ENGLISH

1 Represent the galvanic cell in which the reactions is 1
Zn(s) + Cu?*(aq) — Zn?*(aq) + Cu(s)

ANS:  Zn | ZnSO4 (1M) || CuSOa (IM) | Cu(s)

2 What is primary cell? Give an example. 1
ANS: Itis a cell in which products cannot be changed back into reactants, i.e. it is not
rechargeable, e.g. dry cell and mercury cell. In this cell, electrical energy is produced by the redox
reaction occurring in the cell.

3 What are secondary cells? 1
ANS: Those cells which are rechargeabe, i.e. products can be converted back into reactants.

4 Arrange the following metals in the order in which they displace each other from the solution of
their salts. 1
Al, Cu, Fe, Mg and Zn.

ANS: Mg, Al, Zn, Fe, Cu is the decreasing order of their reactivity.
5 How much charge in Faraday is required for reduction of 1 mole of Al** to Al? 1
ANS: APP* + 3e” — Al(s), i.e. 3 Faradays of charge is required.

6 Define specific conductivity (specific conductance). 1

ANS: Specific conductance is defined as the conductance of electrolyte when distance between
electrodes is 1 cm and area of cross section is 1 cm?.

7 Complete: A° Na SO, = 1

ans: AnNa,SO, = 2% Na® + A7 SOJ” or A°Na,SO, = 24°Na™ + A°SO}"

8 How many Faradays of charge are required to convert:
1 mole of M1O4 1 Mn**jopn.

MnO; — Mn®*, Mn'* + 567 — Mn®"

MnOJ + 5¢~ + 8H" —— Mn*"+ 4H,O MnOj

ANS: That is, when 1 mole of

changes to M 1"1;+, 5 Faradays of charge is required.

9 Why does alkaline medium inhibit rusting of iron? 1
ANS: It will remove H™ which are essential for rusting.

10 (a) Following reactions occur at cathode during the electrolysis of aqueous silver chloride solution: 2
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AgT(aq) + € —— Apg(sii E° = +0.80V
H(aq) + € —> —Hy(g): E° = 0.00 V _ _ _
2 On the basis of their standard reduction electrode
potential (E°) values, which reaction is feasible at the cathode and why?
(b) Define limiting molar conductivity. Why conductivity of an electrolyte solution
decreases with the decrease in concentration?

Ecen = E%ug+iag — Em+/1m, = +0.80 — 0.00 = +0.80 V
1

o

[—I:s + AgT —— H+[a§~'] + Agis)

This reaction 1s feasible because E°C_, 15 +ve.
ANS: (a) Therefore. AG will be —ve. since AG® = —=E°F. (b) Limiting molar
conductivity is the maximum conductivity when solution is infinitely dilute, such that on further

dilution, there is no increase in Am. Conductivity decreases with decrease in concentration
because the number of ions per unit volume decreases.

(a) Following reactions occur at cathode during the electrolysis of aqueous copper (Il) chloride
solution:

Cu’t(ag) + 2e — > Cu(s): E° = + 0.34V 2
H* +e— >LH (e E°=0.00V _ _ _
(ag) + e 7 Ha(8) On the basis of their standard reduction
electrode potential (E?) values, which reaction is feasible at the cathode and why?
(b) State Kohlrausch law of independent migration of ions. Write its one application.

ANS: (a) At cathode: Cu™" + 2e” —— Culs) The above reaction is feasible at cathode

g = 34 7 . . ~ 2 e = 0,
because Ecu2tica = F 0-3% 1€ 0q,ction potential of Cu™Fis higher than H* as Pty = 0

(b) Kohlrausch law: It states, ‘The limiting molar conductivity of an electrolyte is equal to the sum
of contribution of cations as well as anions’.
Application: It helps in calculating L° (limiting molar conductivities) of weak electrolytes.

Following reactions occur at cathode during electrolysis of agueous sodium chloride solution:

Na™ + e —> Na(s; EE=-271V 2
H* +e—— L H(g:E° =000V _ _ _
2 On the basis of their standard electrode potential

(E°) values, which reaction is feasible at the cathode and why?
H* + e —> LH,
ANS: = is feasible at cathode because it has higher reduction potential.

The standard electrode potential (E®) for Daniel cell is +1.1 V. Calculate the AG® for the reaction:

Zn(s) + Cu’*(ag) —> Zn’*(ag) + Cu(s) (1 F = 96500 C)

Znfs) ———> Zl12+:ag'j| + e

CL11E+:ag] + Qe —» Cuis)

Znis) + Cu.ﬂ_iag: —_— Z115+:ag] + Cuis)

E:

cell

heo e _ —2x1.10 V x 96500 C
ANS: At rEF TO00

= 1.10 WV

= — 212.5 k] mol™!

Zinc rod is dipped in 0.1 M solution of ZnSO4. The salt is 95% dissociated at this dilution at 298 K.
o 2
Calculate the electrode potential. Given @i = _ 076 V.
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ANS:

as

[ Zn®T] = 0.1 = = 0.005 M
100
A e, Z1s)
) R 0.0591 1
LZr_""'.‘Zr_ - I--?n2+.'?.n - < =1 -_?'_ILE'J
— . 0.0591 1 . e DLD59T o
= —0.75 N —Li‘jlogm——ij.xﬁ‘x—f[logl[}[}{]—loggs]
B 00591 W . . 0.0591 W
= —0.76V—-—"_ [3.000-1.9777]=-0.76 V- ———— x 1.0223
o LR ST ) . _ _ _ — .
= _0.76 V- — " v = _0.76 V- 0.0302 V = — 0.7002 V

<

Give an example of a fuel cell and write the cathode and anode reactions for it.

