iyand (8. () None of the answers (a}, (b), (e} or {d), is comrect

The agucous phase.in a Icad-lead sulphatc efectrode is saturated with
() lead sulphate,

{ii) . sulphate ions.
(i) lead chloric_le.‘

The comrect statements, out of {1}, (i} and (iii}.above, gre

{2} ()-and (i) only. (b} (Dand (i) only. (o) (i)-and. (i) only.
(d) All(), (i) and (). (e) Mone of the answers (a), {b), (c) or (d), is correct.
A glass eloctrode ‘

) is ot & chemically reversible electrode.

(i) may be made to be sensitive (o fons other than H’ (2q).
(i) uwsually has a buffer solution in comtact with the inmer surface of the glass
membrane,

The correct statements, outof (), (i) and (i) sbove, are
(@) () and (i) only. by Dand(ijonly. (¢} (i) and (i) orily.

(g} Al i), (il) and i), (e} None of the answers (a), D). (c) or (&), Is correct.

A salt bridge Is customarily used to bring electrical contact between the electrolytic

phases of two eledirodes in constructing a galvanic cell.

(I} Inasalt bridge we use KCl since K* (ag) and CI” (ag)} have nearly equal
ionic mobilities.

(i) In a salt bridge we use agar to minimise the mixing of the electrolyte in

electrode and KCl solution in salt beidge due to convection.
(i) The potential differences created at the two salt-bridge/half-cefl-
electrolyte liquid junctions are nearly equal and opposite.

The corect statements, out of (3, (%) and (i) 2bove, are
() () and (i) only. (b) Deand (i) only.  (C) (i)} and (il oniy.

{d) AL, (D and ().  (e) None of the answors {a), (), {c) or (d), is correct.
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23. (i) The total liquid junction potential in a cell with a salt bridge is nearly zero.
(i)  Strictly speaking, a salt bridge makes a cell chemically irreversible.
(iii) A chemically reversible electrode may be used with a salt bridge to construct
a chemically reversible cell.

The correct statements, out of (i), (ii) and (iii) above, are
(a) (i) and (ii) only.  (b) (i) and (iii) only. (c) (ii) and (iii) only.
(d) All (i), (ii) and (iii).(e) None of the answers (a), (b), (c) or (d), is correct.

24. AG=-nFE , where E is the emf of assigned to a cell diagram and AG is the Gibbs
free energy of the corresponding cell reaction, may be
(i)  derived using a thermodynamically reversible discharge process of a cell.
(ii) applied to a cell with a non-zero liquid junction potential.
(iii) applied to a cell with a salt bridge.
The correct statements, out of (i), (i) and (iii) above, are :

(a) (i) and (ii) only. (b) (i) and (iii) only. (c) (it} and (iii) only.
(d) All (i), (iiy and (iii). (e) None of the answers (), (b}, (¢) or (d), is correct.

25. Under standard conditions and at 298 X, the emfs assigned to the cell diagram

Zn(s)| Zn** (aq)| Cu®* (aq)| Cu(s) is 1103 V. What is the standard Gibbs free
energy of Cu(s) + Zn*'(aq) — Cu’*(aq) + Zn(s) at 298 K?

(8) 112.9 kJ. (b) —112.9kJ. (c) 212.9kJ.

(@ —2129kI.  (e) 122.9KkJ

A particular cell reaction, at 300 K and 2 bar, has a Gibbs free energy change of
447.3 kJ. Under the same conditions, the emf assigned to the corresponding cell
diagram is —~1.545 V. If ¥ =96,500 Cmol™! charge number of the cell reaction is

[\
S

(a) 1 (b) 2 (c) 3
(d) 4 (&) None of the answers (a), (b), (c) or (d), is correct.
Cy )
27. Inay, =74 (——’é—} which gives the activity a, of an ionic species X,
c

(1) . cy is the molar concentration of the species X.

(i) in general, the value of vy, depends on the particular ionic species.
(iii) ¢ is always unity irrespective of the units.

The correct statements, out of (i), (ii) and (iiiy above, are

(a) (i) and (ii) only. . (b) (i) and (iii) only. (c) (i) and (iif) only.
(d) All (i), (i) and (iii). (&) None of the answers (a), (b), (¢) or (d), is correct.
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Anelectrolyte M X, dissociates fully, in a solution as

M X, - cM* (aq) + [Ma, QXb}.Z- (aq). The activity coefficients of the
cationic and anionic species produced are t, and y_, respectively. The mean
activity coefficient of the electrolyte in this solution is

@ =yl
® =l
€y ya=yiv

[ yj,';[yi Y*]f%ﬁ

}}/z;b '

© 1 =[1i 7" ]%m

The activity coeflicients of aluminium and chloride jons, in a solution, are 0.75 and
.99 respectively. The mean activity coefficient of AICH , inthis sohution is nearty
equal to

(=} D.880 (b} §.547 {c} 0.380
’ {d} 0.785 {e) 880 .
The standard state of

()} asubstance is independent of temperature.

(i)  an ideal gas is veached when the pressure ofit is equal to 1 bar.
(i} anionic species carmot be prepared expetimentally.

