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Electrolysis: The phenomenon in which passage of
current through an electrolytic cell containing molten or
aqueous solution brings in chemical changes involving
electronation (reduction) as well as de-electronation
(oxidation) of ions or atoms is known as electrolysis.

The products formed during electrolysis depend upon:

(1) Nature of electrolyte See Examples I to ITI

(2) Conc. of electrolyte ~ See Examples II (A and B)

(3) Charge density flown during electrolysis

See Examples VIII (A and B)
(4) Nature of electrodes used-attacked or non attacked
electrode. See Examples I to VII and IX

Anode is the electrode at which oxidation occurs.
Cathode is the electrode at which reduction occurs.

Examples:

Casel. Electrolysis of molten NaCl using Pt electrodes:
At anode: e, g - %cb +e

Atcathode: Na*+e—— Na

Thus, Cl, and Na are formed at anode and cathode
respectively due to discharge of Cl~ and Na® at opposite
electrodes.

CaseIl. Electrolysis of aq. NaCl using Pt electrodes:

A. Conc.NaCl(ag.) NaCl—> Na® +CI”

2H,0+=—=H;0" +OH"

cr— %Clz te

H,0" +&” —> H20+%H2

It is found experimentally that if a mixture of ions is
electrolysed, certain ion gets discharged at an electrode in
Preference of other on the basis of preferential discharge
th°°'y The more is the discharge potential (D.P.) of ion, lesser
18 1ts tendency to get discharged.

At anode;

At cathode:

= Electrolysis and ™
sctrochemical Cells -

Discharge potential of CI~ < Discharge potential of OH™

Discharge potential of H;O" <:Discharge potential of
Na*

B. Dilute NaCl(aq.) )

In case of very dilute solution of NaCl (ag.) following
charges are noticed.

At anode: 20H" — H20+%02 +2e

At cathode: 2H,0" +2¢ — 2H,0+H,

Case III. Electrolysis of NaCl(ag.) using Hg as
cathode:

At anode : 2CI" —> Cl, +2e

At cathode: 2Na* +2¢—— 2Na

2Na +2Hg — 2Na — Hg (amalgam)
2Na — Hg +2H;0 — 2NaOH + H, +2Hg
The discharge potential of Na* <D.P. of H;0" at Hg
cathode.

CaseIV. Electrolysis of HCl(agq.) using Pt electrodes:
At anode: 2CI" —> Cl, +2e

At cathode: 2H;0" +2¢ — 2H,0 + H,

Case V. Electrolysis of NaNOj3(aq.) or Na,SO, (aq.)
using Pt electrodes:

For NaNO;(aq.)
At anode:
20— H20+—é01 +2e [20H — H,0 + %oz +2e

For Na,SO, (ag.)

At cathode:

2H,0" +2¢ — 2H,0 + H, |2H;0" + 2e — 2H,0 + H,
D.P. of NO3 >D.P.of OH" |D.P.of SO;™ >D.P.of OH"

D.P.of Na* > D.P. of H,0"
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‘ Case V1. Electrolysis of CuSO, (aq.) or AgNO;(aq.)
using Pt electrodes:
For CuSO, (ag.)
At anode: |
20H" — H,0+ 10, + 2¢ 200 — H,0+10, 42

. For AgNO, (aq.)

At cathode: 1

Cu" +2e—— Cu iAg‘«l-e—)Ag

D.P. of Cu** >D.P.of H,0" !D.P.of Ag' >D.P.of H,0"

Case VII: Electrolysis of RCOONa(aq.) using Pt
electrodes:

At anode: 2RCOO™ — R — R +2C0; +2e

Atcathode: 2H,0" +2e— 2H,0+H,

D.P.of RCOO™ <D.P.of OH™
Case VIII:  Electrolysis of H,SO, using Pt electrodes:
Part A. Normal current density:
H,SOy — 2H"™ +S03™ and 2H,O == H,0" +OH"

At anode: 20H" — H,0+ %oz +2e

At cathode: 2H" or 2H;0" +2e—— 2H,0+H,
H* in solution exists as H;0"

Part B. High current density: Electrolysis of 50%
H,SO, using high current density gives:

At anode: 2HSO; — H,S,05 +2e

At cathode: 2H* +2¢e— H;

The distillation of H,S,05 with water yields H,0,

H,S,03 + H,O0 — H,80, + H,SO;¢
HzSOs +H,0—> sto‘ * HzOz

Note : All these examples were of non attacked electrodes.

CaseIX: Attacked electrodes: The electrodes which
themselves take part (dissolution or deposition occurs) in
electronation or de-electronation, e.g., electrolysis of
CuSOy (ag.) using Cu electrodes.

At cathode: Cu® +2e— Cu
At anode: Three reactions are possible
Cu —> Cu®* +2e E°=-034V
SO —> S0, +2e E°=-20V
20H" ——>H20+%Oz +2¢  E°=-12V

It is clear that discharge potential of Cu®* to get oxidized
is lowest and thus Cu anode dissolves in preference to other

rOoCess. .
P Thus in case of attacked electrodes:

(1) Metal dissolves at anode, i.e., oxidation.

(2) Metal ions are rvduced at cathode.

(3) No change in concentration of solution during
electrolysis.

Numerical Chemistry

Note : 1. The ph.aomenon of electrolysis occurs only at the
electrodes. Oxidation occurs at anode: reduction occurs
at cathode.

2. Corrosion of metals is electrochemical phenomenon. It
is defined as the process of slow oxidation of metals,
e.g., rusting of iron, tamishing of silver, green deposits
on copper.

3. Rusting of iron is favoured by H" (i.e.. water vapours in
atmosphere), CO, and O,.

4. Purest form of metal is not corroded. Strained articles
of metals are easily corroded.

5. Rust is Fe,0; - .YH,O.

Faraday’s laws of Electrolysis
Ilaw: The mass, w of an ion oxidized or reduced at
either electrodes during the passage of current (ie.
electrolysis) is directly proportional to the quantity of charge
passed through electrolyte, i.e.,
we O
< it
w=Zit (1)
is total charge passed through electrolyte
is current strength in amperes
is time in seconds for which current flows
is electrochemical equivalent, a characteristic
constant for the given metal defined as the mass of
ion oxidized or reduced by the passage of one
coulomb charge. The unit of Z=kg C™".
Note: 1. One Faraday of charge = charge on one mole electron
= charge which discharges one g equivalent of ion
=1.602x 107" x 6.023x 102
= charge which deposits or discharges £ g where,
E is eq. mass
=965148C
= 96500 C
Thus, 96500 C discharge E g of ion
lCdischargeﬁg ion=2Z
= ByEq.(1) w=Eit 7))
2. Also,

96500
F=Nxe -.(3)
where, F is charge in Faraday, N is Avogadro's
number, e is charge on one electron,

3. Equivalentofan ion discharged, (!)_ it @

N~

E) 96500

I'law: The passage of same charge through different
electrolytes, brings in equal equivalents of ions to be oxidized
or reduced at either electrodes as the case may be

A '2-, =constant
or we E *i5)
or wa_ws _we )
E, Ez E.
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Chemical cells: (1) A class of cell in which chemical
eacrey is converted into electncal energy.
(1) The change in free energy = Electrical work done
—AG=nFE AN
AG =(G svawes — G rencuens ) for a redox change
Nemnst equation for electrode potential
AT— 4" +ne

s
Ege = Eor—R—n;he =

2 reduced state
= _RT
and Egp =Egp +——
e =By + — ®
Also E& =—E" --UD)
ad  Ege =—Epr -~

