Electrochemistry “_
SOLUTION OF ELECTROCHEMISTRY

EXERCISE # 1

PART - |
B-1. Lowest standard reduction potential highest reducing power.

B-2. Lowest standard reduction potential highest reducing power.

C-2. S04 +4e — %SzOzz‘

4 xE°xF=2x0936F+2x0.576F

Eo__ 2x0936 . 250576 _ o e o

C-3. Mn3* + e —— Mn2* 1.5 volt
Mn3* —— MnO2 + e~ — 1 volt
2H20 + Mn3* —— MnO2 + 4H* + e~
2Mn3* + 2H20—— MnO2 + 4H* + Mn2*,
2Mn3* —— Mn2* + MnO2, E°=1.5-1 = 0.5 volt.
AG =-1x0.5x 96500 =-48.25KJ.

C-4.  2Al203 (melt) — 2AI203(s) , AG°=-2x16
2A1203(s) — 4AI(l) + 302(g), AG2° =2 x 1269
3C + 302——> 3COg, AG3s°=—-3 x 395
2A1203 (melt) + 3C —— 4Al (1) + 3CO2(g),
AG® = AG°+ AG2° + AG3® = —32+2x 1269 -3 x 395 =1321 kJ
AG°=-nFE® = 1321 x 108 = — 12 x E° x 96500
E° = - 1.14 volt

D-1. Hz —» 2H*+ 2e-
0.1Mand B, =1atm

Eoxidation= 0 — @Iog (P, 2 =+0.0591 x 1 = 0.0591 volt
D-3. Cu?* +2e-—— Cu,
pH =14, [H*] =10 M [OH]=1M =[Cu?]x 12= 1x 10-19 = [Cu2*]=1x 101" M
E=0.34 - 0.0591 log L =0.34 —w x 19 =-0.2214 volt
2 107"° 2

D-4. (M—> M™@.02m) + ne) x 2
(2H*+2e~——> H2) xn
2M + 2nH* —— 2M"™ + nH:

0.0591, (0.02)? 0.0591

81=(0.76 + 0) — = 0.81-0.76) =
0.81=(0.76+0) =~ e ( )

log 4 x 10

__ 0.0591

= x log 4 x 104= — 0.591 (—4 + 0.6) = 2.
2x0.5

D-5. (a)Zn+2Ag*(aq) < Zn?* (aq) + 2Ag(s)
(b)E°=0.8—-(—0.76) =1.56V
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Electrochemistry
2+ +12
(c) 1.6 =156 - 0.059 log [2n 2] or 1.356 = log [Agz]
2 [Ag'] [Zn""]
2
or log 01" _ 1.356 or 0—21 =227
Zn?*] [Zn%*]
or [Zn%*] = 001 =44x10“M
227
+5 +4
D-6 N Og +2H*+e-—— NO, +H20; 0.79 volt
+5
NO; + 8H* + 6e-—— NH3OH* + 2H20;  0.731 volt
E=0.79- 0.0591 log ! 5> =0.731- 0.0591 log 5
1 H] 6 [H]
0.79 +2 x 0'02591 log [H*] =0.731 + 0'0:91 x 8 x log [H]
8 6
0.059=0.059(2—g)pH =pH= Z=1.5
D-7. E°zn 1 zn2+ = 0.76 volt E°cu/cu2+ =—0.34 volt
CuSO4 + Zn —— ZnSO4 + Cu.
( 2+\ ( 2+\\
0= (0.76 + 0.34) - 9059 |ogLZ”2 ) = g | n |= 3722
Cu-™ u-t
F-1. Cu?*+2e-——Cu
No. of Faraday required =2 F =2 x6.023 x 1022 =12.04 x 102
E
F-2 0.108 = x 0.5 % 193 E =108 g/eq.
96500
w E
E-3. i: ﬂ: @: n:w =1.92 n=2.
Wmetal EM % 0.2653
Fed 2.977 =3><1><60><60_ - n=4
106.4/n 96500
108
F-5. 108x80x5x104= ——— x2xt = t=193 sec
1x 96500
F-6. Ag'+e —— Ag 054 5 x 10-3 mol
108
2H20 + 26~ —— H2 + 20H-
ny, =2.5x 1073, Vi, =224 x 2.5 % 103 =56.0 mL
F-7. With Ni electrode, cathode reaction, Ni2* + 2e- —— Ni, Anode reaction, Ni—— Ni2* + 2e
No. Change in molarity of solution.
F-8. Cd#* + 2e——— Cd.
. 12x2
Cd required for 2g of Hg = 88 =0.2727 g.
{= 2 x 96500 x 2727 - 93.65 Sec.
1124 x5
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Electrochemistry “_

