Chapter 3

Electrochemistry

Solutions

SECTION - A

Objective Type

1. Hy(1atm)|2.26 M HCOOH || 0.222 M
K,(HCOOH) = 1.77 x 1074,
K,(CH,COOH) = 1.8 x 10-°

Emf of the cell is (Neglec

(1) 0.0591V
Sol. Answer (2)

HCOOH
C,(1-0)

[H*), = C,a =
CH, COOH == CH,C

c,(1—a) C,0
[H]z = J(Ka), xC,

0.0591 H']
1 %9 Hk

0.0591 VK1 xCy

1 %9k, xc,

E=E°

E=0

0.0591I 1.77x107* x2.26
2 99 18x10°x0.222

o E=-

0.0591

E-= log 100 = — 0.0591
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108 Electrochemistry Solutions of Assignment (Level-Il)

2.

Sol.

Sol.

Sol.

Given that

NiO, + 4H* + 2e~ — Ni?* + 2H,0, E° = 1.678 V

NiO, + 2H,0 + 26" — Ni(OH), + 20H~, E°=-0.49 V

For the following reaction

Ni(OH), + 2H* = Ni?* + 2H,0

Gibb’s free energy change (in kJ mol-) is

(1) 418.424 (2) —229.284 (38) —418.424 (4) 229.284
Answer (3)

NiO, +4H" +2¢~ —— Ni¥ +2H,0 , B9 =1
Ni(OH), + 20H"+2e~ —— NiO, +2H,0+2e", E3
Ni(OH), +2H* —— Ni?* +2H,0

AG® = AG] + AG; =—nF(EJ +E3)

= -2 x 96500 x (1.678 + 0.49)

= —418.424 kJ mol™"
Emf of cell given, Ag(s), AgC efficient of the
cell is 3.34 x 1074 VK.
(1) 965
Answer (2)
2Ag — 2Ag*
Hg,?" + 2

n=2

AH = —NFE, +n

=2 x 96500(300 x 3.
= 9650 J mol~’
Given : Ag" + e~ - Ag; E° , = 0.
Dissociation constant for [Ag(NH,),]" in
[Ag(NH,),]" + e~ — Ag + 2NH,, calculate E° at 298 K.

and NH, is 6 x 104, Then for the following half-cell reaction:

(1) 6.019V (2) 0.03V (3) 0.014V 4) 019V
Answer (1)
Ag —— Ag'+e ; E=-0.799V
Ag(NH,); +e- —— Ag+NH;; ER.=?
Ag(NH; ); = Ag'+2NH,
N
Ecot =Efen + 0.0591 lo [Ag(NH, )] _ 0 at equilibrium

1 " [Ag*1[NH, ]2
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= EZ, =0.0591xl0g, K =0.0591xlog,, (6x107'%)
= -0.780 V
= Eomanat) * Ereiaatnes 3100)

= E° =-0.780+0.799

Ag(NH3)3/Ag

=+0.019 V

5. 25 mL of HCI solution is titrated with 0.10 mole.L~" NaOH solution in a conductivity cell. The data obtained were
plotted to give the graph shown below.

>
»

l Conductance

The concentration of HCI solution is

(1) 0.040 M .01 M
Sol. Answer (3)

(HCI) = (NaOH)

moles moles

25

——xM
1000

= 0.10

6. The graph tha n the pH for the reaction at constant

(Assume [Au*] = 1.0 M, it r nt H, gas pressure is maintained)
1 ) ©) 4)
Eoe” / Eoe“ -/ Ecell K
pH—> pH—> pH—
Sol. Answer (1)
- 0.0591
EceII = Ecell_ 6 I0910[H+]6
. 0.0591
= EceII XGX(_IOQ1O(H+))
Egen = Egen +0.0591pH
y = ¢+ mx
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7.

Sol.

Sol.

Sol.

10.

Sol.

1.

Sol.

Electrolytes having same value of constant A in Debye-Huckel-Onsager equation is/are
A =22 —Ac

MgCl, CaCl, MgSO, NaCl

() (n (I (V)
(1) (1), (1) & (1) ) (I, () & (1v) 3) ()& (m (4) (1) &)
Answer (4)
Correct statements from the below is/are
() Cell potential of Ni-Cd cell remains constant during its lifetime.
(I The output of fuel cell is lower than the theoretically expected.

(Il Concentration of H,SO,, in Pb-storage battery decrea ing charging of the battery.

jon does not involve ions concentration.
4) ()& (V)

(IV) The cell potential remains constant in Hg-cell as t
(1) 1), (1) & (nr) @ (), () & (V)
Answer (2)

Facts

Methods effective in preventing corrosi
(1) Surface treatment (coating)
(3) Galvanisation
Answer (4)

Fact

What happens to
using inert elec

nal source of electricity

Answer (1)

OH- ion concentration de
pH will decrease.

If A%, B2* and C* reduce at cat
to mass ratio of each ion is same,

. Hence H* concentration relatively increases and

riments. If equal charge is given to each ion and charge
ect statement.