‘_’hue_Ea..undE”acoxichionpotmﬂalmdmdmﬁon
Epp and E - are standard O.P. and standard R P. defined
s cqual 0 Egr and Ep respectively when, 205 =1
RS.
R s molar gas constant =8314 JK ' mol™ (MKS
system, since E in volt)
T is iemperamre in Kelvin

n s po. of electrons lost or gained during oudauonor
reduction in redox change

F 1s one Faraday, Le.. 96500 C
ag s = active mass of oxidized state in solution
ags =active mass of reduced siate in solution
Since a = fewhere, fis activity coefficient
Fadﬂmsohmom f=1

a = concentration in molarity
Ths,Eq(S)mvbevmnmas[ ]

g, R T (12
. .._303RT‘0° [05] (13
Eor =Eor —— [R5
Numimlva]mofz—————m;RT =0.058at288K
=0.059at298K
=0.060 at 308 K
Le., no significant change with temperature.
By Eq. (13)
£ gt 0L [0S] (14
op =Eop ) 101R.S.]
- 0.059 [0.5.1] .(15)

E” -E‘p +—_—" 10 [R.S

Formation of equation for different electrodes
Case L Mluvl (q.)‘ ie., M#M + ne

[ ]
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0.059 (M)
Eaqp =Egp ————logo “l A'-'.I
S n
or Eop =Eop — 9 log\o [M ']

[+. Minsolid state= unity]

and  Exp=Epp + 222 l0gy (M)
Casell. Py |H' (aq.),

P
ie. Hy==2H"+2e or %H3==-=-‘H'+e

For gascous phase concentration is reported as pressure,
ie., [H_\ ] as P“:

. H')?
Eop =Eop - -,59 logo [ ) (16)
. 0.059 (H']
T Epp =Epp ——— 0810 —— 75 ..(17)
[ op = Lor 1 g10 (PH,)”'

Note : Egs. (16) and (17) are same and thus it is evident that
stoichiometry of change in half cell emf has no effect

on Nemst expression.

Similarly, Egp =Egp + 0. 259 logo [l:, L
Caselll. Ptq,|Cl” (ag.) ie, 2CI” -=‘CI: +2e
Eop =Egp — 0‘259 logyo [FPlC_l—]—z -(18)
Similarly, Egp = Egp + 295 10g o 1 C2 (19
2 -y
Formulation of equation for emf of cell
A model question: Given that
A— 4™ +2e E°=4076 V
B—— B* +2e E°=+044V

Find out

(a) Anode of cell

(b) Cathode of cell

(¢) Reaction at anode

(d) Reaction at cathode

(e) Redox change

(f) No. of electrons used for redox change

(@) Direction of flow of electron

(h) Direction of flow of current

) Ecar

() Ecen

(k) Design of cell.

Solution (1) First decide the nature of £~ values given, i.e.,
whether they are Ep or Egp by noting.
(a) Given directly, i.e., mentioned as Eqp or E ib

or



(®)

()

3

(O

(5)

6)

See the change,

(i) If oxidation reaction is mentioned, then
Eop i.e., EA/AZ' then Eép

(i) If reduction reaction is mentioned, then
ER.P i.e., EAZ’IA then E;p

Write Egp and Egp of both

Eop 414 =+0.76 then E;PAI*/A =-0.76

Eop prgre =+044 E;pnzo,a =-0.44

Write the process for oxidation at the electrode
having more or +ve value of Epp and reduction for
other.
A— A% 42
Anode of cell; cell reaction at anode
B +2e— B
Cathode of cell; cell reaction at cathode
[Ans. toa,b,c,d)

Now add these two after making electrons same on
two sides.

A+B* =4* +B
This is cell reaction of redox change  [Ams. to e]
Also no. of electrons lost or gained during process is

2. [Ans. tof)
Also, In a redox cell: Anode has negative polarity.
Cathode has positive polarity.

Thus, electrons flow from 4 to B [Ans. tog]
and Current flows from Bto 4 [Ans. toh]
Ect =Eop, +Erp, [Ans. toi]

=+0.76 + (~0.44) =+032V

Write Eqp for one which show

Put a +ve sign in
oxidation e
Write Egp for one which show IR
reduction
Similarly, E= EOP,4 =+ Em [Ans. toj]

= Eop, - 292 log o [47* 1+ Ex,
+0.(;59 |Og|o [Bz*]
3 . 0059, [B*]
=EopA +ERP, +——2 logw [A2+]
. 0059, [B*]
Ecen = Eca +=5— 10810 A7)

For design of cell, keep electrode showing oxidation

on left and other showing reduction on right. Put.

two vertical lines in between these two electrodes to

Numerical Chamlafry

shov. salt bridge in order to eliminate liquid
Junction potential.

L.H.S. R.H.S.
AlA 2+ " B 2+ I B
or A|A(NO3), || B(NO;),|8
(Anode) (Cathode)
(= ve polarity) (+ve polarity)

Liquid junction potential is arised due to different
ionic mobility of ions.
Some applications of Nernst equation
(1) In computation of E:,u and E_,: See model
question.
Ec =Eop +Egp, Ecen =Eop +Egp
(2) In computation of equilibrium constant: When
the cell reaction is at equilibrium, the system does no net work
and the cell emf is zero.
ie., -AG=nFE or -AG=0
Consider the following reaction in equilibrium
Zn+Cu? =7Zn? +Cu
_ [Zn 2+ ] 3y
[Cu®]
As discussed in model question,
2+
Ecell = E:ell + % |08¢ {;:2‘,:::
Zn is oxidized and Cu?* is reduced
At equilibrium E .y =0
1

ByEqs. Q0)and 1), -Elyy =KL 1og, -
C

(+ E=0)

Atequilibrium K¢

.(20)

-(21)

] Ey = % log, Kc
or n.F.E. =RT log, K¢
or ~AG°=RT log, K. i
-AG®=2303 RT log,o K,
where, AG® is change in standard free energy.
(3) Heat of reaction for cell reaction: The heat of

reaction for cell reaction (AH ) at a temperature is calculated by
Gibb’s Helmholtz equation.

AG:AH+T(1AG)
T P

.(22)

B 5
-~ -AG=nEF
-nEF = AH + T[sir (-,,Ep)]P
or =-ad, r(g—’;)P (23)
o AH= nF[ %)P 2 E] (24)

where, (%Ef), is called temperature coefficient of emf,
i.e., rate of change of emf with temperature.
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(4) To decide spontaniety of cell reaction: Compute
E. for the given reaction, e.g.,
A+B* — 5 4% 4+
Eco =Eop, +Epp,
If Ecy comes to be +ve, cell reaction is spontaneous and
if E ; comes to be —ve, cell reaction is not spontaneous.

(5) To evaluate solubility product: See Solved
Problems

(6) Toevaluate pH of solution: See Solved Problems
Relation between standard potential of metal-metal

ion electrode and the corresponding metal-insoluble salt
anion electrode : Ag /AgCl,C1™~

Consider and electrode Ag /Ag* with reaction :
Ag* +e— Ag
The electrode potential is :
e 0.059 5
E g1y =E gt/ ag + 10108 [Ag"] .25

Now suppose excess of NaCl is added in this electrolyte
chamber so that all of the Ag* ions are precipitated obeying :

Ko =[Ag71[CI7) (26)
By Egs. (25) and (26), .
. 0059, Ko
E“‘I“ =EAg’/Ag +Tlog [ ..(27)

Now at this stage electrode can be taken as Ag/AgCI(s),
CI”. The half reaction for this electrode is

AgCI(s) + e— Ag(s) +Cl (ag.)