F-9. 2HSOs —— S2 Og* + 2e~ + 2H* i = Mi =71.48 Amp.
60x60x0.75
G-1. CH4+ 100H —— CO3% + 7H20 + 8¢~
No. of Faradays required = 80 x 3600 x 0.96
96500
Hence mol. of CH4 required = 1x 80 x 3600 x 0.9
8 96500
Ve, =+ x 80X 3600 x 096 )41 -5356x096=802L Ans.8
+ 8 96500
1 4 _ _
H-1. = x— =2.332x 10 mho cm™.
245 7
-3
Am = 2.33 18 , <1000 _ 23.32 mho cm? mol=2.
H-2.  Aeq=97.1 Scm?eq’, C=0.1N
A=15cm? |=0.5cm
1000 x (1 x £
Aeqzw = 97.1 _1000 1,05
C 0.1 R 15
.V 5
R=34.33Q = i=— =—— =0.1456 amp
R 3433
H-3. C=0.1N, K=1.12x 102 Scm-!, R =65Q
K= 1 x £ . cell constant = 1.12 x 102 x 65 = 0.728 cm™!
R A A
-1, A°m(NH4Cl) = 150 = A°m(NHa*) + A°m(CI)
A®on-=198, A° =76, Am(NH4OH) = 9.6, C =0.01
A°m(NH4OH) = 150 — 76 + 198 = 272
o= An(NH,OH) _ 9.6 _ 0.0353
A°, (NH,OH) 272
I-2. Am(NaA) = 83 S cm? mol- Am(NaCl) = 127 S cm? mol-’ Am(HCI) = 426S cm? mol-"
Am(HA) = 83 + 426 — 127 = 382 S cm? mol-".
7.36 7.36 )
I-3. o= —— Ka = Ca? =0.05 x (—] =1.77 x 105 mol/ lit
390.7 390.7
-6
4.  Kagoi = 2.28 x 106 Scm-", 138.3 = 1000 2'828 <10
S =1.65x 105 and Ksp = (S)?2 = 2.72 x 10710 M2
PART - I
A-1. In galvanic cell/electro chemical cell electrical energy is produced due to some chemical reaction.

A-2. Salt bridge complete the electrical circuit and minimises the liquid-liquid junction potential.

A-3.  Agar-Agar is a gelatin, it used in salt bridge along with KCI electrolyte.
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Electrochemistry

A-4.

B-1.

B-2.

B-3.

B-5.

B-6.

B-7.

C-1.

C-2.

C-3.

D-1.

D-2.

D-3.

Ecell = E°NisnNi2+ + EOAg+/A9
=0.25+0.80 = 1.05 Volt.

EO is intensive property and it does not depend on mass of F2 taking part.

Lowest S.R.P., highest reducing power.

0 - 0 -
EQ o )q, =0.34 E%. pe = —0.44 volt

So Cu can't displace Fe?*.
Cu can't displace AlI** ion from aluminium nitrate.
Lower S.R.P. containing ion can displace higher S.R.P. containing ion.

Lowest S.R.P., highest reducing power.

KCI can make precipitate with AQNOs, Pb(NOs)2 so can't be used along these electrolyte.

Fe®* + 3e-—— Fe, —0.036 volt
Fe — FeZ* + 2e- 0.44 volt
Fe3* + ee—— Fe?
+3x0.036f—2x044 xf =—1xE" xf
E"=0.772 Volt

Cu+ +e —— Cu, E" =x1 Volt

Cu?* + 2e-—— Cu, x2 Volt

Cu—— Cu* + e~— x1Volt

Cu**+e —— Cu*
—2%xxoxf+1xxyxf=—1xE°xf

E° = 2X2—X1

For spontaneous reaction in every condition
Ecen > 0, AG < 0 and Q (reaction quotient) < K (equilibrium constant).

0.0591 0.1

log E=1.10 Volt
0.1

E=11-

Hz(Pt) (1 atm) |[H;O" | | Ag*m) | Ag

.
1.0=(0+ 0.8)—0'—$6 log %

“006 9%
10

02 _ H]

=pH + log x
logx=-1.7
-55
10 =1.62 x 10
X

X=2x102M

Zn— Zn(za) +2e
2+ _
Z”(cz) +2e-——>2Zn

2+ @ — 2+
Zn(Cz) <~ Zn(C1)

\
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Electrochemistry
0.0591 . C,
E=0-———— log—
2 9¢,

D-4.

D-5.

D-6.

E-1.

E-2.

E-5.

F-3.

E - +ve When C1 < C2

Hz(p > 2H* + 2e-

1

2H* + 2e- —>H,
(py)

thp1) Xz(pz)

0.0591 | p;
2 P+

E=0-
P2 < P1for E —» +ve

Ho — 2H 2e-

* +
(1072M)
2H*(10-3m) + 260 —> H2
+ +
2H(10‘3M)—> 2H(10-2|\/|)

_ 00591 (10
2 102

E — — ve (Non spontaneaous).

E=0

0.0591 16 0.0591
- |Og —

2 4
If connected in reverse direction,E = 0.0178 volt.

E=0-

At anode Ag—— Ag" +e
At cathode Ag*+e —— Ag
So conc. of Ag* will remain same .

equivalence of Hz = equivalence of Oz
0.224 volume of O,

—  x2= x 4

224 22.4
0.112 litre = volume of Oa.