[Efficiency is 100% in each experimen *, B2* and C* reduce to A, B and C respectively]
(1) Mass deposit of A is maximum among all three ions

(2) Mass deposit of B is maximum among all three ions

(3) Mass deposit of C is maximum among all three ions

(4) Same mass of A, B and C deposit

Answer (4)

If equal charge is given then equal number of equivalent deposit

[eq. of A = eq. of B = eq. of C]

Mass of A deposit x 3 Mass of B depositx2  Mass of C deposit x 1
= Molar mass of A ~  Molar mass of B ~  Molar mass of C
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12. The value of AGy at 298 K for M(s)/ M™ || A* / A(s) is

o o

By =X Epra =Y
(1) =3F (x +y) (2) 3F(x-y) (3) 3F (x—3y) @) 3F (x +y)
Sol. Answer (2)
AG, =-nF EZ,
n=3
Etel =Y —X
AG,, =—3F (y—x) = 3F(x —y)

13. 965 A current is passed for 5 minute in molten soluti
molten solution is [Assume electrode are inert and

(1) NaCl (2) MgCl,
Sol. Answer (3)

tal is deposit at cathode. The possible
urrent efficiency of process is 100%]

(4) All of these

Number of faraday given = 965 x 5 x
So number of equivalent of metal

14. 0.1 M aqueous solution of
1000 ohm, then value of ¢

(1) 102x cm™
Sol. Answer (2)

by solution is

102 cm™!

4

cell constant (K)

_ x(0.1)

%1000 =0.1x cm™’

1000
15.  Which of the following is correct reaction for anode in fuel cell?
(1) O, (g) + 2H,0(I) + 4e- — 40H(aq) (2) H, + 20H" — 2H,0 + 2e~
(3) H,0 — H* + OH" (4) 20 > O, + 4e
Sol. Answer (2)
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16.  A,,AlCl, (in S cm?mol-") is equal to
[Given,

A:n(AI(OH)3) =x Scm? mol™
A:n(HC') = y Scm2 m0|_1
Amiy0) = Z Scm?mol™!

Here A;n — limiting molar conductivity]

(1) x+3y-2z 2 x+3y-3z
Sol. Answer (2)

(4) x -3y + 3z

A (AICLy) = AL AR +3A,CI”

A (AICLy) = Ar AR +3AOH +3A,
=x+3y-3z
17. If equal charge is given in bo me as of mass

of metal B deposit. If of B and A). Then

Container II\

y Molten BCI,

(1) 2 @ ® @ 3

Sol. Answer (2)
Equal charge given so
No. of equivalent of A deposit = No. of equivalent of B deposit

= (moles x n-factor), = (moles x n-factor)g

Mass of A deposited _ Mass of B deposited X M, (2)
XX = X y = —=—=

MA MB y MB g
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18. 2Zn(s)|ZnSO, ||CuSO, | Cu(s) Cell-l
(0.1M) (0.1M)

Zn(s)| ZnSO, || Ag,SO, | Ag(s)  Cell-Il
(0.1M)  (0.05M)

Cu(s)| CuSO, || Ag,SO, | Ag(s)  CelHlI
0.1M (0.05 M)

-xV E° zV

Ec)Zn4’2/Zn = cu*?icu yv EDAgJ’/Ag =
If x, y and z all have positive values and z > x >y then which cell have highest E°_, at 298 K?

(1) Cell

(3) Cell-
Sol. Answer (2)

E°, forCel-l = y+x
E° for Cel-ll = z +x
B for Cel-lll = z -y

19.  Which of the following cell

(1) Cu(s)|CuSO, |
0.1M

@) Cu(s)|C

() Cu(s)|CuSO, |
1™

Sol. Answer (2)

solution of CH,COOH that have pH = 3 is (Given limiting
Scm?mol~" and dissociation constant of CH,COOH is 107).

3) 39 x 10 (4) 39 x 10

20. The molar conductivity (in S cm?
molar conductivity of CH,COOH solu

(1) 39 (2) 39 x 104
Sol. Answer (1)

pH=3,[H1=10"° = J1p5«xC

c=10"
Co=1073
o =102

A ° _
=" = A = oA, =39 Sem?mol™

m
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21.

Sol.

22.

Sol.

23.

Sol.

24.
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Solutions of Assignment (Level-II)

The E°(in V) at 298 K of the given cell is

A, | A% ||B?|B
o 1) I8 1B

Given
2A(s) — 2A% +6e- E° =2xV
3B2*+6e~ —— 3B(s) E° =3y V

(1) y-x 2) y+x (3) 3y + 2x 4) 3y —2x

Answer (3)

E° (A%*/A) = —2x
E° (B%*/B) = 3y
So E°,, = 3y — (-2x) = 3y + 2x

Equilibrium constant for the given cell at 25°CA(s

(Given that E,, =0.04 V and @ _

(1) 102 @) 10

Answer (2)

2A +3B? — 5 2A*™ &+

£ 0.06

cell =

log K, =

K, =10*

Which of the followin attery when battery is in use?

(1) PbSO,, + 26~ — Pb,

4(s)

(2) PbSO,, +2H,0, — PbO,,

(3) Pbyy + SO 1> PbSO,, + 2¢°

4(s)
(4) PbO, + SO;% + 4H" + 2e — PbSO, + 2H,0
Answer (3)

Fact

For which of the following cell, E_, =E,,, at 298 K?