ANS: Fuel cells are those cells in which chemical energy of a fuel is converted into electrical

energy.
[Hoig) + 20H" (ag) — ZHO (I} + 2] = 2 At anode 2]
DS gh + EI—I,_,C) (i} + 47 —— 4OH" (ag) At cathode T
QI—]Q-:'_g'l + C):ljg"] R — EI—IEO (&) MNet cell reaction

Write the overall reaction that occurs during use (discharging) of nickelcadmium cell. Is it a
primary or a secondary cell. Mention its one merit over the lead storage cell.

ANS: Nickel-cadmium cell: It is another type of secondary cell which has longer life than lead

storage cell but more expensive to manufacture. The overall reaction during discharge is

Cd(s) + 2Ni(OH)s(s) — CdO(s) + 2Ni(OH)z(s) + H20 (l). Its merit over the lead storage cell

is its longer life as compared to lead storage battery.

Mention the reactions occurring at (i) anode, (ii) cathode, during working of a mercury cell. Why

does the voltage of a mercury cell remain constant during its operation?

ANS: Mercury cell: It consists of zinc mercury amalgam as anode, a paste of HJO and carbon

as the cathode. The electrolyte is a paste of KOH and ZnO. The reaction of the cell is
At anode: Zn (amalgam) + 20H™ — ZnO(s) + H20 + 2e~

At cathode: HgO(s) + H.O + 2e~ — Hg(l) + 20H"

The net reaction: Zn (amalgam) + HgO(s) — ZnO(s) + Hg(l)

It gives constancy in voltage over long period because no ions are involved in net cell reaction. It

is used in watches and hearing aids.
The conductivity of 0.20 M KCl at 298 K is 0.025 S cm. Calculate its molar conductivity.

A — 1000xxk _ 1000x0.025x107%
ANS: ™ M 0.20

— " 2> _
= 125 S cm” mol?!

The conductivity of 0.001 M acetic acid is 4 x 10° S cm™™. Calculate the dissociation constant of

an acid, if molar conductivity at infinite dilution for acetic acid is 390 S cm? mol=.

A — 1000k _ 10003431077 _ : 2 1
Mo M 0.001 40 S cm” mol
Ay) 40
— LA = 109
o A" 390 0.1026
X — Co? _ 0.001x(0.1026)" _ 1077 x1.053 =107
a I— o I—0.1026 0.307 4
1.053 = 107° - - ~1
= Lbod =1l _ 5 37 = 10 1 L
ANS: 0.807 4 ! me

Calculate the time to deposit 1.27 g of copper at cathode when a current of 2 A was passed
through the solution of CuSOa.
(Molar mass of Cu = 63.5 g mol™, 1 F = 96500 C mol™)

3

2
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t =7 m = 1.2V g, I =24
m = £ = I = ¢
— Eqg. Wit
= 1.27 = —L " x92x¢.
Q500
— 1.97 = 06500 = Atomic Wt 5.,
- Valency -
= 1.27 x 06500 = B35 s 05y
_ 1.2V = 96500 _ 127 =10 96500
= ¢ 63.5 - 1O =655
ANS: = 2 = 965 = 1930 seconds.

In the electrolysis of agueous sodium bromide, there are two possible anodic reactions:
2H,0(l) — O2(g) + 4H*(aq) + 4e, E° =123V

2Br-(aq) — Brx(g) + 2e~, E° =1.08 V

Which reaction occurs at anode and why?

ANS: 2Br(aq) — Brz + 2e~ occurs at anode because it has lower reduction potential. Liberation

of O, requires over voltage.

The molar conductivity of 1.5 M solution of an electrolyte is found to be 138.9 S cm? mol.
Calculate the conductivity of this solution.

A = L0000k

i ;1Lf
= 1389 S cm” mol™? = %

_ 138.9x%1.5 _ 208.35 _ o aea e
® 1000 1000 0835 x 107 S em™.

ANS:

The specific conductivity of 0.40 M solution of KCl at 258 K in 4.96 x 10~2 Scm™*. Calculate its
molar conductivity.

1000k 1000 x 4.96 %102
M 0.4

Molar conductivity A = = 124 S cm” mol™.

ANS:

(a) Calculate ArG® for the reaction:

Mg(s) + Cu*'(aq) — Mg*(aq) + Cu(s)

Given: E°cei =+ 2.71 V, 1 F = 96500 C mol™

(b) Name the type of cell which was used in Apollo space programme for providing electrical
power.

ANS: (a)

AG® = — nE°F
=_2x 271V x06500C Mg(s) —> Mg *(ag) + 2¢
= — 523030 ] Cu*(ag) + 2 —> Culs)

— 592 N30 1 -1 5
= — 523.050 kJ mol Mg(s) + Cu’"(ag) —> Mg F(ag) + Culs)

(b) H2—

02 Fuel Cell was used in Apollo space programme for providing electrical power.

Calculate emf of the following cell at 25 °C:
Fe | Fe?* (0.001 M) || H*(0.01 M) | Hz(g) (1 bar) | Pt(s)
E°(Fe* | Fe) =-0.44 V E°(H* | H2) = 0.00 V



26

27

Fe(s) —— Feg_u;ag] + 2e”
THﬂmjrj + DT — Hﬂg]

Fe(s) + 2H"(ag) — Fe*"(ag) + Hylg)
Here. B
Ecn = Econ — U,t];-:,gl 1”,1__!,'[ Plj__J
B [H7]
= (%4, — E'pe2type) — l].{]‘;-:,gl 1”3'“1:]’__._,72

= [0 — (-0.44 V)] — Ml:}g 10

=

ANS: = +0.44 V — 0.0295 = 0.4105 V.

A strip of nickel metal is placed in a 1 molar solution of Ni(NO3). and a strip of silver metal is
placed in a 1-molar solution of ANOs. An electrochemical cell is created when the two solutions
are connected by a salt bridge and the two strips are connected by wires to a voltmeter.

(i) Write the balanced equation for the overall reaction occurring in the cell and calculate the cell
potential.