In presence of inert electrode, the cell reaction is -
Anode : H20 — 4H* + 4=+ O2
Cathode : {Cu**(aq)+ 26— Cu(s)} x 2
Net cell reaction 2Cu** aq. + 2H20 —— 4H* + 2Cu(s) + 02 T
Due to increases in [H*], pH decreases.
(B) is answer

8H* + 5~ + MnO4s—— Mn*2 + 4H.0
(1 mole)
5 mole e~ = 5 Faraday.

Mole of Fe deposited = %x 3 =1.5mole
Were=1.5%x56=84g.

63.5

= ——x2x60x60=237¢g
2 x 96500

x100.

% of efficiency = 2?;7

= 5 x2log 2 =-0.0591 x 0.301 =-0.0178 Volt.
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Electrochemistry
F-4. 2H>0 + 2e-—— H2 + 20H-
No. of Faraday passed = 9.65x1000 =01F
96500
Noy- formed = 0.1 mol
nNaOH = 0.1 mol= 4g.
F-5. According to Faraday’s second law
mass of A - mass of B - mass of C
equivalent mass of A equivalent mass of B equivalent mass of C
45 27 96
15/n, 27/n, ~ 48/n,
0.3n1=0.1n2=0.2n3=k
10
n1 = —
3
nz = 10k
nsz = 5k
n1:nz:ns—ﬂ:10:5=1: 1 1 =2:6:3
3 3 2
0.3:0.1:0.2
3:1:2
G-1. Discharging reaction
Pb(s) + PbOz(s) + 2H2SO4 —— 2PbS0O4 + 2H20.
G-2.  H2-0z2 fuel cell
Atanode: 20H-+Hz — 2H20 + 2e-
At cathode : 2 H20 + O2 + 46— 40H-
H-1.  For strong electrolyte
AS =AY - byJC
H-2.  Molar conductivity oc no. of ions per mole of electrolyte.
I-1. Ka = 25x107% Ao, = 19.6 Scm? eq, C = 0.01
—6
Ka = 0.01 x o2 = a= /w=5><10—2
10™
a=5x%x102= @ = Neq = 19'62 =392 Scm? eq-'.
Meq 5x10”
-6
12, 153 = 1000><3.06.><10
Normality
Normality =2 x 103 M
-3
Molarity = 2210 = 103 M
Ksp = 1075 M
7 2
I-3. Ka=Co?=0.1x ( ] =3.38 x 10°°
380.8
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Electrochemistry

I-4.

K=1.382 x 10%s cm™!

1000x1.382x107°

Aagci=61.9+76.3=138.2 = S

= S=10°M.

Ampaso, = (X1 + X2 X—2x3) = Neq.Baso, = o o

_ (X1 +X%y—2x3)

Neq.BasO, ~ T
PART - Il
> E
Ag"/Ag > E
> E
> E

A) E° SO E°el = —ve
B) E°
C)

D)

o]
Zn%** | Zn Mg?* /Mg

oan*/Zn SO ECen = +ve

SO E°en = 0 (at equilibrium)

EO o
Ag*/Ag Zn%* 1 Zn
E

(
(
(
(

SO E%eni = +ve

o o
Ag*/Ag Fe?" /Fe

0.059

_ (P, )eH' T3
ol =~ T 5 o

By, alH T
0.01x(0.1* _ 0.059 y
(0.1) x (1)? 2
(B) Cell reaction Ag*c (102) — Ag*a (1079)
0.059 10°° 0.059

Ecen = Ege"—T IOg1O_2 = Egell +

E%, * 0and not conc. cell

_0.059 [Cu], _  0.059 0.1
2 [Cu™], 2 0.01

— 0.259 og [Ck _ 0059 0.1_,

[cri, 2 0.1
And E2, =0.

(A) E

o __ 0059

= 3 =+ve
cell 2

x7>0

(C) E

log

=—-Vve

(D) E

_ "eq.BaSO,

EXERCISE # 2

PART - |

= 0
As EQp —> Cu=0337V > E)

. Cu?* can be reduced by Ho.

Lower standard reduction potential related metal ions can displace higher standard reduction potential

related metal ions.

(C) M is more reactive than carbon and B is more reaitive than A. Also both B and A are less reactive

than C.

Only anode or cathode can't work alone so absolute value of reduction potential can't be determined.

\
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Electrochemistry
5. E1=E°- u In2
n F
Bz R 2T hy=po
E2 > Eq

10.

11.

12.

13.

14.

15.

Ecen = 0.059 Iog &
C,

For Ecen to be +ve and maximum

&<1 or Ci1<C2
C,

‘. C1 should be the minimum conc. of H*.

Give C2=1M.

. (B) is the right answer.

0-0.059 /10‘5

Ecell = 1 |Og 10_3 =0.059V

= =209 0g 1y
or pHi= E1/0.059 =pKa +log %

pH2= E2/0.059 =pKa+log Y

X

E,+E, = 2 pKe or _ B+E

0.059 0.118
Ecen =(0.77 —0.0713) — 0.059 log 0.02__ 0.713 volt.