The electrode potential is : 0591 .
° 0.
90598 100 —— ..(28
Eoingirig ™ Bo- tagiiing 3 e (28)

Since, both the electrodes are same, thus Egs. (27) and
(28) are identical, therefore, =
E 0.0591 1 . 0059, Ko

A B e e M Y
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Earinging =Eng*1ng PAKC!
Relation for metal amalgam-metal ion half cell :
Pt electrode : M (Hg) —> M "*(aq.) + ne

° 0.059 n+
= log[M""]...(30)
Eu (HQPUM™ "EM (HRIPt/ M ™ G n og[ ]

Also for a cell PtM (Hg)/ M "* (aq.) /M
Eau =E -FE

+ 0_-01_5_9 log K (29)

;l (HgP/M ™ M™IM
Relation for oxidation-reduction in half cell :
(a) Pt/Fe?*, Fe*

The half cell reaction is Fe** (ag.) + e —> Fe?* (agq.)

3+
. 0.059, [Fe™]
Epopae =Egge par + 1 log [Fe?']

..(31)

(b) Pt/ H*, MnO;, Mn 2
The half cell reaction is ;
Mn™ +5¢e— Mn?*
or MnOj +8H* +5e— Mn?** 4H,0
- +18
4+ 0059 g [MnO3 J[H" ]
s [Mn**)]
Normal hydrogen electrode
reference electrode having

LE =E

MnO3/Mn2* MnO3/Mn2*

Reference electrode :
(NHE) is used as primary
E i+, =0, assigned arbitrarily.

PtH,

P=]am

HCll at25°CE°=0
a=

The other reference electrodes suc
[Hg2Cl2 (s) + KCl(ag.)], A,
secondary

h as calomel electrode

8—AgCI(s) electrode are called
reference electrodes.
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® NUMERICAL PROBLEMS ©

@

10.

11.

\n

12.

13.

- Calculate the quantity of electricity that will be required

to lil?erate 710 g of Cl, gas by electrolysing a conc.
solution of NaCl. What mass of NaOH and what volume

ofH, at27°Cand 1 atm. pressure is obtained during this
process?

. How many kJ of energy is expended during the passage

of 1ampere current for 100 sec under a potential of
115V?

Find the charge in coulomb on 1 gion of N*~.

Find out the volume of gases evolved by passing 0.965 A
current for 1 hr through an aqueous solution of
CH3;COONa at25°Cand 1 atm.

A current of 0.5 A is passed through acidulated water
for 30 minute. Calculate mass of H; and O, evolved.
Also calculate the volume of O, produced at 25°C and
760 mm of Hg if the gas is :

(a) dry (b) saturated with water vapour (aqueous tension
is 23.0 mm at 25°C).

. Calculate the volume of Cl, at NTP produced during

electrolysis of fused MgCl, which produces 6.50 g Mg.
Atomic mass of Mg =24.3.

How long would it take to deposit 100 g of Al from an
clectrolytic cell containing Al,O; using a current of
125 ampere?

. A metal wire carries a current of 1 ampere. How many

electrons pass a point in the wire in one second?

How long will it take for a uniform current of 6.0 ampere
to deposit 78.0 g gold from a solution of AuCl3? What
mass of chlorine gas will be formed simultaneously at
the anode of the electrolytic cell?

An ammeter and copper voltameter are connected in
series in an electric circuit through which a constant
direct current flows. The ammeter shows 0.525 ampere.
If 0.6354 g of Cu is deposited in one hour, what is
percentage error of ammeter? Atomic mass of
Cu=63.54.

Copper sulphate solution (250 mL) was electrolysed
using a platinum anode and a copper cathpde. A
constant current of 2 mA was passed for 16 minute. It

“was found that after electrolysis, the absorbance of the

solution was reduced to 50% of its original value.
Calculate the concentration of copper sulphate in the
solution to begin with. )

Calculate the number of electrons lost or gained during
electrolysis of:

(a) 2gCl™ions.  (b) 1g Zn*" jons.

0.35 mole of electrons were passed through three
electrolyte solutions connected in series. If the solutions

14.

15.

16.

17.

18.

19.

20.

21.

22.

are of Ag*, Cu 2+ and Au’*, calculate the amount of
each metal deposited at cathode of each cell.
Same quantity of electricity being used to liberate
iodine (at anode) and a metal (at cathode) : The ‘mass of
metal liberated at cathode is 0.617 g and the liberated
iodine completely reduced by 46.3 mL of 0.124 M
sodium thiosulphate solution. What is equivalent mass
of metal? )
Cd amalgam is prepared by electr_olysis of a solution of
CdCl, using a mercury cathode. Find how long shoulda
current of 5 ampere is passed in order to prepare 12%
Cd-Hg amalgam on a cathode of 2 g mercury? Atomic
mass of Cd =112.40.
10 g fairly concentrated solution of CuSOy4 is
electrolysed using 0.01 Faraday of electricity.
Calculate:
(a) the mass of resulting solution.
(b) the no. of equivalents of acid or alkali in solution.
Atomic mass of Cu =63.5.
A test for complete removal of Cu?* ions from a
solution of Cu”* (aq.) is to add NH (aq. ). A blue colour
signifies the formation of complex [Cu(NH; )4]2+
having K ; =1.1x 10'* and thus confirms the presence
of Cu® in solution. 250 mL of 01 M CuSO4 (ag.) is
electrolysed by passing a current of 3.512 ampere for
1368 second. After passage of this charge sufficient
quantity of NH; (aq.) is added to electrolysed solution
maintaining [NH3]=0.10M. If [Cu(NH;),]* is
detectable upto its concentration as low as 1x107°,
would a blue colour be shown by the electrolysed
solution on addition of NH;?
A current of 3.7 ampere is passed for 6 hr between Ni
electrodes in 0.5 litre of 2 M solution of Ni(NO;),.
What will be the molarity of solution at the end of
electrolysis?
How much current is necessary to produce hydrogen gas
at the rate of 1 cc per second at NTP conditions?
3 ampere current was passed through an aqueous
solution of an unknown salt of Pd for 1 hour. 2.977 g of
Pd"" was deposited at cathode. Find n. (Atomic mass of
Pd =106.4)
A Zn rod weighing 25 g was kept in 100 mL of
1 M CuSOy, solution. After a certain time the molarity of
Cu® in solution was 0.8. What was molarity of SO ?
What was the mass of Zn rod after cleaning?
(Atomic mass of Zn = 65.4)
Assume that impure copper contains only Fe, Au and
Ag as impurities. After passage of 140 ampere for
482.5 sec. the mass of anode decreased by 22.260 g and
the catliode increased in mass by 22.011 g. Calculate the
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percentage of iron and percentage of copper originally

eSca
23. Chromium metal can be plated out from an acidic
gom containing CrO; according to following

(rO;(ag.) +6H™ +6e—s Cr(s) +3H,0

Calculare:

(a) how many gram of chromium will be plated out by

24000 coulomb?
() how long will it take to plated out 1.5 g of Cr by
using 12.5 ampere current? (T 1993)

24. In an electrolysis experiment. current was passed for
S bour through two cells connected in series. The first
cell contains a solution of gold and the second contains
CuSO, selutien. 9.85 g of gold was deposited in the first
cell. If the oxidation no. of gold is +3. find the amount of
Cu depositad on cathode in second cell. Also calculate
the current strength in ampere. Atomic mass of Au =197
and atomic mass of Cu =63.5.