(i) Calculate the cell potential, E, at 25 °C for the cell if the initial concentration of Ni(NOs3); is
0.100 molar and the initial concentration of AgQNO3 is 1.00 molar.

[E'yita; = 0,25 V3 E° ) 4, = 0.80 Vi log 107 = -1]

(2) Nis) —= :\'ing} + 94
f.—‘tg"’-:'aq': + 27 —— 2Ag(s)

Ni(s) + 2Ag " (ag) —> Ni*"(ag) + 2Ag(s)

Eze]_'l - E?{E'Ihﬂde': - E?:umde: =4+ 0.30V-(-020Vi=1.05V
(i) E., = B, - Q0391V 1 [?\Ir*‘L
2 [AgT?
By = By~ 20201V 1og fi' L =1.05 v- L3IV 150 107!
) - (1) 2

= .05V - 00591V 1 — 1 05v + 00591V

ANS: = 105V + 0.0295 V = 1.0795V

Conductivity of 2.5 x 10 M methanoic acid is 5.25 x 10~° S cm™. Calculate its molar conductivity
and degree of dissociation.
Given: Ao(H*) = 349.5 S cm? mol™ and Ay(HCOO") =50.5 S cm, mol™.

K =525 x 10%Sem™ M =25 x 107 M.
5 O _ a0 0
Aucoon = MucooT) T AuT
= 3495 + 50.5 = 400 S cm® mol™’.
A= 1000 _ 1000 x 5.25 x 10 ? _ _1000x 525
Som M 9 5% 10t 103 2.5 %100
_ 525 _ 5250 _ 2 -1
= Am = H_T_L}m 5 em” mol
A, 210 921 o
= = = === ;9'
o AD 7400 40 1525
ANS: = o = 0.525 = 100% = 52.5%
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When a certain electrolytic cell was filled with 0.1 M KClI, it has resistance of 85 ohms at 25 °C.
When the same cell was filled with an aqueous solution of 0.052 M unknown electrolyte, the
resistance was 96 ohms. Calculate the molar conductance of the electrolyte at this concentration.
[Specific conductance of 0.1 M KCI = 1.29 x 102 ohm~ cm™]

k=129 ¥ 107° chm™ ecm™

=1yl
*TRTA
= L =xxR=129x10%°x 8 =109.65 x 10 = 1.0965 cm™
_ 1000x _ 1000 1 1
= MTTAM T M YR
A = 1000x1x1.0965 _ 109650 _ 91965 S cm® mol-!
s 0.052% 96 foog 219695 em7mol

The electrical resistance of a column of 0.05 mol L= NaOH solution of diameter 1 cm and length
50 cm is 5.55 x 10° ohm. Calculate its resistivity, conductivity and molar conductivity.

A=m" =314 % (0.5)° ecm® = 0.785 cm?

RxA _ 555x10°Qx0.785cm” _ o=
= = §7.1

p (resistivity) = 7 0 e 35 O cm.
k=1 ==~ _ 001148 S cm™
P 7135 00 em
N xx1000  0.01148 %1000 _ oo s 1
ANS: A M~ 005M 22965 em”mol

An aqueous solution of copper sulphate, CuSO4 was electrolysed between platinum electrodes
using a current of 0.1287 ampere for 50 minutes. (Atomic mass of Cu = 63.5 g mol™]

(a) Write the cathodic reaction.

(b) Calculate:

() Electric charge passed during electrolysis

(i) Mass of copper deposited at the cathode

[Given: 1F = 96,500 C mol™]

t =50 x 60 = 3000 s

I =012587 A
(@) Cu®™ + 2 — Culs); At cathode
by (1) @ =1 xt= 01287 x 3000 = 386.1 C
_ _ 63.5 a _ o=
ANS: ) m =2 x I Xt % 06500 ¥ 386.1 = 0.127 g

Calculate the emf of the following cell at 25 °C: Zn | Zn?* (0.001 M) || H* (0.01 M) | H2(g) (1 bar) |

'D _— ri -'r+ 'D 3 _— :r
pi(s) Entizm = ~0-76 Vi Efyoy,) = 0.00 ¥

3



In(s) —» Zns_gaq] + D7
EI—IJ’(aq] + 2¢¢ — Halg)

Zn(s) + 2ZH (ag) —— Zns_l;clc}] + H,lg)

n =2
. _pe_ 0.0591,  [Zn*]
Now, E:cel.l T Feell T n 1”?'.]' [“—|2
_ g 0 0.0591 ., 107
o I-E:[-l'.-'H-_- -E zn*zn! ~ 9 1”5 [“]_-_rll_r
= [0 - (- 0.76 V)] — LU 150 10
ANS: = + 0.76 V — 0.0205 = 0.7305 V
32 Estimate potential difference needed to reduce Al,Os at 500 °C and equilibrium constant ‘K’.

2 4 . .
= ALO; — = Al(s) + O,(g). 4,G = 960 kJ. F = 06500 C

ANS:
£y P
3 X2 APY £ 47— %.4.1
n =4
iﬁ.rG" = 060 x 1000 J = -nE°F
= 060 = 1000 = — 4 x E° x 96500
o
e = (960X1000 _ o 4oy
4 = 96500
;2 £ 5 AT — 0 O
Also, log K = & Ax-2457 _ 98 _ 1655048 + 11
(.0591 (.05491 (1.0591
K = 160.6752 -:;.—*antilmgl.
= K = 4.730 x 1071%9,
33 Calculate E°cell and A/G° for the following reaction at 25°C.

A*(aq) + B*(aq) — A**(aq) + B(s)
[Given Kc = 10%, 1F = 96500 C, R = 8.314 JK™* mol™!]

AT 5 AT 4
B7(ag) + & — Bi(s)

.%2_[czg| + B (ag) — .JLS_':_:GEW +B(s)

A R
los K. = 0.0591  0.0591

ANS: ° e nE®  1xE°
log 1010 = 0:0591
1 < E°
E° x 10 = 0.0591
E° = 0.00591 V
AG® = —nE°F
= 1 x 0.00591 x 96500
= -510.315 ]J.