1 0.1x0.34

Impure Cu will oxidise from anode along with Zn but only Cu?* will reduce on cathode in purification of
Cu?*,
At Cathode: 2H20 + 2e-——> H2+20H- ]1x2
At Anode : 2H20 — O2 + 4H* + 4e-
Hz =2 mole
O2=1mole Total volume =3 x 224 =67.2L.
1000 x2 _ 27 x24 x3600 x n or 1= 0.951=95.1%
(55+32) 96500
9.72 x2= 235 x4+ x 2 or W=4347¢g
224 224 194

After removing cathode no net charge will flow but ions move randomly.

Rusting reaction of Fe is -

2H* + Fe + %Oz—) Fe2* + H20

\
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Electrochemistry “_

PART - I

1. (A) HaXeOs has more SRP, so better oxidizing agent then F2
(B) O3 has more SRP, so will oxidize Cl2

(o]
(©) ECIO;/CIO; is more in acidic medium than in basic medium

(o]
(D) Ejreiony, - IFe(cny - = 0.36 V
Hence [Fe(CN)s]* can be easily oxidized by CIO ", Ce** Br.O- but not by Li*
0 .
(E) Edo-rcr(orr) is more than Ego- /5~ and E
(F) Ce** can'’t oxidize Cl2 in acidic medium.

(o]
Clo; /CIO5(OH™) SO true.

2. Hz —— 2H* + 2e~
1 atm 10-10
2
10—10
c, .y ~0- 005 og | [ . &, —w05v
3. Cu?* + 4NH3 —— [Cu(NHz3)a]>*
1 a 0
0 2 1
_ [Cu(NHq),J**
[Cu®*] [NH,]*
or 1x10%12= m or [Cuz*]=6.25 x 104,
u
0.059 [Zn%*] 0.059 1
Now, Ecei=E%, — lo =11 - lo =0.71 V.
STEC T 09 e 2 9 525x10"
4 A = K x1000
M
000 = Kx1000
0.04
K: M:8X10—3scm—1_
1000
£ 1
K = [_] X —
9) "R
8| 1
8x103 = 4 xE
2
= 3 = lX 103 Q
8x10 4
Again =V =IR
10
So |=X=(1X103] = 4 x 102A.
R
5. Ksol =KBaZ+ + KAg+ + KNOg
o (o] (o]
53 = }\'Baz*x[Baz*] +7“Ag+x[Ag+] + }\'Nogx[NOg]
' 1073 1073 1073
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Electrochemistry

13x1072 x0.1
= +

53
1073

6x10°x02 Moy X 04
1073 1073

. Myos) =7 x 103 x 1000 Sm2mol-! = 7 Sm? mol-!

6. o= w =01
390.7
HA+ag —~H* + A-
<
Ca Ca
Ca-Ca

[H*| = Co. = 0.01 x 0.01 = 104

pH =—log [H*] = 4

1000 % (kso — KH,0)

7. A0 = S
1000 % (3.4 -2.02)x107°
138 = S
S=1x10"5

9

o o

Mm(Ba(oH),) T 2 Mmitc) ~ Mm(gact,)

8. A, (H20) =

2

=55%x102S m2mol".

Now, in Sl units,

o -3
7\4m= K><1O
M

Kx1073

*n 420) = 5 Sl diss

55x10°x1073
5x102=
5:5>10 H,0]diss
[H20] diss = [H*] = [OH] = 10— M
For equilibrium : HoO =—— H* + OH-

107 x1077
H*||[OH"| _  (1000)
Dissociation constant K = - (1000
H,O 18
=1.8x10-1
Reported answer =18
9. H;O" has highest A}, among cations. A doubly charged cation has higher A}, than unipositive cation.
PART - 1lI
1. Lower S.R.P. containing ion can displace higher S.R.P. containing ion.
2. AGO = — NFE g
If E%en = +ve then AG® = —ve and reaction is spontaneous.
4, (A) Anode 2H20 —> O2 + 4H* + 4e
(B) Anode 2H20 — O2 + 4H* + 4e-
(C) Anode Cu——Cu? + 2e-
(D) Anode 2H20 — O2 + 4H* + 4e-
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Electrochemistry

5.

11.

13.

At Cathode:  Cu?* + 2e-—— Cu(s)

At Anode : Cu (s)— Cu?* + 2e-
Increase in mass of cathode = decrease in mass of Anode = 2.68 x 3600 x 635 . 3.174 g.
96500 2
Ag Cu Au
equivalent 1 o1 1
ratio
Mole ratio 1 l : l
1 2 3
6 3 2.
Fe?* + 2e-—— Fe [in FeSO4] ; Fe3* + 3e——— Fe [in Fez2 (S04)3]
Fe®* + 3e-—— Fe [in Fe (NO3)3]
Amount of Fe deposited in FeSO4 = Q x 6
96500 2
N Q 56
Amount of Fe deposited in Fe2(SO4)3 = X —
96500 3

Anode : Pb(s)

Cathode : PbOx(s)

H2S04(conc.) about 38% solution of H2SO4 is taken.
Anode : Pb(s) — Pb?* (aq) + 2e-

Pb?*(aq) + SO3~ (aq) —> PbSOa(s)
Pb(s) + SO; (aq) — PbSO4 + 2e-
most of the PbSOu(s) ppt sticks to the lead rod.
Cathode : 2e~ + 4H* + PbO2(s) — Pb?*(aq) + 2H20(¢)
Pb2*(aq) + SO?{ (aq) +4H* + 2e-—— PbS0u4(s) + 2H20(¥¢)
PbSOa4(s) sticks to cathode rod.
Over all reaction : Pb(s) + PbOz (s) + 2H2S04 (aq) —— 2PbS0u4(s) + 2H20(¢), Ecen=2.05 V

Resistance of cell is not due to vibrations of ion but actually it is due to collisons of ions.