(1 Zn ZnSO4‘CuSO4‘Cu(s) ) Zn Znso, AgNO3‘Ag(s)
)| 04Mm 0.1M ()| 0.1Mm 0.1M
(3) CulCuso, AgNO3‘Ag(s) @ AlAIT Cu’r2 Cu(s)
0.1M 0.1M (s)[0.1M
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Sol.

25.

Sol.

Sol.

Sol.

Answer (1)
Zn + Cu*2 — Cu(s) + Zn*?

Q=1

E E

o
cell = Ecell

A graph is given between molar conductivity and /C (C—concentration) for a strong electrolytic solution. The
conductivity (k) of the solution is

(1) 8 x 10 S cm! 2) 8x10°5 4) 8 x 106 S cm!

Answer (2)
When +/C is 0.1, A, = 8

_ kx1000

A
M M

M = 1072

SECTION - B

Which of followi
(1) The metallic co in the metal
(2) The electrolytic con

(3) The metallic conduction
with increase in temperatu

(4) None of these
Answer (1, 2)

The metallic conduction is due to the presence of electrons in the metal and electrolytic conduction is due
to the movement of ions in the solution.

perature whereas electrolytic conduction decreases

Molar conductance of 2 M H,A acid is 10 S cm? mol~'. Molar conductance of H,A at infinite dilution is
400 S cm? mol~'. Which statement is/are correct?

(1) Degree of dissociation is 2.5% and pH of solution is 1.0
(2) Degree of dissociation is 4 and pH of solution is 1.4

(3) Dissociation constant of H,A is 6.24 x 10-°
(4) Dissociation constant of H,A as per H,A = 2H" + A% is 2.56 x 10~

Answer (1, 4)
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Sol.

Sol.

Sol.

altp 101 gy
A% 400 40

At equation, H,A = 2H* + AZ
C1-a) 2Ca. Ca

_ (ZCoc)2 xCa

ed C(1-a)
Putting C =2 M, o = 0.025
Keq = 2.56 X 10
[H*]=2Ca = 0.1 =10
pH =—log 107" =1
Which compounds have maximum conductivity?
(1) 0.2 M [Cr(NH,),Cl,]
(3) 0.1 M [Cr(NH,)CIICL,
Answer (2, 3)
[Cr(NH,),CL,]Cl — [Cr(NH,),Cl,]**
= 0.15x%x2=0.30
and for
[Cr(NH,);CIICI, — [Cr(
= 0.1 x3=0.30

For electrolyte
(Aeg)

(1) Ay =
Answer (2, 3,
For the electroly

and equivalent conductivity

(4) YAy =X Ay

n-factor = xy

Ay = (xy)Aeq
Only 15t option is correct & ot

The cell constant of a conductivit
A = area, R = resistance, G = condu

as (o = cell constant, | = length between the electrode,
= conductivity, p = specific resistance)

/
(1) o=+ 2 o=

Answer (1, 3)

@) o= (o @ o=g

pelkel

N L
R—pK=>p RA
K—Cxl

- TTA

_RA __ 1T »
p= o G—A and ¢ =(Gp)
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6.  Which of following plots will not be obtained for a conductometric titration of HClI and NaOH?

o) o) © ©
[&] o (&) (&)
: : 5 5
IE IE E IE
(1 B 2 "B @ B @ "2

o H o s} o H

O ! O O s O !

\ol. of NaOH Vol. of NaOH \ol. of NaOH \ol. of NaOH
—_— — —_ —_

Sol. Answer (2, 3, 4)

In the conductometric titration of HCl and NaOH conductance first decreases, reaches a minimum value and
then increases.

7. 1.0 L of 0.1 M aqueous solution of KClI is electrolysed. A
for 10 hours. Which is/are correct? (Assume volume o

of 96.50 mA is passed through the solution
ins constant during electrolysis)

(1) After electrolysis molarity of K* is 0.064 and
(2) After electrolysis molarity of K* is 0.1 and
(3) At S.T.P. 202 ml of ClI, produced when
(4) At S.T.P. 606 ml of total gases pro
Sol. Answer (2, 3)
i=96.50A, t=10 x 60 x 60
Solution is 1.0 L and 0.1
Moles present =1 x 0
Reactions :
2H* + 2e

For CI- = 0.036;

0.018x22.4

Ch =T 5

K* will not discharge.

8. 1000 ml 2 M CuSQ, is electroly .65 amp for 2 hours. Which is/are correct?
Cu*?is 1.64 M using Cu electrode
of Cu*? is 1.64 M using Pt-electrode

(38) When remaining concentration of Cu*? is 1.822 then volume of solution is reduced by 10% using Pt-
electrode

(1) After electrolysis remaining conc

(2) After electrolysis remaining concentr:

(4) 17.15 g copper deposit when current efficiency is 75% using copper electrode
Sol. Answer (2, 3, 4)
No. of moles of CuSO,
= 1000 x 2 = 2000 millimoles = 2 moles
i=965A;t=2hrs=2x60x60s

E xit
F

Cu deposited is w =
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Sol.

10.

Sol.

1.

Sol.

_ 63.5 9.65x2x60x60

= W o = 96500 = 22.86
w
n=-y- 0.36

= 2-0.36=1.64
Hence, molarity = 1.64 M using Pt electrode

_ 635 75 (9.65)x2x60x60
T2 100 96500

w =1715¢g

Which statement is correct about electrolysis of CuSO,?