An electric current is passed through two solutions of
(1) AeNO; and (i1) a solution of 10g CuSO, -5H,0
crystals in 500 mL H,O. platinum electrodes being
used in each case. After 30 minute it is found that
1.307 g Ag has been deposited. What was the conc. of Cu
expressed in g of Cu per litre in solution after
electrolysis?

(Atomic mass of Cu = 63.54, Ag =108)

Electrolysis of a solution of MnSO, in aqueous
sulphuric acid is a method for the preparation of MnO,
as per reaciion,

Mn " (ag.) + 2H.0 —> MnO, (s) +2H" (aq.) + H2(g)
Passing a current of 27 A for 24 hours gives one kg 'of
MnO-. What is the value of current efficiency? Write
the reaction taking place at the cathode and at the anode.

(UT May 1997)

. A constant current was flown for 2 hour through a K1
solution oxidising iodide ion to iodine 2I" =1, +2ezi.
At experiment liberated iodine consume
2l.';i;mcl’_’?)f(:)f.0831 M solution of sodium thiosulphate
following the redox change
I, +25,03" — 21" +S,0¢ . What was the average
rate of current flown in ampere? )

S0 mL of 0.1 MCuSO, solution is electrolysed using Pt
electrodes with a current of 0.965 ampere for a %eriod 0{

i i nol
| minute. Assuming that volume of solugon o::smd

change during electrolysis, calculate [Cu™" J, [H"]

[SOZ" Jafter electrolysis. What will be the concentration
of each species if current is passed using Cu electrodes?

. An electric current is passed through two electrolytic
cells connected in series, one containing AgNO3(a4.)

and cther H,SO, (ag. ). What volume of O, measured at

25°Cand 750 mm in Hg would be liberated from H,S0,
if:

30.

31.

32.

33.

3s.

36.

37.
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(a) 1 mole of Ag® are deposited from AgNO;
solution?

(b) 8x10% ions of Ag* are deposited from AgNO;
solution?

In a fuel cell H, and O, react to produce electricity. In
the process H, gas is oxidized at the angde anq 0, at
cathode. If 67.2 litre of H, at STP reacts m_]S mmute.s,
what is average current produced? If the entire currentis
used for electro deposition of Cu from Cu ", how many

gram of Cu are deposited? .
A 200 W. 110V incandescent lamp is connected in
series with an electrolytic cell of negligible resistance
containing a solution of ZnCl,. What mass of Zn will
be deposited from the solution on passing current for
30 minutes? (Atomic mass of Zn =65.4)

By passing a certain amount of charge through NaCl
solution. 9.2 litre of Cl, were liberated at STP. When the
same charge is passed through a nitrate solution of metal
M, 7.467 g of the metal was deposited. If the specific
heat of metal is 0.216 cal/g, what is formula of metal
nitrate?

An oxide of metal (atomic mass =112) contains 12.5%
O, by mass. The oxide was converted into chloride by
treatment with HCI and electrolysed. Calculate the
amount of metal that would be deposited at cathode if a

current of 0.965 ampere was passed for a period of 5 hr.
What is valency of metal?

. A current of 3 ampere was passed for 2 hour through a

solution of CuSO, - 3g of Cu* ions were discharged at
cathode. Caiculate current efficiency. (atomic mass of
Cu=63.5)
An aqueous solution of NaCl on electrolysis gives
H,(g),Cl,(g) and NaOH according to reaction:
2CI" (ag.) +2H,0 —> 20H ™ (aq.) + Ha(g)+Cl,(g)
A direct current of 25 ampere with a current efficiency
of 62% is passed through 20 litre of NaCl solution (20%
by mass).
(@) Write down the reactions taking place at the
electrodes.
(b) How long will it take to produce 1 kg of Cl,?
(c) What will be the molarity of solution with respect
toOH™?

Assume no loss in volume due to evaporation.

(TIT 1992)
A current of 1.70 A is passed through 300 mL of
0.160 M solution of ZnSO, for 230 sec. with a current
efficiency of 90%. Find the molarity of Zn?* after the
depo;ition of Zn. Assume the volume of the solution
remains constant during electrolysis. (IIT 1991)
19g fused SnCl, was electrolysed using inert electrodes.
0.119 g Sn was deposited at cathode. If nothing was
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38.

39.

40.

41.

42.

43.

given out during electrolysis, calculate the ratio of mass
of SnCl, and SnCl, in fused state after electrolysis
(Atomic mass of Sn =119),
._Aﬁer electrolysis of a sodium chloride solution with
Inert electrodes for a certain period of time, 600 mL of
the !N solution was left which was found to be NaOH.
During the same time 31.80 g Cu was deposited in
copper voltameter in series with the electrolytic cell.
Calculate the % of NaOH obtained. (Atomic mass of
Cu=63.6).
Per disulphuric acid (H;8,05) can be prepared by
electrolytic oxidation of H,S0, as
2H2804 g HzSzOg +2H+ +2e.
Oxygen and hydrogen are byproducts. In such an
electrolysis 9.72 litre of H, and 2.35 litre of O, were
generated at STP. What is the mass of H,S,04 formed?
An acidic solution of Cu?* salt containing 0.4 g of Cu?*
is electrolysed until all the Cu is deposited. The
electrolysis is containued for seven more minutes with
the volume of solution kept at 100 mL and the current at
1.2 ampere. Calculate volume of gases evolved at NTP
during entire electrolysis. (Atomic mass of Cu = 63.6)
Calculate the quantity of electricity that would be
required to reduce 12.3 g of nitrobenzene to aniline, if
current efficiency is 50%. If the potential drops across
the cell is 3.0 volt, how much energy will be consumed?
(IIT 1990)
Calculate the quantity of electricity required to reduce
6.15 g of nitrobenzene to aniline if the current efficiency
is 68 per cent. If potential drops across the cell is
7.0 volt, calculate the energy consumed in the process.
In the manufacture of Al, Al,0; is dissolved in
Na;AlFg at 300K and electrolysed between Al and
carbon electrodes following the net reaction,
2A1,0; (solution) +3C — 4Al(/) +3CO;(g)
write the reaction of each electrode. Calculate the
minimum voltage required between the electrodes if the
Gibbs free energy change for the above reaction is
~1370kJ mol ™.

During the discharge of a lead storage battery, the
density of sulphuric acid fell from 1.294g mL™' to
1.139g mL™". Sulphuric acid of density1.294g mL™' is
39% by mass and that of density1.139 g mL™" is 20% by
mass. The battery holds 3.5 litre of acid and the volume
practically remained constant during the discharge.
Calculate the no. of ampere hour for which the battery
must have been used. The charging and discharging
reactions are:
Pb+S03™ — PbSO, +2e charging

PbO, +4H" +SO§” +2e— PbSO, +2H,0
discharging

45.

46.

47.

48.

49.

50.

51.

Numerical Chemisuy

A lead storage cell is discharged which causes the
H,S0, electrolyte to change fromla concentration of
34.6% by mass (density1.261g mL™" at25°C) to one of
27% by mass. The original volume of electrolyte is one
litre. How many Faraday have left the anode of battery?
Note the water is produced by the cell reaction ag
H,S0, is used up. Overall reaction is:
Pb(s) + PbO, +2H,50,4 (/) — 2PbSO4(s) +2H,0
The electrolytic reduction of 300 mL of 0.01 M
nitroalkane was carried out in acidic buffer medium of
pH 5.0 following the change :

RNO, +4H;0" + 4e—— RNHOH +5H,0

If the total concentration of weak acid and its conjugate -
base was 0.50M, calculate the pH of solution after
completion of reduction. X, for weak acid is1.8 x107°.