34 Limiting molar conductivities of NH4Cl, NaOH and NaCl are respectively 129.8, 217.4 and 108.9 S
cm? and the molar conductivity of 102 M solution of NH;sOH is 9.33 S cm? mol. Calculate the 3
degree of dissociation of NH,OH.

A° NH,OH = A®° NH,C] + A° NaOH - A° NaCl
= 190.8 + 217.4 — 108.0 = 938.3 S cm” mol™

. Degree of dissociation

A 0,35
o =—" = ——=(003915 = 0.03915 x 100%
ﬂf; 238.5
ANS: = o = 5.915%

35 How long a current of 3 amperes has to be passed through a solution of silver nitrate to coat a
metal surface of 80 cm? with a 0.005 mm thick layer? Density of Agis 10.5 g cm=. At. Wt. of Ag = 3
108.0 u.

ANS:
Volume = Area ¥ thickness = 80 cm® x 0.005 x 1% cm = 0.04 cm?
Mass of Ag = Volume Densitj.' = 0.04 em® x 10.5 g cm™ = 0.49 g
m =2 x T =t
108 . e Aromic weight 108 .
= 042 =————_ w5 xi|Eg. Wt ol Ac = . —= =108
96500 1 O A5 Valency 1
A ¥ O[5 L%
= t = ”‘E;ﬁ;’”“ = ”;L::lm = 125.00 seconds.
36 Calculate the equilibrium constant, K for the reaction at 298 K,
In(s) + Cuﬂ_[ag] = = Zn""_u;ag] + Cuis)
Given E?, 20, = — 0.76 V 3
I:"gf:lili_."f:lil =+ 03¢V
Znis) + Clue_mq} - Znﬂ_[ag} + Culs)
At anode Zn —— Zn®t + 2¢
At cathaode Cut + 2 — 5 Cuis)
'E:E'_'_ = '[ngiuz_."l.’:u - Eg.?'.tzf_."?'.[:}
=4+ 034V-(-0.76V)=1.10V
E2 = 2039010 &
- EE'IX:[;‘QH.:II — 2110V — Y ook
= log K = 50501 — ~ 00591 _ °/-2230
= K = Anulog of 37.2250
ANS: = K = 1.679 = 105?
37 For the cell: Zn(s) | Zn?*(2M) || Cu?*(0.5 M) | Cu(s)
(a) Write equation for each half-reaction.
(b) Calculate the cell potential at 25 °C. 3
[Given: E7; 2+, = — 0.76 V: E°2+c, = + 0.34V]
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(@) Znis) — Zn~" lag) + 2

Cuﬂ_[ag} + 27— Culs)

Zn(s) + Cu*"(ag) — Zn**(ag) + Culs)

) B = pe 00591 [Zn*] _ (% oe — E°, 2oy ) 00591V ) 2
) cell ==l 9 - [(;112—" * Cu= " Cu I n 9 bl ﬂ“‘:’}
= [+0.34V + 0.76] - 2OV 1,04 — 4110 v L0391V . 502
ANS: = 1.10 V_ 0018V = 1.082 V

Consider the cell: Mg(s) | Mg?* (0.13 M) || Ag* (1.0 x 10™%) M | Ag(s)
Its emfis 2.96 V. Calculate E°cell.
(R =8.314 JK* mol?, 1F = 96500 C mol™)

Mgis) —> Mg (ag) + 2¢

2Ag T (ag) + 2 — 2Agis)

Mg(s) + 2Ag7(ag) —Mg™ (ag) + 2Ag(s)

E_ = E - 00501, [Mg_' j
‘ - [AgTT
& 4206V = B, - 005911, 0.13
: 2 (1072
- 2.96 V = Ez,y - 0% [log 1.3+7.000]
= E2_,—0.0295[0.1139 + 7.000]
= 9.96 V = EZ_ —0.0295 x 7.1139
o — 0 [a] — {}r. .'I
s = ES, = +2.96 + 0.209 = 3.169 \

A conductivity cell was filled with 0.1 M NacCl solution at 25 °C. Its resistance was found to be
176.6 ohms. The conductivity of the solution is 9.2 x 102 S cm™™. The cross-sectional area of the

electrode used was 4 cm?. What must be distance between the electrodes and calculate molar
conductivity.

K = i)(i
R A
_ | !
9.2 x 107 = X —
176.6 4
= [ =992 %x 102 x 176.6 x 4 = 6.5 cm
- 09 -5
A = 1000k _ 92x10PX1000 _ g9 g o mor
ANS: " M 0.1

How long will it take an electric current of 0.15 A to deposit all the copper from 500 mL of 0.15 M
copper sulphate solution?

3



41

42

500%0.15 _
1000

Mass of Cu = 0.075 x 63.5 = 4.7695 g: Eq. Wt. of Cu®* = 833 — 3775
m=2Z x 1 xt

500 mL of 0.15 M ELI_ISD_L_ solution contains 0.075 mole of Cu

-cos — al.75 :
= 4.7625 96500 W 0,15 = ¢
_ 49625 X 96500 _ orsnn — 96500 _ o .
ANS: ¢ 31.75%0.15 96500 = =5 = 20-80 hours.

(a) Define the following terms:

() Limiting molar conductivity (ii) Fuel cell

(b) Resistance of a conductivity cell filled with 0.1 mol L=t KCI solution is 100 Q. If the resistance
of the same cell when filled with 0.02 mol L= KCI solution is 520 Q, calculate the conductivity and
molar conductivity of 0.02 mol L~ KCI solution. The conductivity of 0.1 mol L= KCI solution is 1.29
x 102 Qtcm™

ANS: (a) (i) Limiting molar conductivity: It is defined as the maximum molar conductance of an
electrolyte when solution is infinitely dilute, i.e. concentration approaches zero when electrolyte
solution is kept in cell, unit distance apart having large area of cross-section to hold enough
electrolyte.