(1) At cathode Cu will deposit and at anode O, will be p sing Pt-electrode
(2) At cathode Cu will not deposit but Cu dissolve a
(3) At cathode Cu will deposit and at anode O,
(4) At cathode Cu will deposit and at anode
Answer (1, 4)

Using Pt electrodes
CuSO, — Cu* + SOZ"
H,0 — H* + HO-
At cathode : Cu?* +
Anode : 4HO~

Anode : Cu —
Cathode : Cu?* +
Aqueous solution of w
(1) NaCl

Answer (1, 2)

de, when electrolysed among inert electrodes?
CuCl, (4) AgCl

H* has lower discharge potential a
Hence, in case of NaCl and MgCl, rea 2H" + 26~ > H,,.
For the electrolysis of CuSO, solution which is/are correct?

(1) Cathode reaction : 2H* + 2e —— H, using Pt electrode

(2) Cathode reaction : Cu*2 + 26 —— Cu using Cu electrode
(3) Anode reaction : Cu—— Cu*? + 2e~ using Cu electrode

(4) Anode reaction : Cu—— Cu*2 + 2e~ using Pt electrode
Answer (2, 3)

CuSO,(aq) forms the ions

Cu?*, H*, HO™ and SO%"
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12.

Sol.

13.

Sol.

14.

Sol.

15.

Using Pt electrode

At cathode; Cu?* + 2e — Cu

Using Cu electrodes

At anode : Cu — Cu?* + 2e-

Which solution(s) become(s) more acidic after the electrolysis using inert electrodes?

(1) NaCl solution (2) CuSO, solution (3) AgNO; solution (4) Na,SO, solution
Answer (2, 3)

In the electrolysis of CuSO, solution and AgNO, solution, H,SO, and HNO, are formed respectively.

Zn | Zn*?(1M) || Ni*2(1 M) | Ni,  Antilog (0.7411) = 5.5

E° =-0.75V, E° -0.24V

Zn*2izn YN T
Which statement is/are correct for above cell?
(1) Emf of cell is 0.51 V and cell reaction is sp
(2) Emf of cell is —0.51 V and cell reaction i
(3) Emf of cell is zero when concentrati
(4) Cell reaction is non-spontaneou
Answer (1, 3, 4)

The given cell is
Zn|Zn?*(1M)[|Ni2*(1M)|Ni
E° = (0.75) + (-0.24

and cell reactio

= E =0; [Ni?
The cell reaction is
Non-spontaneous when x 10718 M.
Which is/are correct statem
(1) Velocity of ions of salt bridg
(2) Salt bridge completes the elect
(3) lons of salt bridge discharge at elec
(4) lons of salt bridge do not discharge at electrode
Answer (1, 2, 4)

Salt Bridge contains electrolyte which do not participate in the electrochemical change, completes the cell
circuit and it is also necessary that velocity of ions of salt bridge are almost equal.

Ko for AgBr = 8 x 10713

Ag, AgNO, (1.0 M) || KBr (1.0 M), AgBr, Ag

For above cell which is/are correct?

(1) E_,=0.715V (2) E, =-0.715V

(3) AG = —1 x 96500 x 0.715 (4) AG = 1 x 96500 x 0.715

cell

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005 Ph.011-47623456



120 Electrochemistry Solutions of Assignment (Level-Il)

Sol. Answer (2, 4)
For the 18t Half cell
Anode : Ag —» Ag* + e~
Cathode : Ag™ + e~ — Ag

£ 00591 [AG')
1 9 IAgk

1

E = -0.0591 log [Ag']

Kqp (AgBr) = [Ag’] [Br]

-13
[Ag'], = —8X110 =8 x 1013 M

1
E = -0.0591 log W =-0.0591 |

= 0.0591 log 8 x 1073,
0.0591 (0.6 — 13) =-0.715
and A G = —nFE = +1 x 965
16. Which statement is/are ¢
(1) In voltaic cell elec
(2) In voltaic cell,
(3) Oxidation
4) Inele
Sol. Answer (1,
At cathode al ion takes place.
Hence (4) will not

17. E°, ., =-076V, E°

Zn*?/zn

E° =-0.04V, F°

Fe*3/Fe cd*iicd
Which is/are correct statements?
(1) Zn*2 + Cd — Cd*2 + Zn, sponta
(3) Fe*® + Ni—— Ni*2 + Fe, spontaneou
Sol. Answer (2, 3, 4)
For (1)
Zn?* + Cd — Cd?* + Zn

(2) Ni*2 + Cd — Ni + Cd*?, spontaneous

(4) Cd*2 + Zn—— Zn*2 + Cd, spontaneous

_ o o _ -
E° = ECd/Cd2+ + E2n2+/Zn = (0.40) + (-0.76) = -0.36 < 0

Non-spontaneous
For Ni?* + Cd — Cd?* + Ni

E° = Bl e+ T Epeen = (0.40) + (= 0.24) > 0 is spontaneous
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18.

Sol.

19.

Sol.

20.

Sol.

21.