KoC

Hence «;=ax0.1

K, =ax 0.01
K5 =ax0.005
k4 =ax0.0025
=
cell constant
So, G1:ax10'1 =01a G, =229 _ 40014
G, = 2%0005_ 44014, GF%:O.OOM a
Hence G1> G2 =.G2 > G4
Ko _ M
Vf

Vs for cation/anion — charge; Vf for salt = total cationic/anionic charge
}\'m (A|3+) +3 }\'m (80421_)

o

Also, M (Al(SOu)s) = 2

o

& Fea (Al2(S0a4)3) = )C;q (AIB+) + l;q (Soi—)

\
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Electrochemistry “_

14. Li* Na* K* Rb* Cs*
degree of Hydration decreases
Size of ions decreases
ionic mobility increases

H{.q) has smallest size therefore show maximum mobility.

PART - IV
1. From given latimer diagrams.Clz — CI- is independent of H* cocentration.
2. AGO = AG1? + AG2°, using this E® = L;m V=0.89V
’Basic medium
AG®
3. F Acidic medium
o123 4
Oxidation number
(o}
4 As AS is low, stability is higher.
AG° . b .
5. As = is low, stability is higher so, + 2 and 0 state is more stable than +1.
6. AC = 22—b C
when Ci1=4x104 1S =107
and when C2=9 x 10~ Am =97
so 107 =1, —bx2x1072 .. (1)
97 =X, —bx3x1072 .. (2)
b =1000
Am= A% —b4C = A2 = Am+byC =107 +103x 2 x 102

A = 127 ohm~' cm? mole~'!

7. For 25 x 10~* (M) NaCl solution
Am= 12 —byC = Am =127 = 103 (25 x 10-4)72
Am =127 —103x 5 x 102 = Am=T77
But Am= X 1000 K=(£J x L
M a R
A= (L) x 1 1000
a R M
1000

Am = [Cell constant] x ————
R x M

1000
1000 x 25 x 107*
Cell constant =77 x 25 x 104 = 0.1925 cm™"
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Electrochemistry “_

8.

For Na2SOa4 solution
(/f 1 0.1925
K= _J X —=
a R 400
=K x 1000 _ 4.81 x 10™* x1000

M S x 1073
2

Am (Na2S04) = 192.4 ohm=" cm? mole~!

=4.81 x 10 ohm~' cm™"

Am

At the equivalence point the concentrations will be [Br-] = 100 mol/m3, [Na*] = 100 mol/m3

Therefore «iotal = Kg-+ Kyar = 1.2Sm"'=12 x 101 Sm".

EXERCISE # 3

PART - |

MnOs- ion can oxidise both Fe?* to Fe®* as well as CI- to Cl. So Fe(NOz)2 cannot be estimated
quantitatively with MnO4~ ion in HCI.
E°cen for the cell Pt, Cl2(g) (1 atm) | CI- (aq) | | MnO4~ (aq) | Mn?* (aq). is euqal to (1.51 —1.4) =0.11 V.

2+
E+003=Eo— 20854201
2 05

0.06 [Zn?*]
E=E°- | .
2 97 ¢

C=0.05M.

Zn | Zn2* (0.01 M) | | Fe?* (0.001 M) | Fe, E = 0.2905.
cell reaction, Zn + Fe?* =<=— Zn2?* + Fe.
0.2905 = E° — 0.0591 log 0.01 .

2 0.001

E° =0.32 Volt.
At equilibrium, Ecen = 0.

0=032— 0.0591

Keq = 100.32/0.0295

|Og Keq

In* —— In3* + 2e-, 0.42 volt.
In2* + e —— In™, — 0.4 volt.

In2* —— In3* + e~

E° = 0.44 volt.
E°en = 0.15 + 0.44 = 0.59 volt.

0=0.59—@Iog K. = K =101

Fe — Fe?* + 2e-, 0.44 V.
2H* +% O2 + 2e-—— H20, 1.23 V.

Fe + 2H* + %Oz—) Fe?* + H20, E°=0.44 + 1.23 = 1.67 volt.
AG® = -2 x1.67 x 96500 = — 322.3 kJ.

\
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Electrochemistry “_

6. 2Ag* + CeH1206 + Ho—— 2Ag(s) + CeH1207 + 2H*, E°=0.8-0.05=0.75 volt.
0=0.75- @Iog K.
In K=2.303 x log K = 2.303 x 25.34 = 58.38.