(i) Fuel cell is a cell in which chemical energy of a fuel is converted into electrical energy.

(b) R =100 ohms, M = 0.1 mol L™ of KCI

_ 1,1
K= R*a
a _9 -1 -1 _ 1 e
= 1.20 x 107 ohm™ cm 100 ohm X y
= Ll = 1.99 cmt
: | [ | ¢ 1.29 -
Again, = —mH —=e— 1.2 = —— =11
gaim R* 17520 5.90

= 9.48 x 10~ ohm™ em™’

. 9 A 3
Now. M = 0.09 mol [}, A = 1000k _1000x248x10

S M .02
= 194 S cm” mol™!

(a) State Faraday’s first law of electrolysis. How much charge in terms of Faraday is required for
the reduction of 1 mol of Cu?* to Cu?
(b) Calculate emf of the following cell at 298 K:

Mg(s) | Mg?* (0.1 M) || Cu?* (0.01) | Cu(s) [Given E°ceii = +2.71V, 1 F = 96500 C mol-Y]

ANS: (a) It states that the mass of the substance deposited is directly proportional to charge
passed through electrolyte.

10
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Cu?* + 2e” — Cu(s) 2 Faraday of charge is required to deposite 1 mole of copper, i.e.

(a) State Kohlrausch law of independent migration of ions. Write an expression for the molar

63.5 g of Cu. (b)
Mg — Mg™" + 2
Cu™ + 2% —» Cus)

]

Mg(s) + Cu™ " (ag) —> :"v[g?+ + Cufs)

F 3\-‘11]'24_
g = g _ 00591, . Mg

cell cell — 9 b [(,I“!—l

=971 v - LU 5010 = 971 v - 0.0205 = 2.68 V

9

conductivity of acetic acid at infinite dilution according to Kohlrausch law.

(b) Calculate A;for acetic acid.

Given that »;(HCI) =426 S cm? mol?
A (NaCl) = 126 S cm? mol-

A (CHsCOONa) = 91 S cm? mol-

ANS:

|:\ & ‘:I

(a) What type of a battery is lead storage battery ? Write the anode and cathode reactions and the

Kohlrausch's law of in dependent migration of ions: .%ccr:rrd'mg to this law,
molar conductivity of an electrolyte, at infinite dilution, can be expressed
as the sum of the contributions from its individual 1ons. If the molar

conductivity of the cations 15 denoted by lf and that of the anions by

~*, then the law of independent migration of 1ons 1s

AS=v WD + v A”

or AN=wv A+ v AL

wherev, andv_are the number of cations and anions per formula of electrolyte
A, CH,COOH = A; CH;,COO™ + A, H™

m
. .. {hm}('
The degree of dissociation o can be calculated by the formula o = W

L S =

where -:;ﬂm‘:-c 1s melar conductivity of a particular conc. and lﬂmlm 15 the

maximum molar conductivity of infinite dilution. It is also denoted by
AL . called himiting molar conductivity.

)] ;"'Lriu;.\'aCl‘:- = A%(Nat) + AYCly =126 8 em” mol ™ eeul2)
J"'!L;;I:_HC]-] = }L°|;H+:] + A%(Cly) = 496 S cm” mol™? RETY

AS (CH,;COONa) = A (Nat) + A(CH,COO™) = 91 S cm® mol™!  ...(i)
Adding (1) and (i) and subtracting (2). we get
AZ(CH,COOH) = A5%(H") + A*(CH,CO0")
= AJ(HCl) + A (CH,COONa) — A (NaCl)
= (426 + 901 — 196) = 301 S cm” mol™

overall cell reaction occurring in the operation of a lead storage battery.

(b) Calculate the potential for half-cell containing 0.10 M K»Cr.Oz(aq), 0.20 M Cr3*(aqg) and 1.0 x

10~

M H*(aq)

The half-cell reaction is

11

5
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Cr207%~(aq) + 14 H*(aqg) + 6e~ — 2Cr®*(aq) + 7H20(l) and the standard electrode potential
is givenas E°=1.33 V.

ANS: (a) Lead storage battery: It is a secondary cell. It consists of a lead anode and a grid of

lead packed with lead dioxide as cathode. A solution of sulphuric acid (38% by mass) is used as

electrolyte.

The cell reactions when the battery is in use are given below:

Anode  Phis) + S(:}f_-:"acz‘rl —> PbSOyis) + 2¢~

Cathode : 1:“1_':(:]'2 (2} + S(:}f_-:;acjl +4H (ag) + 267 —— PbSC)_l (s) + EI—IEC) (0 H
e overall

cell reaction consisting of cathode and anode reactions is:

|'. ._I L ) o . -Lll s ] . ; 0 F )
Fb (s) PI}OE (5] + _HEE.C)‘_l ag) —> _F"IJE»CI'_l is) + _HED I“'On recharging the

battery, the reaction is reversed.
2Pb5S0O, + 2H,O0 —— Pb(s) + PbO,(s) + 4HT + 250

* (b)
I 0.0591V [Cr**®
E _— E - - 1:}1.]' -
cell cell 6 = [(1'1'2()%’ |[Il'|]1
= o2
=1 53 \ _ U.“JE_‘]]. ".r 1‘}?_1; {“.,_.j —
6 T (1.0=x 107
- . . _2
— 155 v 0591V, 4x1072
6 1.0 =107
= 1.35 v - L0991V 105 4 x 10%°
¥
= 1.5 V — 7“*“555“ V.« 55.6021
= 1.8 V — M?"—‘ = 1.3 V — 0.5476 V = 0.7824 V
¥

(a) How many moles of mercury will be produced by electrolysing 1.0 M Hg(NO3). solution with a
current of 2.00 A for 3 hours ? [Hg(NOs)2 = 200.6 g mol]

(b) A voltaic cell is set up at 25° C with the following half-cells AI** (0.001 M) and Ni?* (0.50 M).
Write an equation for the reaction that occurs when the cell generates an electric current and
determine the cell potential.