Sol.

for Fe®* + Ni — Ni?* + Fe

o]
Fe®* /Fe

E° = E}

iz E

= (0.24) + (-0.04) > 0 i.e. spontaneous

and for reaction
Cd?* + Zn — Zn?* + Cd

E° = E° +E

Zn/Zn2* 0.76) + (- 0.40) > O is spontaneous.

ctica =
In which of the following cells, reaction quotient is equal to one?
(1) Pb|PbC,0,, CaC,0,, CaCl,(0.1 M)||CuSO,(0.1 M) | Cu

(2) Zn[ZnSO4(0.1 M)||CuSO,(0.1 M)|Cu

(3) Zn|ZnSO,(0.1 M)||Hg,Cl,, KCI(0.1 M)|Hg, Pt

(4) Cu|CuSO,(0.1 M)||SnCl,(0.1 M)|SnCl,(0.1M), Pt
Answer (1, 2)

In (3), Q=10

In (4),Q=0.1

Which of the following cells give the ¢
(1) Zn|Zn?*(0.01 M)||H,0*(0.1 M)
(3) Cd|Cd?*(0.01 M)||pH = 1]
Answer (1, 2, 3)

Pt

For Ecell = Egeu!Kc =

Daniell cell : 0 min and a current of

0.965 A
(e, =

Cu*?/Cu
(1) After electroly ectrolysis Cu*2 concentration is 0.64 M
(3) After electrolysis er electrolysis Cu*? concentration is 1.18 M

Answer (1, 2)

) 31.75
W, (deposited) = o~

96500 ~ 09

Total weight of copper = 50 x 103 x
Left weight of copper = 3.175 - 1.143 =2.032 g

2.032 1000

I 2+ I = — —_— =
Molarity of Cu“* solution 635 X 50 0.64 M

Molarity of Zn?* solution =1 + 0.36 = 1.36 M

Saturated solution of KNO, is used to make ‘salt-bridge’. Then incorrect option(s) is/are

(1) Velocity of K* is zero (2) Velocity of NO,™ is zero

(3) Velocity of both K* and NO,~ are nearly the same (4) KNO, is highly soluble in water
Answer (1, 2)

Fact.
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22. Which of following statement(s) is/are correct?
(1) If temperature coefficient is greater than zero, cell reaction is endothermic
(2) If temperature coefficient is less than zero, cell reaction is endothermic
(3) If temperature coefficient is less than zero, cell reaction is exothermic
4) IfE,
Sol. Answer (1, 3)

It is known fact that AH and temperature coefficient are related as,

| is negative then AG is negative and cell reaction is spontaneous

AH > 0 f (a—Ej >0
or\oT

a_E
and AH < 0O for oT <0

23. The standard emf of the cell

Fe | Fe*?(aq) || Cd*?| Cd is 0.0372 V and
about the cell (at room temperature)?

(1) AG®° =7.18 kJ, AH° = -7196.43 6.43 kJ
(3) AG®° =-7.18 kd, AH® = -71
Sol. Answer (3, 4)

5 VK-1. Which is/are correct

is spontaneous

The emf of cell
Fe|Fe?*||Cd?*|Cd, ES

AG® =-n

AGP

(AS) = nF

(AS°) = 2 x F x

= —7180=—- pAHo +29

AHC =—7196.43 kJ

24. When a lead-storage battery is disch incorrect option(s) is/are

(1) H,SO, is consumed (2) Pb is formed

(3) SO, is evolved (4) PbSO, is consumed
Sol. Answer (2, 3, 4)

Pb is consumed and PbSO, is formed. SO, is not evolved.
25. Which is/are correct about corrosion?

(1) Due to corrosion FeO.xH,0 formed

(2) Due to corrosion Fe,0,.xH,0 formed

(3) Presence of air and moisture increases the rate of corrosion

(4) Magnesium is used as sacrificial anode
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Sol. Answer (2, 3, 4)
In corrosion

Fe — Fe?* + 2e is formed and the formation of oxide i.e., Fe,0,.xH,0 takes place and presence of air and
moisture is must.

Mg can be used as sacrificial anode.

SECTION - C
Linked Comprehension Type Questions
Comprehension-|

An electrochemical cell is constructed by immersing a piece of copper wire in 50 ml of 0.1 M CuSO, solution
and zinc strip in 50 ml of 0.1 M ZnSO,, solution

[E =034V, E2

OCu“/Cu
1.  The emf of cell is

(1) 1.07V 2 11V
Sol. Answer (2)

@) 113V

Egu2+/cu = 034 V and E;nz*IZn = -
0.0591
Ecey = E° - > log

[Zn?*] = [Cu?*] = 1M

added to
(1) & (2) (4) Can't say

2.  The emf of cell i
(1) ZnSO, solution
Sol. Answer (1)

When NH, is added to ZnS n?* in the following manner :

Zn2 + 4 NH, —— [Zn(NH,),J?*
i.e., [Zn?*] decreases.

In the equation

2+
E=-[o_ 0.0591 o [Zn2 ]
2 [Cu™]

[Zn*']

If [Zn?*] decreases then lo
[Zn=*] g [CuZ']

decreases hence, EMF of cell increases.

3. In a separate experiment, 50 ml of 1.5 M NH, is added to CuSO, solution. Emf of the cell is
[K; ([Cu(NH,),]*?) = 5.88 x 10"3]
(1) 0.933V 2 1327V (3) 1.467 V 4) 0.696 V
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Sol. Answer (4)
Due to the complex formation, [Cu?*] decreases & it can be calculated by the reaction,

Cu®" +4HN, —— 2+
5004 S0x1s [Cu(NH;),]

50 % 0.1
[Cu(NH;), " 100

INH,]* xk;  (0.55)* x5.88x 10"

0.0591 0.1
=11 - log —=| =0715V
9.3x10

Thus, the e.m.f. of cell decreases.