7. [H*]=10" M.
Eoxide = — 0.05 — 0.0591 log(10-11)? =-0.05+0.65

or, AH = 0.65 volt.

8. Standards electrode potential does not depend upon on concentration.
9. AgBr (s) =—Ag* + Br-
(S+107)x S=Ksp =12 x 1074,
S=3x10"M.
[Ag']=4x 107" M ; Br1=3x107"M ; [NO37] = 107 M.

Ktotal = A%ag+) A°ag+)+ A%r A8 + A°nN03-) A°(NO3-)

A%ci = A%+ + A .
Kkci=4x104x6x103+3x10%x8x103+1x10%x7 x 103,
Kkci =24 +24 + 7. = Kker = 55 Scm™.

10. Mol of NaCl =4 x 0.5 =2 mol.

No. of mole of Cl2 evolved = % x mol of NaCl = % x 2 =1 mol.

11. Taking the 1 : 1 molar combination of Na—Hg amalgam.
weight =2 x 23 + 2 x 200 = 446 g.

12. 2Na* + 2e-—— 2Na.
No. of Faraday required = 2.
total charge = 2 x 96500 = 193000 coulomb.

13. Clo + 2I-—— 1> + 2CI-.
E°=1.36 + (— 0.54) = 0.82 V (+ ve). Spontaneous.

14. Mn3* + e~ —— Mn?*, 1.50 volt.
2H20 — O2 + 4H* + 4e-, 1.23 volt.
4Mn3* + 2H20 — 4Mn?* + O2 + 4H", Ecen = 1.5 - 1.23 = 0.27 volt. (+ ve).
Mn3* will oxidise H,O0.
15. Faraday law equivalents of Hz produced = L(sec)
96500
-3
0.01x2= 19010 xt _g6500x2=1
96500

19.3x 10 sec =t

16. The species having less reduction potential with respect to NO3~ (E° = 0.96 V) will be oxidised by NO3~.
These species are V, Fe, Hg.

17. M (s) | M* (aq, 0.05 M) || M* (aq, 1 M) | M(s)
Anode : M (s)—> M* (aq) + e-
Cathode : M* (aq) + e=——> M (s)

M* (aq) |e = M* (aq) |a
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0.0591 o M*"(aq) |,
1 M*(aq) .
0.0591 {0.05}

Ecel = E°cell -

=0
1

=+ ve =70 mV and hence AG = — nFEcen = — ve.

18 E _-00591 [0.0025] _ 0.0591,  [0.05
. cell 1 g y 1 g _20

=70 mV + wlog 20 = 140 mV.

Typical titration curves

19. — —— HCI - NaOH
—=— AgNO, - KCl
—— AcOH - NH,OH
I I I I I 1 I 1 1
0 1 2 3 4 5 6 7 8 9 10
V (ml)
2+12
20. E-po_ 0.059 | [F+e4 ]
4 [H']"Po,
-3y2
=1.67 _0.06 log (1304 ) =1.67 _003 log107
4 (10™°)* x 0.1 2
=1.67 - 0'23 x7=1.67-0.105=1.565=1.57 V.
21, M|M?** (aq) || M** (aq) | M
0.001 M
Anode : M —— M2* (aq) + 2e-
Cathode : M2+ (aq) + 2e-—— M

M2+ (GQ)C — M2+ (aCI)a

2+
Ecen =0 — 0.059 |Og{M (aq)a}

2 1073
2+
0.059 = ~0.059 log M (aq),
2 1073

M** (aq),
—2=1lo — \"1/a
g{ 107

1072 x 103 = M?* (aq)a = solubility = s
Kep = 453 = 4 x (10-5)3= 4 x 1015

22. AG = — nFEcen = — 2 x 96500 x 0.059 x 10-3 kd/mole
=—11.4 kd/mole.
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23.

24,

25.

X Y
(P) (CoH5)3N + CH3COOH—— CH3COO- (aq) + (C2Hs)sNH* (aq)
As CH3COOH is a weak acid, its conductivity is already less. On addition of weak base, acid-base
reaction takes place and new ions are created. So conductivity increases.
(Q) KI (0.1 M) + AgNOs3 (0.01 M) — AgI {4 (ppt) + KNOs (aq).
As the only reaction taking place is precipitation of Agl and in place of Ag*, K* is coming in the solution,
conductivity remain nearly constant and then increases.
(R) CHsCOOH + KOH —— CH3COOK (aq) + H20
OH- (aq) is getting replaced by CH3COO-, which has poorer conductivity. So conductivity dereases and
then after the end point, due to common ion effect, no further creation of ions take place. So,
conductivity remain nearly same.
(S) NaOH + HI— Nal (aq) + H20
As H* is getting replaced by Na* conductivity dereases and after end point, due to OH-, it increases.
So answer of 39 is : (P) —(3); (Q) — (4) ; (R) = (2); (S) — (1). Answer is (D).