The comect statements, out of (), (i) 2nd (i) aﬁbu\za-:; are
(&) (h and (i) only. {h) () and () anby. (¢} () and (i) onby.
{d)y ARG, () end Gin). (e) Bone of the answers (), (b), () or {d), is correct.

In general, B" in Nernst equation
() is independent of temperature.

(1) is thc cm¥assigned to a cell reaction when the reactants arc. in their

standard states jrrespective of the state of the produets.
(iii} depends on the celf reaction under consideration.

The correct stetements, out of (i}, (i) and (ifi) shove, are

{a) (1) and (i) only. b} (i) and (i) only. (€} (i} and (i) only.
(d) A, () and (). (e} None of the answers (a), (b}, (c) or (e}, is correct.

The emf assigned to the cell diagram :
Mig(s)| Mg™ (aq)(a = 05 | Mg™ (aq)fa = 15)|Mgg(s) , 24 300 K and 1 bar is;

(&) 004V (b) — 0014 V (c) 0.000V
() ~0.028V (e) 0028V
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At 300 K and 2 ba, the cmf assigned to the ccll diagram
Me()Me™ aa)fe,,... = x| I Gaafa,, = b} Aecis) [Ag(s)

is 2.6050 V when x = 0.5 and 2.5960 V when x = 1.0. (The standard emf for thzs
celt dtagram is L") qug only this data one

..(b) __ca_g évaluate b but cannot evatuats F°,

(¢} can evalusie both E® and b.

(@) cannot evaluate either E° orb.

(e} cannot evaluate-any quaniity involving both E® and b.

The emf assigned to the reaction

- Pbl, () + Zn(s) — Pb{s) + Zn*"(ag) + 21" (aq) , at 298 K and 1 bar, is cqual to

0497 V, when the activifies of zinc and iodide ions are 0,75 and 0.80 respectively.,
The thexmodynamic equilibrium constant of the above reaction at 298 K and 1 bar
is -

(a) 28x10% (b) 54x10° {c) 85x10%

(@) 5.0x102 (€) 6.4x10¢

The thermodynamic equilibrinnm constant of the reaction

2Ag(s) + 2Br” (ag) + PbSO, (s) —> 2 AgBr(s) +'SO§" (ag) + Pb{s)

at 298 K and 1 bar, is 5.329 x 16, At298 K and 1 bar, what is the emf assigned to
the cell diagram Ph(s){ PbSO, () [SO7 (aq)| Be ™ (aq)| Aghir () Ag(s) when the
sctivities of sulphate and bromide ions are unity?

() — 04219V (b) 02116V (¢} 04219V

C{dy - 02116V (e} 031160V,

Activity coefficient, y,, of an ionic species, of charge number Z, in aqueous
solution, may be estimated using

Iy iog(ré) =—AZAfl ‘

G sz_

(m) In(yz,) =—CZ2 I
where A, a, B & C are constants and 1 is the jonic stren gth of solution,
The correct statemants, out of (i), (i) and (iii) above, are

(a) (i) and (i) only ) (i) end (i) only. () (i) and (i) only.
(6) Al @), (i} and ). {e} None of the answers (a), (b), (¢} or (d), is comect
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(i) Debyc-luckel limiting law (for activity cocfficient of an ionic specics)is
applicable over & wider range of ionic strengths than the Debye-Huckel
extended law. ' ‘ .

(i) The constant A in Debye-Huekel laws for activity coefficient depends on
temperature of the solution and the diclectric constant of the solvent.

(i) The constant B in Pebye-Huckel extended faw for activity coefficient
depends ontemporature of the solution and the-dicleetric constant of the

| solvent, ' _
The comect statements, out of (i}, (i) and (i) above, are .
(@) (hand (only. (b} (i) and G only. (e} (i} and (i) only.

(dy Ak (i), (i) and (). (e} Noneof the answers (a), (b), {cy or (d), is correct

- The ionic strongth, 1, of a solution of clectrolytes is defined by

I=2 2.8 Z>. Here

n

() it is sufficient to perform the summation only over the cationic species in the
solution since the charge duc to cations and anions has to be equal in a neutral
solution,

(i} ¢, is the molar concentration of ianic species n.

(i} 2, is the charge number of ionic species n.

The comect statements, oot of (i, (i} and (i)} sbove, are

(&) {0y and iy only. (bY€) and (i) only. {e) (i and (i) onfy. N
(dy AR (i}, (iiy and (iii). (e} None of the answers (a}, (b), (c) or (d), is correct

ey £ 4 2. 23 g N b - .- I . ~ - ) - * '!\ ‘
The iowic strength of an aqueous solution which is 05 mol dm™ * in AJ(NO,)S and
0.75 woldm™ in MgClL, is ‘ ‘

(@) 165 motdm™ (b} 10.5% 16" mol m™>
{c} 525 10% mol s> {6} 525x107% molm™
(e} 155moldm 2. '

The jonic strength of an aqueous solution of Ba(NOS_)Z and NaCl is 2.75 mol dm™>.
}f the concentration of Ba{NO, ) is 0.75 mokdim™* what is that of NaCl?

() 1.63moldm™> (b) 325moldm™*

(¢} 05 moltdm™ (@) 1.0 moldm™>

{e) 2.70 moldm >,
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