(Given: E° 2+ = — 0.25 W E%p3+4, = - 166 V)

200.6 % 2 = 3 =60 = 60

@) m=Z ; }I;: b= 5 % 96500
_ 43329.6 _ 0o 4
= ™= Tlos0 o0 s
Nuraber of moles = 2245 0119 mol
LMD EYT O IMoles = m = . Z 1M
15} [Al(s) — Al*T(ag) + 3¢7] x 2

[Ni*7(ag) + 2 —> Nifs)] = 3

9Al(s) + 3Ni2*(ag) —> 2A1*(ag) + 3Ni(s)

ANS:
e e we . . D.0591,  [AIFF]®
E‘cell (E s Rl E At 6 ]t:i—; [Nig__lﬁ
- - -5, 2
— [ 0.25 V — (= 1.66 V)] — L0591V, (10 )
6 (0.50)°
— 141 v DoO591WV . 8x107°
: 6 g 1
= 1.41 V — % [log 8 + log 1079]
= 1.41 V — % [0.9031 — 6.0000]
= 1.41 V — % =< [— 5.0969]
141 v . 03012V
' 6
= 1.41 V + 0.0502 V
= 1.4602 V
= 1.46 \
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48
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(a) Define the term conductivity and molar conductivity of the solution of an electrolyte. Comment

on its variation with temperature.

(b) The measured resistance of conductivity cell was 100 ohms. If 7.45 g of KCl is dissolved per
[

litre of solution. Calculate (i) specific conductance (ii) molar conductance. [ 1= 1.25 cm™, Molar
mass of KCl is 74.5 g mol™]

ANS: (a) Refer Answer to 3.7 (NCERT Exercises).
Conductivity and molar conductivity increase with increase in temperature because degree of
ionisation and mobility of ions will increase.

@ = txl_o 1 195 =195 % 102S em™
R4 100

@ A, = s L T” = 1000 x 1.95 x 10 x 10
iV W

745 1

=125 S cm” mol™.

(b)

A new galvanic cell of E'ces more than E’cei of Daniel cell is connected to Daniel cell in a manner
that new cell gives electrons to cathode, what will happen

(a) Ecen Will increase

(b) Ecen Will decrease

(c) No change will take place

(d) Daniel cell will work as electrolytic cell where Zn will be deposite on zinc rod and copper will
dissolve from copper rod.

ANS: (d) is correct.
-+ external emf is greater than emf of Daniel cell.

Ag'(agq) + e~ — Ag(s) E°=+0.80V
Fe?*(ag)" + 2e- — Fe(s) E°=-0.44 V
What is emf of

Fe(s) + 2Ag* (ag) — Fe*'(aq) + 2Ag(s)
(@) 1.16 V (b) 1.24V

(c)2.04V (d)-1.16 V

{bj Ecel E':LE+ Ag E‘Fe- Fe

ANS: =080V-(-044)=124V

Which of the following expression is correct for ‘Ka’ in terms of A° and A, where ‘C’ is molarity.

K — CAZ, K — CAZ
@ Ko = A (A, — A) @) e = R A
. CAZ L CAZ
i DX = Re—Aw

A W2
, Cx :‘)
A, _ Ca~ iy
() o= - K, = I = Y
° —a | Am
Ay
_ Cx A, 3 CA,,

'ﬁ"ﬁ (4 *"ﬂ m} fﬁl‘{;lfﬁ{;l - "'*"m}
ANS:

13
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52

53

54

55

What is pH of the half cell Pt|H,(g)/H" if E&- 5,
=—0.0205V )

(@) 1 () 2 () 0.5 (d) 3

0.0591, 1
)  Eyep =E2. . — .
; T R W
£01 o
— 0.0295 r:ﬂ_wqﬁ
0.0295 1
pE = =—=05
ANS: 00591 2

X(s) + 2Y*(aq) = X?*(aq) + 2Y(s); (E'cen = 0.059 V ) What is the value of ‘K’ for above reaction?
(@)1 x 108 (b) 1 x 102
(c) 4 x 103 (d) 3 x 10*

(B) X — X°° + 2"

2 + 27— 2Y

n=2
E" 2=0059Y
logK = - = =2
0.0591 0.0591
ANS: K =102

Which of the following statement is correct?

(a) Ecen and AG of cell reaction both are extensive properties.

(b) Ecen and A/G of cell reaction both are intensive properties.

(c) Ecen is an intensive property while A;G of cell reaction is an extensive property.
(d) Ecen is an extensive property while A;G of cell reaction is an intensive property.

ANS: (c) E'cen depends upon concentration (amount) of substance therefore, intensive property
but AG is extensive property.

While charging the lead storage battery
(a) PbSO, anode is reduced to Pb.

(b) PbSO, cathode is reduced to Pb.
(c) PbSO4 cathode is oxidised to Phb.
(d) PbSO, anode is oxidised to PbO..

ANS: (a) 2PbS0O4 + 2H.0 — Pb + PbO2 + 2H2SO4

On the basis of following E°values, the strongest oxidising agent is

[Fe(CN),)" — [Fe(CN)J* + ¢  E°=-035V
Fe'' — s Fe' + ¢ °=_0.77V

(a) Fe** (b) Fe'*

() [Fe(CN)(* (d) [Fe(CN)g]*

ANS: (b) Itis because Erere_ g 77 V, it means Fe®* can gain electron early to form Fe?*.