Two litre solution of a buffer mixture containing 1.0 M
NaH,PO,4 and 1.0 M Na,HPO, is placed in two
compartments (one litre in each) of an electrolytic cell.
The platinum electrodes are inserted in each
compartment and 1.25 ampere current is passed for 212
minute. Assuming electrolysis of water only at each
compartment. What will be pH in each compartment
after passage— of above charge? (pK, for
H,PO; =2.15).

The density of copper is 8.94g mL™. Find out the

.number of coulomb needed to plate an area of

10x10cm? to a thickness of 102 cm using CuSO,
solution as electrolyte. (Atomic mass of Cu = 63.6)

How many grams of silver could be plated out on a
serving tray by electrolysis of solution containing silver
in +1 oxidation state for a period of 8.0 hour at a current
of 8.46 ampere? What is the area of the tray if the
thickness of the silver plating is 0.00254 cm? (Density
of silveris10.5g / cm?). (IIT July 1997)
A current of 40 microampere is passed through a
solution of AgNO; for 32 minutes using Pt electrodes.
A uniform single atom thick layer of Ag is deposited
covering 43% cathode surface. What is the total surface
area of cathode if each Ag atom covers 5.4 x 106 cm2?

Calculate emf of half cells given below:

(@ Pty,| HCl Eop =0V
2 atm| 8 =0.02 o
(b) Fe|FeSO, Eop =0.44V
a=0.1
() Ptg, | HCI Eop =-1.36V
10atm [2=0.1
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52. Calculate the pH of the following half cells solutions:

53.

55.

57.

~(a) Pty,|HCl E =025V
1 atm
(b) Pty,|H,SO4 E=03V

1 atm|

(c) A solution containing 4.5 mM of Cr,0% and

15 mM of Cr* shows a pH of 2.0. Calculate the
potential of half reaction. (Standard potential of the
reaction Cr,07” — Cr** is 1.33 V)

(Roorkee 2001)
Consider the reaction: 2Ag* +Cd — 2Ag +Cd?*. The
standard reduction potential of Ag' -Ag and
Cd* —Cd couples are +080and —0.40 volt respectively.
(a) What is the standard cell emf, E° ?
(b) Will the total emf of the reaction be more +ve
or —ve, if conc. of Cd** is 0.10M rather than 1M?

. Calculate the values for cell

Zn|Zn™ (ag.)||Cu™ (ag.)|Cu
(i) cell reaction and (ii) emf of cell if Zn 2 andCu?* are
1 M each, (iii) the minimum concentration of Cu®* at
which the cell reaction,
Zn +Cu? (ag.)—> Zn** (ag.)+Cu
will be spontaneous if Zn** is 1 M (iv) does the
displacement of Cu”* (ag.) by Zn goes to completion.

. o 4035V
Given, E RPy 24 1 +0.35

2 =-0.76 V

RPp2* 20
Two students use same stock solution of ZnSO, and a

solution of CuSO4. The emf of one cell is 0.03 V higher
than the other. The conc. of CuSOy in the cell with
higher emf value is 0.5 M. Find out the conc. of CuSO,

in the other cell M = 0.06). (OIT 2003)

2+

[Zn7)
. A graph is plotted between E . and logjo === 1h¢

[Cu™]
curve was linear with intercept on E o aXis equal to
1.10 V. Calculate E,; for

Zn| Zn? | Cu®* [Cu

0.1M[|001M
If NO3 —> NO, (acidic medium); £°=0.790 V and
NOj3; — NH,OH (acidic medium); £°=0.731V. At
what pH the above two half reactions will have same E
values? Assume the concentrations of all the species to
the unity.

58.

59.

61.

62.

63.

65.

66.

67.
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The following electrochemical cell has been set up.
Pt |Fe’*, Fe®* (a=1)||Ce",Ce™ (a=1)| Py,
E n =077V and E.4 . =161V

Fe™i/Fe? “Ce* ICo
If an ammeter is connected between the two platinum
electrode, predict the direction of flow of current. Will
the current increase or decrease with time? (11T 2000)
The standard oxidation potential of Ni/ Ni%* electrode
is 0.236 V. If this is combined with a hydrogen electrode
in acid solution, at what pH of the solution will the
measured emf be zero at 25°C? (Assume [Niz" ]=IM

and Py, =1atm).

. Calculate the equilibrium constant for the reaction:

Fe?* +Ce*" == Fe’* +Ce”'
Given, Eju o =144Vand Eps, o0 =068V
(IIT July 1997)

Calculate the equilibrium constant for the reaction,
2Fe3t +31" —=2Fe®" +13. The standard reduction

potentials in acidic conditions are 0.77 and 0.54V
respectively for Fe** / Fe?* and I3 /1~ couples.
(IIT 1998)
Find the equilibrium constant for the reaction:
In* +Cu?* — In* +Cu* at 298 K
Given, E_ 2+ =015V, E, =-042V,
E 2+ =—040V (IIT 2004)

Construct a cell in which the disproportionation
reaction

°

In** /In*

2CuCl —> CuCl, +Cu
takes place. Also calculate the equilibrium constant for
the reaction ifCu®* / Cu* andCu” / Cuare 0.153 V and
0.518V respectively.
Zinc granules are added in excess to 500 mL of 1M
Ni(NO,), solution at 25°C until the equilibrium is
reached. If E, 2, and EN.ID n~i are =075V and

-0.24 Vrespectively, find out the [Ni>* ]at equilibrium.

(IIT 1991)
The standard reduction potential for Cu®* /Cu is
+0.34 V. Calculate the reduction potential at pH =14 for

the above couple, K s, of Cu(OH), is1.0 X107,
(IIT 1996)
The emf of cell Ag|Agl(s), 0.05M KI|0.05SM

AgNO; | Ag is 0.788 V. Calculate solubility product of
Agl.

If it is desired to construct the following voltaic cell to
have E; =0.0860 V, what [Cl™ Jmust be present in the
cathodic half cell to achieve the desired emf. Given K »

of AgCl and Agl are 1.8x107"° and 8.5x107"
respectively?

Ag(s)| Ag™ [Sat. Agl (aq.)]|
Ag" (Sat. AgCl- xMCl1™)| Ag(s)
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68.

69.

70.

71.

72.

73.

74.

75.

76.

The standard reduction potential of Cu®|Cu and
Ag¥|Ag electrodes are 0337V and 0.799V
respectively. Construct a galvanic cell using these
electrodes so that its £y, is +ve. For what [Ag™ Jwill the
emf of cell at 25°C be zero if[Cu®" Jis 0.01M?

(IIT 1990)
Find the solubility product of a saturated solution of
Ag,CrO, in water at 298K if the emf of the cell
Ag|Ag* (satd. Ag,CrO, sol.)[|Ag™ (0.1M)|Ag is
0.164V at 298K . (IIT 1998)
A silver electrode is immersed in saturated

Ag 2804(aq.). The potential difference between the
silver and the standard hydrogen electrode is found to be

0.?1 V. Determine K (Ag,S0,).  Given,
E g™ 0.799Vv. (Roorkee 2000)
The emf of the cell obtained by combining Zn and Cu

electrodes of a Daniel cell with N calomel electrodes are
1.083V and —0.018V respectively at 25°C. If the
potential of N calomel electrode is —0.28V, find emf of
Daniel cell.