[Cu?'] = =93 x 1015 M

Comprehension-ll
Molar conductivity of ions are given as product of cha ir ionic mobilities and Faraday constant

7~An+ = nMAn+F (here w is the ionic mobility of A" By, molar conductivity is given by

Amn(ag,) = XN n FHYymA o F

ions ionic mobili
K* 7.616 %
Ca*
Br-
S0,2
1. The equivalent con
(1) 279
Sol. Answer (1)

4) 306

Equivalent *& SO7 .

Acaso, = ACa2+

A“’C°'62+ = (MCa2+) F

Moo = [isoq | F
Mog2r & Mgoz+ are ionic mobilities
Agaso, = F {12.33 + 16.58} x 1074

Agaso, = 96500 x 10 x 28.91 = 278.98 ~ 279

Equivalent conductance of CaSO, is 279.
2. If degree of dissociation of CaSO, solution is 10% then equivalent conductance of CaSQO, is
(1) 27.9 (2) 2.851 x 10* (3) 3.182 x 104 (4) 306
Sol. Answer (1)
We know that
A
o= —0
A
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AC
(279)

Ag =279 x (0.1) = 27.9

= (0.1) =

= Equivalent conductance = 27.9

Comprehension-lll

Sol.

Sol.

Sol.

Sol.

Given below are a set of half-cell reactions (in acidic medium) alongwith their E° (in volt) values.

l, +26”—— 2 E°=0.54
Cl, +2e”——2CI” E°=1.36
Mn* +e”——Mn*? E°=1.50
Fe®+e”——Fe? E°=0.77
0, +4H" +4e"——2H,0 E°=1.23

Among the following, identify the correct stat
(1) CI- is oxidised by O,

(3) I~ is oxidised by chlorine
Answer (3)

While Fe*3 is stable, Mn*3 is
(1) O, oxidises Mn*2 to
(3) Fe*3 oxidises H,O
Answer (4)

d Fe*2 to Fe*3

The strongest

Aa) r

Answer (1)

(4) Fe?

SECTION - D

Match the following.

Column-l Column-li

Complex (with coordination Maximum molar conductivity (S cm? mol-')

of Co®* as equal to six)

(A) CoCl,6NH, ®) 97
(B) CoCl,.5NH, @ o

(C) CoCl,4NH, ) 404
(D) CoCl,3NH, (s) 229

Answer A(r), B(s), C(p), D(q)

[Co(NH,)4] Cl; will give maximum number of ions(4) because of which conductivity is maximum
i.e. 404.

In [Co(NH,),Cl,] no ions are given.
Hence molar conductivity is zero.
[Co(NH,),CIICI, & [Co(NH,),Cl,] Cl forms 3 & 2 ions.
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2.

Sol.

Sol.

Solutions of Assignment (Level-Il)

Match the following.

Column-l

(A) 1 mol AI*3

(B) 2.3 gm of Na*

(C) 3.6 gm of Mg*2

(D) M.2LH,atS.TP.
Answer A(q), B(r), C(s), D(p)
(A) 1 mole APB*

wF F
it = 3(—] L

M E
(B) 2.3 g Na*
oW 23
it=f2 F= 53 F=01F

(C) 3.6 g of Mg?*

1
2X— =
5 F=F

Match the following.

Column-l

(A) x, specific conductance

(B) Am, molar conductance

(C) o, degree of dissociation
(D) Kohlrausch law

Answer A(r), B(s), C(p), D(q)

(A) Specific conductance decreases with dilution

(P)
@
)
(s)

Column-Ii

(Amount of charge used for diposition/liberation)
F

3F

0.1F

0.3F

Column-ll

>|>
ERIEE

A

38

Decreases with dilution

Decreases with increase in concentration of strong
electrolytes
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Sol. Answer A(q), B(r), C(s), D(p)
5.

Sol. Answer A(q),

Sol. Answer (1)

(B) Molar conductance decreases with increase in concentration of electrolyte

(C) o= i—'" and decreases with dilution

oo

(D) Resistance oc% and decreases with dilution

Match the following.

Column-I Column-Ii
(A) Calomel electrode (p) Electrolyte concentration cell
(B) Zn-Cd(C,) |CdCl,| Zn-Cd(C,) (@) Metal-insoluble anion half cell
(C) Quinhydrone electrode r de concentration cell

(D) PHH,(1 atm)|H*(C,)|[H*(C,)|H,(1 atm)|Pt

Match the following.
Column-I
(Electrolysis)
(A) Aqueous solution of NaCl using_i
electrodes
(B) Very dilute aqueous sol
using mercury catho
(C) CuSO, using co
(D) 50% H,SO, ond is formed

SECTION - E

STATEMENT-1 : Th
and
STATEMENT-2 : At high co

eases with increase in concentration.

Molar conductance is given by the

Kx1000

w=(KxVv)= ———
c

Here ‘c’ is the concentration

More is the concentration lesser is the molar conductance

Hence, both statements are correct and statement-2 is the correct explanation of statement-1.