Am of M/32 solution of weak acid is 8 S cm? mol~* and limiting molar conductivity is 400 S cm?
mol. K, for acid is (a) 1.25 x 10~ (b) 6.25 x 10~
(c) 1.25 x 107 (d) 1.25 x 107

14



A B 1

o= _m_
@ AS 400 50
TTm
C 2
Kazi o = < = 1 (l_az 1}
|-
K, =Ca’
] ] ] ] s 1000
= = —x 10T = —x 107
32 50 30 B0 200
ANS: K, =125x107
The positive value of the standard electrode potential of Cu?*/Cu indicates that ()

this redox couple is a stronger reducing agent than the H*/H couple.
(b) this redox couple is a stronger oxidising agent than H*/H,.

(c) Cu can displace H, from acid.

(d) Cu cannot displace H- from acid.

ANS: (b) and (d) are correct.
Cu is less reactive than H» so cannot displace H» from acid. Redox couple is good oxidising agent
as Cu?* + 2e- — Cu(s) is possible due to +ve emf.

E’cen for some half cell reactions are given below. On the basis of these mark the correct answer.

() H(aq) + e —> %H:{g}; EZ ,=0.00V
(if) 2H,0 (I) — O4(g) + 4H (aq) + 4e~;

EQ,, =123V
(iif) 2803 (aq) —> S,05 (ag) + 2e7;

ES, =19V

(a) In dilute sulphuric acid solution, hydrogen will be reduced at cathode.
(b) In concentrated sulphuric acid solution, water will be oxidised at anode.
(c) In dilute sulphuric acid solution, water will be oxidised at anode.

(d) In dilute sulphuric acid solution, SOY ion will be oxidised to tetrathionate ion at anode.

(a) and () are correct.
At cathode: 2H™ + 267 —— H,(g)

At anode: H,O —— %Gq + IH + Ze~.
ANS: - = =

=
Ecan- 1.1V for Daniel cell. Which of the following expressions are correct description of state of
(ay 1.1 = K

[
2.303RT o
(B) > log K_=1.1

(c) log K_=

equilibrium in this cell? (@ le= K, = 1.1

(b) and (c).
© logk = ME°__2xL10_ 220
ST 00591 0.0591 00591

L r 7
®) Eo = 0.591 log K, _ 2.303 R'l']mg K
H 2 :
2303RT
1.10V = ———log K,
ANS: 2F
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AP H,O is equal to

e

[WCERT Exemplar Problem]
@ A, @men * A ovaom) — A (vacy

®) A, @ENOy) * A, (NaNOy) ~ AL, ova0m)

(c) *"Lgm:u}s) + ﬁﬁ: (NaOH) ~ ﬁ'fj, (NaNO3)

@) A, ~NH,0H) T Ay @y — A, (NH,,CD)

(a) and ().

4 O

T e a0 o o o —_ L]
Apr T AG T W T ASE — Mear — Ao = Ao

P

L+ A0~ + AR+ H AL — A%+ — A%, = A
ANS: H NO3 Ma OH Na MO HyO
Match the terms given in Column | with the units given in Column II.

Column|  Column i
(@) Am (i)Scm™
(b) Ecen (i) m™

K

(iii) S cm? mol™

(c)

(d) G* (iv) v

ANS:  Am—=Scm?mol?, Eca -V, *_s cm™, G*—m?

Match the terms given in Column | with the items given in Column Il.

Column | Column Il

(a) Am (i) intensive property
= - .
(b) E(;E]] (ii) depends on number of ions/volume

(c) K (iii) extensive property

(d) ArGeel (iv) increases with dilution

ANS: (a) Am increases with dilution.

(b) E’cen is intensive property.

(c) Kdepends upon number of ions/volume.
(d) AiGeenl is extensive property.

Match the items of Column | and Column Il

Column | Column I
(a) Lead storage battery (i) maximum efficiency
(b) Mercury cell (i) prevented by galvanisation

16
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64

65

66

(c) Fuel cell (iii) gives steady potential

(d) Rusting (iv) Pb is anode, PbO; is cathode

ANS: (a) Lead storage battery — Pb is anode, PbO; is cathode
(b) Mercury cell gives steady potential (Constant value)

(c) Fuel cell has maximum efficiency.

(d) Rusting is prevented by galvanisation.

In the following questions a statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices. (Q.18 to Q.20)

(a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for
assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

Assertion: Ecen should have a positive value for the cell to function.

Reason: Ecathode < Eanode

ANS: (c) Assertion is correct statement but reason is wrong statement.

In the following questions a statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices. (Q.18 to Q.20)

(a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for
assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

Assertion: A\n for weak electrolytes shows a sharp increase when the electrolytic solution is
diluted.

Reason: For weak electrolytes degree of dissociation increases with dilution of solution.

ANS: (a) Assertion and reason both are correct statements and reason is correct explanation
for assertion.

In the following questions a statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices. (Q.18 to Q.20)

(a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for
assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

Assertion: For measuring resistance of an ionic solution an AC source is used.

Reason: Concentration of ionic solution will change if DC source is used.

ANS: (a) Assertion and reason both are correct statements and reason is correct explanation
for assertion.

AC i .
A for weak electrolyte is determined by
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68

69

70

71

72

73

74

ANS: Kohlrausch law
The guantity of change required to obtain 1 mole of Al from Al,O3 is

ANS: 3F

2 4
3 3 number of moles of electrons gained or lost =

ANS: n=4

If li?—“e"is —ve, cell will not work. [True/False]

ANS: True.

If external emf opposing Daniel cell is less than 1.10 V, cell will keep in working. [True/False]
ANS: True.

Salt bridge completes internal circuit and prevents accumulation of charges. [True/False]
ANS: True.

Inert electrolyte in salt bridge reacts with solution of half cells. [True/False]

ANS: False, (Inert electrolyte does not react with any of the electrolyte present in half cell).