The standard reduction potential at25° C for the reaction
2H,0 +2e —— H, +20H" is —0.8277V. Calculate the
equilibrium constant for the reaction
2H,0+==H;0" +OH™ at25°C. (IIT 1989)
An excess of liquid Hg was added to 10~ M acidified
solution of Fe** ions. It was found that only 5% of the
jons remained as Fe** at equilibrium at 25°C. Calculate

E° for 2Hg|Hg?" at  25°C  for
2Hg +2Fe** == Hg3" +2Fe**and
Epps e =—0.TTV. (IIT 1995)

Calculate the potential of an indicator electrode versus
the standard hydrogen electrode, which originally
contains 0.1 M MnOj3 and 0.8 M H' and which was
treated with Fe " necessary to reduce 90% of MnOj to

2 " =
Mn? By =151V

Calculate the minimum mass of NaOH required to be
added in R.H.S. to consume all the H* present in R.H.S.
of cell of emf+0.701V at25° Cbefore its use. Also report
the emf of cell after addition of NaOH.

Zn |Zn*| HCl (Pty,(g)
0.1Ml 1litre | | aem
E, 5 =+0.760V

A zinc electrode is dipped in a 0.1 solution at 25°C.
Assuming that salt is dissociated to 20% at this dilution,
calculate the electrode potential. Ean, o = -0.76 V.

77.

78.

79.

80.

81.

82.

83.

84.
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A cell is containing two H electrodes. The negative
electrode is in contact with a solution of 107 M H™ jon_
The emf of the cell is 0.118 volt at 25°C. Calculate [~
at positive electrode.

For the galvanic cell
Ag| AgCl(s), KCI || KBr ,AgBr(s)| Ag
02M 0.001M

Calculate the emf generated and assign correct polarity

to each electrode for a spontaneous process after takmg
an account of cell reaction at 25°C. Given,

Kopage =28X107'% K g agne =3.3x107". (T 1992)

Consider the cell Ag | AgBr(s)Br~ || AgCI(s)CI™ | Agat
25°C. The solubility product of AgCl and AgBr are
1x107'° and 5x107"* respectively. For what ratio of
concentration of Br ~ and C1~ ions would the emf of cell
be zero?
Calculate E° of redox change
Ag,S+2e==2Ag +S?  if the reaction occurs at
pH =3 and saturated with0.1 M H,S. X, and X, forH,S
are 1x10® and 1.1x107"  respectively.
Kopaps =2x107 and E, . . =08V.
The pK, of Aglis 16.07. If the E° value for Ag™ / Ag
is 0.7991V, find out the E° for half reaction:
Agl(s)+e— Ag +1™
Determine potential for the cell

Fe2+
Fe 3+
in which [Fe?*] and [Fe ] are 0.5 M and 0.75 M
respectively and [Cr,03°], [Cr®*] and [H'] are
2M,4 M and 1 M respectively.
Given, Fe'' +e— Fe®  E°=0.770V
14H" +6€+Cr,03” — 2Cr** +7H,0
E°=135V
The voltage of the cell given be!ow is —0.46 V

Pt Cr,0%,Cr* H* | Pt

Zn2+

Pty,
03M

Na,S0;
6.44%107 M

Zn(s)

NaHSO,
04M

Also, Zn*" +2e —— Zn(s), E°=-0.763V. Calculate

the value of K, where X, = —[H 180y ]‘
[HSO; ]

What ratio of Pb?* to Sn?* concentration is needed to
reverse the following cell reaction?
Sn(s) + Pb(ag.)** == Sn(aq.)** + Pb(s)

: =-0.136V and E_,, . =-0.126V

Egn2t 5o Pb3* /Pb
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91.

The Edison storage cell is represented as,
Fe(s)| FeO(s) KOH(agq. )| Ni,O: (s)| Ni(s)
The half cell reactions are:
Ni;O3(s) + H;O()) +2¢” —— 2NiO(s) +20H;
E°=+040V
FeO(s) + HoO()) +2¢™ —— Fe(s) +20H";
E°=-087V
() What is the cell reaction?
(i) What is the cell emf ? How does it depend on the
concentration of KOH?
(iif) What is the maximum amount of electrical energy
that can be obtained from one mole of Ni,0;?
(IIT 1994)
For the electrode reaction,
CH;CHO +2H" +2e— CH;CH,OH.
1N M
the half cell potential is —0.197V at pH = 7. Calculate the
half cell potential when pH=6 and ethanol and
acetaldehyde each has concentration 10~ M.

. For the cell Mg(s)|Mg(ag.)* 1| Ag(ag.)"| Ag(s).

calculate the equilibrium constant at 25°C and the
maximum work that can be obtained during operation of
cell. Given.

: =4 © = ;
Eu“,_“&;.. +237V and EA!.J,Ag +0.80V,

R=8314]
The standard reduction potential for the half cell
NOj (ag.) +2H" (ag.) + e— NO>(g) + H,0
is 0.78V.
(i) Calculate the reduction potential in8 M H’.
(ii) What will be the reduction potential of the half c_ell
in a neutral solution? Assume all the other species
to be at unit concentration. c(IIT 1993)
The standard reduction potential of E.s. .. and
E‘;p o e 0226 V and 0.344 V respectively. A
mixture of salts of Bi** and Cu®* at unit concentration
each is electrolysed at 25°C. To what value can [Cu =]
be brought down before bismuth starts to deposit during
electrolysis?

. How much is the oxidizing power of (1M, MnO3/Mn ™",

IM) couple decreased if the H” concentration is

decreased from 1M to 10" M at25°C? ‘

An alloy weighing 1.05 g of Pb — Ag was dissolved in

desired amount of HNO; and the volume was made

350mL. An Ag electrode was dipped in solution and

E of the cell mlH2 ||H; i| Ag” | Ag was 0.503 V at
el

298 K. Calculate the percentage of lead in alloy. Given

E g 1ng =0-80V.

93.

97.

Calculate the emf of given cell reaction and

Pb(s) + Hg,SO, == PbSO;(s) +2Hg(]) . ]
design the cell if both electmlyt&f are present in their
saturated solution state. Given En n- and E He HeS
are 0.126 and —0.789V respectively and K, of PbSO_Z
and Hg,SO, are 243x10™ and 146x10
respectively. )
The standard reduction potentiai of the Ag™ / Ag
electrode at 298K is 0.799V. Given that for_ Agl
K, =8.7x107"7, evaluate the potential of the Ag Ag
electrode in a saturated solution of Agl. Also calculate
the standard reduction potential of the I"/ Agl/ Ag
electrode. (IIT 19%94)

. For the reaction Ag”(ag.)+Cl (ag.)=— AgCl(s)

the AG° values forAg’(aq.).Cl'(aq.)andAgCl(s)are
+77.-129 and -109KJmol™’. Write the cell
representation of above reaction and calculate £° at
298K. Also calculate K, of AgCl a1 298K

If 6.539x10™ g of metallic zinc is added 100 mL
saturated solution of AgCL find the value of

5

log ;o —. How many mole of Ag will be
[Ag'T

precipitated in this reaction? Given. E_ - __ =—0.76V.
(IIT 2005)

. The standard potennal of the following cell is 023 V at

15°Cand 021 V at35°C.

Pty, (2)| HCl(ag.) || AgCl(s) | Ag(s)

(1) Write the cell reaction.

(ii) Calculate AH< and AS® for the cell reaction by
assuming that these quantities remain unchanged in
the range 15°C 10 35°C.

(i) Calculate the solubility of AgCl in water at 25°C.
Given, the standard reduction potential of the
Ag™(aq.)/ Ag(s) couple is 0.80 V a1 25°C.