STATEMENT-1 : Electrolysis of molten PbBr, using platinum electrodes produces Br, at anode.

and

STATEMENT-2 : Br, is obtained in gaseous state at room temperature.

Sol. Answer (3)

PbBr, — Pb2* + 2Br

127
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At cathode :
Pb%* + 2e~ — Pb
At anode :
2Br- — Br, + 2e~
Br, obtained in liquid state at room temperature.

Statement-1 is correct and statement-2 is false.

3. STATEMENT-1 : For the concentration cell, Zn(s)|Zn+2 (aq)
C

1

Zn*2 (aq)| Zn for spontaneous cell reaction C, < C,.
C,

and

RT

STATEMENT-2 : For concentration cell, E.o = —Flo neous reaction E_ = +ve = C, > C,.
n

cell

Sol. Answer (1)
The given cell is
Zn|Zn?*(C,) lIZn?* (C,)|IZn

Zn(s) = Zn%* + 2e-

0.0591

o

E = _
Zn/Zn%* Znizn?

Ean"/Zn =

C
log (C_;J < 0 for spontaneity

Cy
log (C_zj <log 1
C,<C,
Statement-1 and statements-2 is correct and it is also the correct explanation.
4. STATEMENT-1 : A saturated solution of KCI is used to make salt bridge in concentration cells.
and
STATEMENT-2 : Mobility of K* and CI- are nearly same.
Sol. Answer (1)

Mobilities of ions involved in salt bridge is same which is used in concentration cells.
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5.

Sol.

Sol.

Sol.

Sol.

Sol.

STATEMENT-1 : The molar conductance of weak electrolyte at infinite dilution is equal to sum of molar
conductances of cations and anions.

and
STATEMENT-2 : Kohlrausch’s law is applicable for strong electrolytes.

Answer (2)
Wag = Mar Mg
Kohlraush law is applicable for weak electrolyte and not for strong electrolyte.

STATEMENT-1 : When a copper wire is placed in a solution of AGNO,, the solution acquires blue colour.

and

STATEMENT-2 : ERp of Cu*?/Cu is lesser than Ez

Answer (1)
Cu + AgNO, — Cu?" + Ag

E° for reaction is positive because E°

STATEMENT-1 : AG® = —nFE".
and

STATEMENT-2 : E° sho
Answer (2)

of substance.
and
STATEMENT-2 : One fara
Answer (3)

One faraday deposits one equivale

STATEMENT-1 : If an aqueous solution
and not Na.

I'is electrolysed, the product obtained at the cathode is H, gas

and
STATEMENT-2 : Gases are liberated faster than metals.

Answer (3)
NaCl —— Na* + CI-

H,0 == H* + OH-

Among cations, hydrogen has higher standard electrode potential and among anions chlorine has low standard
electrode potential. Thus, at cathode preferentially H, gas is evolved, and at anode Cl, gas is evolved.
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10.

Sol.

Sol.

Sol.

Sol.

STATEMENT-1 : H, + O, fuel cell gives a constant voltage throughout its life.
and

STATEMENT-2 : In this fuel cell, H, reacts with OH~ ions, yet the overall concentration of OH™ ions does not
change.

Answer (1)

In H, + O, fuel cell,

Anode : 2H,(g) + 40H"(aq) — 4H,0(/) + 4e~

Cathode : O,(g) + 2H,0(/) + 4e~ — 40H~(aq)

OH~ consumed is reformed, so [OH"] does not change.
Hence, fuel-cell gives constant voltage throughout its life.

A

SECTION - F

The half cell potentials of a half cell | A*™*,

% of reduced form 24.4
Half cell potential (V)

Determine the value of 'n'.
Answer (2)

A%V 4 nem — A

0.101=E2, + 292

0.115 =E3

The standard and 0.344 V respectively. A mixture of

salts of Bi and Cu a . At what value of —Iog[Cuz*] does Bismuth

starts to deposit durin
Answer (4)

The passage of current would E becomes 0.266 V because then only Bi®* will

Cu®*/Cu

be deposited.
o 0.059 n
Thus, E_. .., =E%. ., +Tlog[Cu2
0.266 = 0.344 + 2:0°9 log(Cu?**) = —loglCu®* ] =4

A cell is containing two H electrodes. The negative electrode is in contact with a solution of pH = 6. EMF of
the cell is 0.118 V at 25°C. Calculate pH at positive electrode.

Answer (4)

=0 059Iogw = 0.059 [pH anod H cathod
cell = Y- [ lanode [pH anode — pH cathode]
0.118 = 0.059 [6 — pH]

pH =4

E
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4.

Sol.

Sol.

Sol.

Sol.

How many faradays of electricity is required to deposit 2 mol copper from CuSO, solution?
Answer (4)

Equivalent weight of copper = 63.5/2

Hence, 2 mol require 4 F electricity.

A current of 3 ampere has to be passed through a solution of AgNO, solution to coat a metal surface of
80 cm? with 0.005 mm thick layer for a duration of approximately (y)® seconds. What is the value of y?