(P) E°Fes+, Fe

Fes+ +0.77V Fez+ —-0.44V Fe
| n=1 i n=2 i T
xV n=3
= 1x0.77+2x(—0.44)=3 xx
= X=- %V~—0.04V.
(Q) 4H2,0 =—— 4H* + 40H-
2H20 ——> O2 + 4H* + 4e- -1.23V
+ O2+2H20+4e- ——> 40H+04V
4H20 =—— 4H* + 40H- -0.83V
(R) EO(Cu2++Cua20u+)Cu2‘ XV S Cu’ —0_f2v> cu
n=1 n=1

+0.34V, n=2
xx1+0.52 x1=0.34x%x2

x=0.16 V.
= Cu*+e —— Cu* 0.16 V
+ Cu—— Cu*+e -0.52V
Cuz*+Cu —2Cu* -0.36V

However, in the given option, — 0.18 V is printed.

(s) E°cra+, cro+) + —0.91V

crr—X s crr —5Cr
L "
~0.74V, n=3
Xxx1+2x(-—0091) =3 x (-0.74)
X —1.82=-222 - x=—04V

Hence, most appropriate is (D).

(P)-(3): (Q-4);(R)-(1);(S) -2

Salt bridge is introduced to keep the solutions of two electrodes separate, such that the ions in
electrode do not mix freely with each other. But it cannot stop the process of diffusion.

It does not participate in the chemical reaction. However, it is not necessary for occurence of cell
reaction, as we know that designs like lead accumulator, there was no salt bridge, but still reactions
takes place.

\
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26. m* —— m3* + 2e-
AGO? = —nFE?° For 1 mole of m*
AGY = -2 x 96500 x (—0.25) J
=+ 48250 J/mole = 48.25 KJ/mole
Energy released by conversion of 1 mole of

X —Yy AG =-193 KJ

Hence mole of m* convert
193 :

48.25

27. AN

= A FAh = A
= )\‘HX ~ )\,OHY (1)
Also ;mo =q, So Am(HX) = Ao o and  Am(HY)=1, a2

(Where a1 and a2 are degrees of dissociation of HX
Now, Given that
Am (HY) = 10 Am (HX).

= A 02=10 XA, o
oz =10 an (2)
Co?
Ka = 1 , but a<<1, therefore Ka= Ca?.
-

_ Ka(HX) _ 001af _0.01 x(i)z _ 1
KiHY) ~ 0162 04 ~\10/ 1000

and HY respectively.)

= log (Ka (HX)) —log (Ka (HY)) = -3. = pKa (HX) — pKa (HY) = 3.

2+ +12
_ o 0059, [MTIHT
28. Ecel = E°cell _Tlogm [M4+]pH2

0.092 = 0.151 = 9:059 15440 10
2

LX=2
29. C =0.0015M /=120 cm
G=5x107s a=1cm?
G=Kx i
¢
5x107 = xx
120

k=6 x10%scm’
K x1000 _ 6x107° x1000

AS =
M 0.0015
pH=4
[H*] =10%=c a=0.0015 o
_ 107
a_
0.0015
» 6x107° x1000
. ©x10 = x1000
q=Am 107 _  0.0015
AL 0.0015 A2

Ap, =6 % 102s cm2 mole™
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Electrochemistry

30.

31.

32.

AG = AG® + 2.303 RT log1Q ; Q=

[Zn*"]
[Cu™]

= —2F(1.1) + 2.303 RT log1010

=2303RT-22F

Mg —— Mg?" +2¢e”

Cuz*+2e- —— Cu

Mg + Cu?* Mg —— Mg?* + Cu

RT «
1

E=267=27- —/¢
nF

0.03 = 300

2.3 =/nx
X=10

= — /nX
2x11500

A(s)|A™ (aq, 2M) || B> (aq, 1M) | B(s)

Reactions

Anode (A——> A™ +ne) x 2
Cathode B2 + 2ne — B

Overall reaction :

2A(s) + B2 —5 2AM + B,

RT

E=E°- —/
2nF
2
_po_ RT, TA™¥
2nF [BLIH-]
= RT,
2nF

Now AG°=-2nFE°= _znﬂé =-RT/n4.
2nF
AG® = AH® —TAS°® = 2AG° = —TAS®
TAS® = AG°
o -
ase= 2GR - Ring
T T

=-8.3x%x2x0.7=-11.62 JK'mol"

PART - Il

Electrons flow from anode to cathode always.

MnQOj + 8H* + 56— Mn?* + 4H20

E=151-

0.059 Mn?*]
lo

5 [MnOZ JH"I?
Taking Mn?* and MnOj in standard state i.e. 1 M,

E=151-299
5

x 8 log

1 _ 0.059
5

——=1.51 x 8 x 3=12268V
[H']

Hence at this pH, MnOj will oxidise only Br- and I~ as SRP of Cl2/CI- is 1.36 V which is greater than

that forMnO, /Mn2*.

\
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Electrochemistry

7.

10.

11.

12.

13.

14.

/\

If a block of copper metal is dropped into a beaker containing solution of 1 M ZnSQO4, no reaction will

(o)
occur because E 2,7, =-0.76 V

Eguw /ey = +0.34 V
Hence Cu can’t displace Zn from ZnSO4 solution.