(IIT 2001)

. Show that the potentials are additive for the process in

which half reactions are added to vield an overall
reaction but they are not additive when added to yield a
third half reaction.

What is the standard electrode potential for the
electrode MnO3/MnO;, in solution? Given:

E\ i =1-51Vand E
The reduction potential diagram for Cu in acid solution
is:

woye™ =133V

+AN v

Cu 20MSwk e i
A

L E° =X wolt |

Calculate .\ Does Cu* disproportionte in solution?
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99.

100.

101.

102.

103.

104.

105.

IfoEf is standard electrode potential for Fe / Fe2* and
E, is for Fe**/ Fe* and E; for Fe/Fe* . Derive a
relation between E, , E, and E;.
The following galvanic cell was

Zn|Zn(NOs); (ag.) CU(NOJ)z(aq-)l
100 mL, 1M 100 mL, 1M
operated as an electrolytic cell using Cu as anode and
Zn as cathode. A current of 0.48 ampere was passed for
10 hour and then the cell was allowed to function as
galvanic cell. What would be the emf of the cell at
25°C? Assume that the only electrode reactions
occurring were those involving Cu/Cu?* and
Zn/Zn*.  Given E’ =+034V  and

< Cu?* /Cu
Ean*/Zn =-0.76 V.

A cell Ag|Ag*||Cu®*|Cu initially contains 1M Ag*
and 1 M Cu®" ions. Calculate the change in the cell
potential after the passage of 9.65 A of current for
1 hour. (IIT 1999)
Estimate the cell potential of a Daniel cell having
1.0 M Zn*" and originally having 1.0 M Cu?* after
sufficient ammonia has been added to the cathode
compartment to make the NH; concentration 2.0 M.
Given E;n/z“;, and E o are 0.76 and —0.34V
respectively. Also equilibrium constant for the
[Cu(NH;)4]** formation is1x10'2.
Two electrochemical cells are assembled in which the
following reactions occur. .
V2t + VO +2H — 2V +H,0 Eg =0.616V
V3 + Ag* + H,0— VO +2H" +Ag(s)

Eoq =0.439V
Calculate E° for half reaction V** +e— V?*. Given,

1{-;Ag+ 1A =0.799 volt.

The emf of cell Zn| ZnSO,4||CuSO4|Cu at25°Cis 0.03V
and the temperature coefficient of emf is
—1.4x10™* V per degree. Calculate heat of reaction for
the change taking place inside the cell.
For the reaction,
H, (g) +2AgCl(s) +2H,0 (/) — 2Ag(s) +

2H;0" (aq.) +2C1" (aq.).
At 25°C, the standard free energy of formation of
AgCl(s), H,0(/) and (H;0" +Cl") (aq.) are -109.7,
—237.2 and —368.4 kJ / mol. Calculate what will be the
cell voltage if this reaction is run at 25°C and one

106.

107.

108.

109.

110.

111.

112.

113.

Numerical Chemistry
aumsphcreinacellinwhichﬂz activity is unity and
H,07 (ag.) and C1 (agq.) activities are each at 0.01 41
E oy for reaction,
4Al(s) +30, (g) + 6H,0 + 4OH — 4{AUOH), "
is 2.73V. If G; for OH™ and H,O are 157k J moi™*
and —237.2k J mol ™, determine G for [AI(OH),]".
Calculate the emf of cell:

Pty, [CH;COOH NH,OH
1 0.1M 0.01 M

K, for CH;COOH=1.8 x107*; K, for
NH,OH=18x10".
Two weak acid solutions H4; and H4, each with the
same concentration and having pK, values 3 and S are
placedincontactwithhydmgmelwundg(l am,25°C)
and are interconnected through a salt bridge. Find emf

of cell.
Dissociation constant for Ag(NH )3 into Ag~ and NH;
is 6 X107 _ Calculate E° for the half reaction,
Ag(NH,); +e—> Ag +2NHj

Given, Ag® +e— Aghas E°=0.799V.
The overall formation constant for the reaction of 6
mole of CN~ with cobalt (II) is 1 x10'°. Calculate the
formation constant for the reaction of 6 mole of CN~
with cobalt (I). Given that,

Co(CN)z” +e— Co(CN)¢"; Epp =—083V

Pty,
1atm

Co** +e— Co™*; Epp =1.82V
The voltage of the cell :
Zn(s) Zn(CN); (ag.), CN~. || Zo* |Zn(s) is
045 M 265x107° M 384x107~¢

+0.099V. Calculate the instability constant for
Zn(CN)}™  if only complexation resulting is
Zn* +4CN~ — Zn(CN)2~.

Calculate the equilibium constant at 25°C for the
disproportionation of 3 mole of aqueous HNO, to yield
NO and NO3 ions. The E° for reduction of HNO, to NO
is 0.99V and E° for reduction of NO3 to HNO, is
0.94V.

The standard electrode potential corresponding to the
reaction,

Au* (aq.) +3e—> Au(s)
is 1.42V. Predict if gold can be dissolved in 1M HC

solution and on passing hydrogen gas through gold salt
solution, metallic gold will be precipitated or not.
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114.

'K

115.

116.

For the cell:

As(s)| AgBr(s)| KBr(ag.) | Hg,Br, (s)| Hg(J),
the variation of emf with emperature is shown by the

graph given below: !
0.071 -
i
0.069 |-
E
0.067 -
T !
0.065 i
293 303

(a) Write the cell reaction.
(b) Calculate AG, AH and AS at 298K.

Determine the degree of hydrolysis and hydrolysis -

constant of aniline hydrochloride if:
Pt.(H;)|H* ||ICeHsNH;Cl| H; Pt; E oy =—0.188Vat
1atm I M E M

latm
32

300K.
Peroxodisulphate salts (e.g, Na,$,03) are strong
oxidising agents used as bleaching agents for fats, oils

117.

118.

241

and fabrics. Can <;xygen gas oxidjse sulphats ion to
peroxide sulphate ion S,0%" in acidic solution with
0O, (g) being reduced to water? Given,

0,(g) +4H" (ag.) + 4¢— 2H,0; E°=1.23V
;0% (aq.) +2e —> 2S0%"; E°=2.01V

E® of some elements are given as: .

I, +2e—2I7; E°=+0.54V

MnO; +8H" +5¢ — Mn?" +4H,0; E°=+1.52V

Fe’* +e—— Fe?*; E°=40.77TV

Sn*" +2e— Sn2*; E°=+0.1V

(a) Select the strongest reductant and oxidant in these.
() Select the weakest reductant and oxidant in these.

(c) Select the spontaneous reaction from the changes
given below:

(i) Sn** +2Fe® —, g2+ +2Fe*
(ii) 2Fe™ +1, — 2Fe3* 41~
(i) Sn " +2" — gn2+ 4,
(V) Sn* +1, — Sp** 471~

Two metals 4 and B have Erp =-0.76V and +0.80V
respectively, which will liberate H, from H,50,°?
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. l I SOLUTIONS (Numerlcal ProblemS) I I .

5.