Calculate the time in hours for collecting 24g of Mg from MgCl; using 10 amp current? (Mg = 2 hr)

(@) 2 hrs (b) 4 hrs
(c) 5 hrs (d) 5.36 hour

(d) m=ZxIxt
7
24g= — 2 10xt
2 = 96000
i C
= = 19300 =£=5.3(: hours
ANS: =60 36

AG AG
) — (b) —
@ AS ) AH
AS AH
c) — (d) —
© AG ) AG

Efficiency of fuel cell is equal

ANS: (b) Itis ratio of AG (useful work) to AH (total work)

18



75 Which cell will measure standard electrode potential
of copper electrode? [NCERT Exemplar Problem]

() Pi(s)[H, (2.0.1 ban)|H" (aq..1 M)|[Cu**(aq., IM)/Cu
() PH(s)H, (2. 1 bar)[H" (aq..1 M)[|ICu”" (aq..2 M)|Cu
(¢) Pt(s)[H, (. 1 bar)|H" (ag..1 M)||Cu’+ (ag..1 M)/ Cu
(d) Pt(s)|H, (g 1 bar)/H" (aq..0.1 M)[|Cu™ (ag..1 M)|Cu

ANS: (c) because conc. of Cu?* = 1M, H* = 1M, pH, = 1 bar

76 Electrode potential for Mg electrode vanes according

to the equation
8 0.059 1
EMgE*IMF - EMg'_[Mg -3 log Mg

The graph of Eyj 1+ vs log [Mg™] is
[WCERT Exemplar Problem]

(@) 4 (&)
2 ?,//f/
& &
7 2
logMg™"] — log[Mg™"] —
© | @
= 5]
logMg™] — logiMg>] —
(B) ERienie is directly proportional to log [Mg”*] but
ANS: it can’t be zero.
77 The equilibrium constant of the following reaction at 298 K is 1 x 108 for

2Fe’*(ag) + 21 (ag) = 2Fe**(ag) + L
Eﬂlzll = + ﬂ.5‘4 ‘l'r EIIJE}-'-EE = ?

(@) +1.006 V () +0.77V
(©) —0.77V (d) - 0625V
E°  2xE°
() logK = ——=
0.0591  0.0591
2% E® E®
= logl0® = = 8=12x
0.0591 0.0591

E°=4=00591=023647V
Eten = Efed=pa2s — Ef’gﬂl—
0.2364 V = EZ 300 — 0.54V

ANS: Ell":le3'+ﬂ'_ez+ =0.7764 V

19



What will happen during the electrolysis of agueous solution of CuSO. by using platinum
electrodes? [NCERT Exemplar Problem]

(a) Copper will deposit at cathode.

(b) Copper will deposit at anode.

(c) Oxygen will be released at anode.

(d) Copper will dissolve at anode.

(a) and ().
(@) Cu’™ + 26" — Cu(s) (At cathode)

(¢) HHO — 2H + %Gq +2e” (At anode)
ANS: - = 7

What will happen during the electrolysis of aqueous solution of CuSQ4 in the presence of Cu
electrodes?

(a) Copper will deposit at cathode.
(b) Copper will dissolve at anode.

(c) Oxygen will be released at anode.
(d) Copper will deposit at anode.

(@) Cu’" + 26— Cu (At cathode)

ANS: (5) Cu— cu’® + 2e (At anode)

For the given cell, Mg|Mg?*|| Cu?*|Cu
(a) Mg is cathode
(b) Cu is cathode
(c) The cell reaction is
Mg + Cu?" — Mg?* + Cu
(d) Cu is the oxidising agent

ANS: (b) Copper is cathode. Cu?* + 2e~ — Cu(s)
(c) Cell reaction is Mg + Cu?* — Mg?* + Cu

Match the items of Column | and Column II.

Column T Column IT
(a) x () Ixt
(B) A, (i) A, /A2
© o (iff) %
@ Q m <
oG K
(@) (M) x= EY (B) (i) A, = e
@ @Ma=2m @ @®Q=Ixt
ANS: “tm

Match the items of Column | and Column II.

Column | Column Il

(a) Lechlanche (i) cell reaction
cell 2H, + O, = 2H,0
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84

85

(ii) does not involve any ion in solution and is used in

(b) Ni=Cd cell hearing aids.
(c) Fuel cell (iii) rechargeable

(iv) reaction at anode,

d) Mercury cell
(d) Mercury cell J * 7 2 4 ge-

(v) converts energy of combustion into electrical
energy

ANS:  (a) (iv) (b) (iii) (c) (i) (d) (ii)

Match the items of Column | and Column Il on the basis of data given below:

LE_- 28TV, LI[:|_[I =-33V,

=) ¥ =] F
Eautian =14V, Eppypr =1.09 V

Columnl Column i

(a) F, (i) metal is the strongest reducing agent

(b) Li (i) metal ion which is the weakest oxidising agent
(c) Audt (iii) non-metal which is the best oxidising agent
(d) Br~ (iv) unreactive metal

(e) Au (v) anion that can be oxidised by Au3*

(f) Li* (vi) anion which is the weakest reducing agent

(g) F (vii) metal ion which is an oxidising agent

ANS:  (a) (iii) (b) (i) (c) (vii) (d) (v) () (iv) (f) (ii) (9) (Vi)

In the following questions a statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices. (Q.12 and Q.13)

(a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for
assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

Assertion: Eag+ag increases with increase in concentration of Ag* ions.

Reason: Eag+ag has a positive value.

ANS: (e) Assertion and reason both are correct statements but reason is not correct
explanation of assertion.

1,05 — 2Cr° -
Cr,03 2Cr, number of Faradays required =
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ANS:

Dil. HNOs, on electrolysis liberates

ANS:

Agar — Agar is gum like substance which holds inert electrolyte. [True/False]

ANS:

KCl is used in salt bridge because K* and CI~ have almost equal mobility. [True/False]

ANS:

Anode is on left side and cathode is on right side of galvanic cell. [True/False]

ANS:

6F

O,

True

True.

True.

22
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