Fact

Fe?* +2e- — > Fe+ E}

=-047V

Fe3*+e- — > Fe?* + E; =+0.77V

Fe®* +3e- — > Fe+ EJ
o NES+nES _ 2x(-0.47)+1x(0.77)

3= =-0.057V
n; +n, 2+1
E‘T’/j , =+0.34V
= E;’v , =+0.55V
Therefore T/* more stable
Elc\)/lnz*/Mn3* = 157V , EaJr/HZ = OV

Mn2* cannot reduce H* to Hz

Cell reaction :

M) + 3Ag* (aq) —— M3* (aq) + 3Ag(s)

Applying Nernst equation :

Eeor = E° 0.059

cell —

0.421=(0.8x E

Cathode

M3 /M -

log10 Q

0.059 0.001
log1o 3
(0.01)

2e~ + 2H20 — Hz + 20H- (v, =2

ixt
v.f.x 96500
112 ix965
22400 2% 96500

!
2
mp

OH
CsHsNO2 —— @

NH;

mole =

—_

2

-
Q

4~ + 4H* + CeHsNO2 — CgH, (OH)(NH,) + H20

MW. = 109 g

\
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Electrochemistry
(v.f)=4 W=2Zlt= S xIxt (E:Mj
F 4
W = 109x9.65x60 %60
4% 96500
W=981g
15. PbSO,(s)+2e~ — Pb(s)+S02"

16.

17.

18.

19.

20.

21.

22.

23.

24,

For 2F current passed, PbSO4 electrolyzed = 303g/mol

For 0.05F; PbSOs electrolyzed = w =7.6g
AG°® = —RTInK

—2 x 96000 x 2 = -8 x 300 x InK

or, InK =160

or, K = e'60

Higher the SOP, higher will be reducing power.

A %Hz(g)—>H+(aq.)+e— E°=0.0V
C:AgCl(s) +e-— Ag(s)+ClI- E°=xV
Ecell = E°cenl — 0.0591 log {[H*] [CI]}

0.92=x- g log (10-12)

0.92=x+0.72
x=0.92-0.72=0.2 Volts

Fact

Ecel = EZn(s)|Zn+2 + EAu?’*/Au

= SOPanode + SRPcathode
=0.76 V+1.40V =2.16V

o 0.0:91 0g Ko = 00591

log(1x10')=0.4728 V

AH = — nFEcan + nFTE
dT

= -2 x 96000 x 2 + 2 x 96000 x 300 x (-5 x 10-%)
= — 384000 — 28,800 = — 412.8 kJ/mol

A%m(HA) = A°m(HCI) + A°m(NaA) — A°(NaCl)
=425.9 + 100.5 — 126.4 = 400

. Kx1000 5x107°x10°

m = = =
M 1072

50

o=—"7=0.125
400

A 50

Strongest oxidizing agent has highest value of SRP

\
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25. Fe?* — Fe AG] = —2Fy
Fe3* —» Fe AG; = —3Fz
.. Fe3* - Fe?* E°=3z-2y
o _EO0 0
E cell = EAQWAQ - EFeS+|FeZ+

=Xx—[8z-2y)=x+2y-3z
For given cell reaction
Ecat =X+ 2y -3z

26. AG°® = —nFEg, =—2 % 96000 x 2.0 x 10-* = -384 kJ/mol

27. Ni(NOs)2 — Ni?* + 2NO3~
at cathode:
Niz* + 2e~ — Ni
2F — 1mole

0.1
0.1F > 7= 0.05 mole

28. Conductivity decreases on decreasing concentration of electrolyte.
Molar conductivity increases on decreasing concentration of electrolyte.

AM sm
NaCl

29.
Jc
0 0
(}‘M)w > (XM)N3+
Na* is more hydrated with respect to K* therefore KCI electrolyte have higher Am with respect to NaCl.
30. The metal ion with higher SRP value will have higher oxidising power.

31. Since acidic strength follows order HCOOH > C¢HsCOOH > CH3COOH

EO
32. Cu2+—>1 Cu+—>0'522 Cu
| 0.34 |

2x0.34=E; +1x0.522
E; =0.68-0.522 = E; =0.158V

33. Theory based.

34. From the given data

Eop = Eoop - Oc4)-—59 |Og [H+]4

Eop=—1.23 — log [H*]*

—1.23 + 0.0591 x pH =-1.23 + 0.0591 x 5
-1.23+0.2955=-0.9345V =-0.93V
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35.

At Equilibrium state. Ecen = 0 ; E%en = 0.01V

Sn + Pb?* —» Sn2* + Pb

_ s 006 [Sn*']
0=0.01 log {[sz*]}

2
0.06, |[Sn®]

01=——|

0.01 5 09{[Pb2+]}

2+ 2+
% - |09{M} = IS0 1 _4o1s = 21544

[Pb2+] [Pb2+]

36. (n g )deposn =108 -1 mole
Ag"+e- ——Ag
1F charge is required to deposit 1 mole of Ag
HZO—>%O2 +2H" +2e”
2F charge deposit —>%mole
1F charge will deposit ——>%mole
v, -
_ 1>< 0.08314x273
4 1
Vo, =9.674 L
37. Theory based.
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