(Density of Ag is 10.5 g/cm3)

Answer (5)
Volume of surface = 80 x 0.0005

= 0.04 cm?
WAg =0.04 x 10.5 = 0.42 gram

_ Eit

96500
0.42=108>3xt 105005y
96500

= y=5

The cost at 5 paise per kWh of op
11y paise. Calculate y.

ampere at 110 V, is

Answer (6)
Total energy consumed f

Total cost = 5 x

The reduction potenti en value of [100x] is, where [ ] represents

greatest integer function . =10 at 298 K}

Answer (82)
1. H,0(l) == H"(aq) + OH~(aq), =-RT InK,,

2.H ' +e — %Hz(g), AG; =0

1
3. HZO(I) —_— E Hz(g) + OH_(aq), AG; = —nFEazo/H2
AG, = AG; + AG,

E,om, = @'09(1 07'*)=-0.826

- 100x = 82.6, [100x] =82
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Sol.
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Consider the following standard reduction potentials

Electrode Potential E°
(a) AgCl(s) + e ——>Ag + CI” 0.222V
(b) AgBr(s) + e ——Ag + Br- 0.03 V
(c) Agl(s) +e ——Ag + I” -0.15V
(d) Ag,S(s) + 26" ——2Ag + S*~ -0.69 V
(e) AgNOs(aq) + e ——Ag + NO3 +0.8 V

On the basis of this information, how many acids from the following can produce H,(g) on reaction with
Ag(s)?

HCI, HBr, HI, H,S, HNO,
[Assume H,S completely dissociates into 2H" ap
Answer (2)

If ES,, is positive then H, is produced.

Ag+H++I‘%AgI+%H2

Ag + H,S —— Ag,S + Hy(g

Consider the data and di

Solution

0f 0.1 Maq NaCl 13
Cell ll
ERzra =1V
E%2+/B = —093 V
1 F = 96500 C mol™ T =298 K

Molar conductivity of 0.1 M ag. NaCl solution is found 1 S cm? mol~' when measured in a conductivity cell that has
cell constant 0.1 cm~'. A constant current from cell | (electrochemical cell) flows to cell Il (electrolytic cell) for 10°
second. (Assume that potential of cell | is maintained constant during the operation).

If2the Enass of H, liberated at cathode in cell Il is a x 107 kg (scientific notation), then the value of
a“ +b“is
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Sol.

10.

Sol.

1.

Answer (40)
V = E.M.F of electrochemical cell
EMF=E°=193V

-2y

1=—10%°1XK, K=10*S cm™

R=—1 x0.1=1000 Q
10

._1.93
1000

_1.93x10°
1000

Q=ixt =193C

193
in Farad) = ——— =0.002
Qin )= 96500

Mol of H, = 0.001
Mass of H, = 0.002 g =

a=2,b=6=a%+

0.118 = 0.059IogE
X

Iog(yj=2 = E=1O2
X X

x =103
pH=3

How many statements are correct?
(i) At equilibrium, E

(if) Electrical conductance of metal depends on valence electrons per atom.

el = Z€r0 is always satisfied.
(ii) Electrical conductivity of graphite is more than diamond.
(iv) In conductivity cell, alternating current is used.

(v) Product of electrolysis is also dependant on the metal used as electrode.

(vi) As concentration increases, molar conductivity of weak electrolyte decreases more sharply than strong

electrolyte.
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Sol. Answer (6)

12.

Sol.

13.

Sol.

At equilibrium, E 0

cell ~

£o_ 0.059

log k

Experiment | : Molten solution of LiH is electrolysed by using inert electrode. If 1 F charge is given then x
and y g of metal or gas is deposited/liberated at respective electrode.

Experiment Il : Aqueous solution of NaNQO, is electrolysed by using inert electrodes. If 1 F charge is given
then p and z g of metal or gas is deposited/liberated at respective electrode. Find the value of x + y + p +
z if molar mass of Li, H,, O,, Na and N, are 7 g/mol, 2 g/mol, 32 g/mol, 23 g/mol and 28 g/mol respectively.

Answer (17)

- 1
For experiment | : Anode H ——>§H2 +1
Mass of H, = 1 g

Cathode Li" +1

Mass of Li =

For experiment Il :

A saturated
are 3 x 107'* a
x Scm? mol~! and

10 Sem. If Kgp of PQ(s) and PR(s)
ity of P*, Q~ and R~ are 50 Scm? mol',

Answer (60)
PQ(s)=—=P"(aq) +Q"(aq
S1+S2 S1
PR—=P"(aq) +R"(aq)
S1+So Sy
Si_3
Sy
S, = 3[S,]
14
S, =,/1° =5x108 M
4
S,=15x 108 M (S, +S,) =20x%108M

K= Zciki
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20><10_8><50+x><15><10_8 +200><5><1o—8
1000 1000 1000

290 = 100 + 1.5x + 100
90 = 1.5x

x =60 S cm? mol™!

10x10710 =

14. Consider the following cell
Ag(s) | AgCI(s) | KCI(1M) | H*(1M) | Hy(g) (1 atm) | Pt(s)
e.m.f of cell is decreased by how many of the factors given below?
(i) On increasing concentration of H* in cathodic compartment

(i) On decreasing concentration of H* in cathodic compa

(iii) On increasing concentration of CI~ in anodic comp

(iv) On decreasing concentration of (CI) in anodic

(v) On increasing Ag(s) in anodic compartme

(vi) On increasing pressure of H, in cathodi
Sol. Answer (3)

Factor (ii), (iv) and (vi)

E.. =E° +0.0591o0
cell Ag+/Ag g
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