20" —Cly +2 . Eg, =Molarmass

2
weEit _ EQ
36500 96500
6500w _ 96500% 710
0= E 553 =20F

©=1930000 coulomb
1 F gives 1 g eq. or 40 g NaOH
20 F gives 20 g eq. or 40x 20g NaOH =800 g NaOH
1 Fgiveslgeq.orl gH,
20 F gives 20 g eq. or20 g H,
from PV = % RT

le=270x0.082]x300
Vi, =246.3 litre

A Energy chargexpotennal—lx 100x 115=11.5kJ
. The electronic charge on IN*~ is=3x1.602x 107" C

The electronic charge on 1 g eq. N3~
=3x1.602x107° xNC
=3x1.602x107" x 6.023x 102 C
=2.89 x10° coulomb

Electrolysis

. 2CH3;COONa(aq.) —— C,Hg + 2C02+

Cathode
INaOH + H,
2CH;C00™ —> C;Hq +2C0; +2e
2H* —5 H, +2
. WY_ it _ 0.965X1x60x60 _ o036
Fgaivalont (E) 96500 96500
Thus total equivalent of C;Hg + CO, + H,
=0.036+ 0,036+ 0.036

Total mole of gases
(M= 0036 0036 0(;36 0.072

M ' _M. =M
[ EC2H6=-2—; EH2 =3 Eco, = l]
y = nRT _ 0.072x0.0821x298 _{ 765 j¢re
=i 1
2H" +2e— H, 40H™ —> 2H,0+0; +4e
Molar mass _ 32

".EHz =__7__=§_1-‘-E02 =T=7=8
E-t E-it
WH2 = 9F500 02 = 565001
_ 1x0.5x30x 60 — 8x0.5%x30x60'
96500 96500

WH, -q.se x1073 g wo, =7.46x107 g
(a) Using | PV=%RT |

760, _ 7.46x107
Ty = 140 x0.0821x 298

Vo, =5.7x107 litre

. At cathode:

Po,- P1—Pj, =760~ 23=737mm
l:ﬂxy=M0__x0.0821x298
760 32

Vo, =588 x107* litre
Mg2* +2¢—> Mg
At anode: 2C1- —> Cl; + 2¢
Equivalent of Mg at cathode = Equivalent of Cl, at

anode

_65 _Yap
243/2 355

wel, = 18. 99g

=WRT
AtNTP 144 M

1xy=_—187'?9x0.0821x273
Volume of Cl, =5.99 litre
ALY + 6e— 2Al
E _ Atomic mass _ 27_9

_E-it
~ 96500
_27x125x¢t
3% 96500
t =8577.77 second

Now

3 Total charge passed in one sec. = 1x 1= 1coulomb

(s O=ixt)
1 Faraday or 96500 C current carried by
=6.023x 10 electrons

1 coulomb current carried by
_6.023x10% _ 18
96500 6.24 X10™ electrons
AuCly +3e — Au +4Cl1™

a- -—>-;c12 +e

E-i-t _197x6x¢t -
WA = 96500 - 3% 96500 ~ 150
t =19104 sec.
Also Eq. of Au=Eq.of Cl,
8 _ w
197/3 " 7172
Wc‘2 =42, l6g

10. Currem flown = 0.525 ampere as shown by ammeter

Actual current flown (i) = E_Xl X 96500
—_ 0.6354 x 96500
(63.54/2)x 60x 60

(o 1=60x60sec.)
i =0.536ampere
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error in (/)= 0.536-0.525= 0,011

% error in ammeter = 2:011x 100 _
= 0.536 2.05%

11. Equivalent of Cu®* lost during electrolysis
ixr _2x107 x16x 60 o
96500 S6s00 - 98910

or Mole of Cu®* lost during electrolysis = _1-939; 107

Thus,

This value is 50% of the initial concentration of solution
Thus, initial mole of CuSO,
-2x1.989x10"%
2
Thus, initial concentration of CuSO,
2 1.989%10™* x 1000
250
[CuSO,1=7.95x10" M

. (a). Eq. of CI” used = —2—
12. (). Eq.of CI" used = 75

=1.989%107

for 2C1" — Cl, +2e

1 eq. of an element = | Faraday charge
=6.023% 10** electrons

2 - _ 6.023x10% x2
T 35.5

=3.39 x 10? electrons lost
() Similarly, calculate for Zn®" + 2e — Zn
Electrons gained =1.85 x 102 electrons

13. ' 1 mole of electrons deposits 108 of Ag
. 0.35 mole of electrons deposits 108x 035=37.8 g Ag
Similarly, wow =11.113 g, w,, =2298¢g
14. I; +22— 2I°

ZSZOi_ —_— 840:- + 2e [-‘- ENquzQ\ ='hli]

Eq. of metal = Eq.of I, =Eq.of hypo
0617 _ 463x0.124
E 1000

o E=10747geq”
15, - 88 g Hghas 12 g Cd
23ngequjre=l%§—2g Cd =0.273g Cd

112 40]

Cd?" +2e— Cd [ Eca =—5

N _Eit
i = 96500

_112.4x5x¢t
0.273= = 96500

t =93.75 second
2H,0 — 4H' + 0, +4e

Cu?* +2e—>Cu

16. (a) Atanode:
At cathode: E

. _E-i-t

Mass loss at anode = mass of O, formed = 96500

_ 32x0.01x 96500 _ ¢ 08
4% 96500

17.

18.

19.

20.
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7,
Mass loss at cathode = mass of Cu formed = 4‘65“;’
= 03,5%0.01x96300 _ 31754
2% 96500

Muss of resulting solution '
= Initinl mass — mass loss of Oy = mass loss of Cu
=10-0,08-03175=9,6025¢ "
taradny will produce | equivalent of ucid or
(b) | Faradny p 1“’,01

0.01 Faradny will produce A

= 0,01 equivalent of acid
Cu® +4NH, === [Cu(NH ), "'
_ [CuNHy )4
[Cu?" J(NH4]*

The blue colour will be noticed upto

[Cu(NHy )4 ]*" =1x 10,
Thus, at this stage, y

m mole of Cu?" present = 250X 0.1= 25 1000
mmole of Cu?* removed = % X -I%O—Q = %(l,—;a)x—z
- 3312X1368X 1000 _ 54 gg
96500% 2
(25-24.89) _ 4

=50 =44x107" M
Since, K ; is very high (1.1x 10" )thus almost whole of the
[Cu?* Jien will be used to form [Cu(NH; ), 12,
or [Cu(NH;);]%" =4.4x 107 M > 1x 1073 M detectable
limit
Thus, solution will show blue colour as it will provide
appreciable Cu?* to form complex.
The electrolysis of Ni(NO; ), in presence of Ni electrode
will bring in following changes:
At anode: Ni— Ni?* +2¢ -
Atcathode: Ni** +2 — Nj

Eq. of Ni** formed = Eq.of Ni2* lost

Thus, there will be ro change in conc. of Ni(NO; ),
solution during electrolysis, i.e., it will remain 2 M.
1 Eq. or 11200 mL H,gas involves = 96500 coulomb

1 mL H, gas involves = 96500
2 & 11200 coulomb

J

[Cu® Jien

=8.616coulomb
Now time to produce 1 mL gas is | second and thus,

8.616 coulomb charge should be passed in one sec. to bring
the change.

Therefore, Q=ixt

8.616=ix+ or ,i=8.616 ampere
Pd™ + ne—> Pd
For Pd, W EXL

E 96500
2977 _ 3x1x60x 60
106.4/n 96500
| n=4
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21, -

22.

23.

Meq.=N xV

Meq. of Cu?* before reaction = 100x 1x2=200

Meq. of Cu®" after reaction = 100x 0.8 2 = 160

: Meq. of Cu®* lost = 200-160= 40
Megq. of Zn lost = 40

w
65.477 <1000=40

- Wz, =1.308¢g
Net mass of Zn rod = 25— 1.308g =23.692 g
Also the reactions are  Zn —— Zn2* + 2¢
Cu® 42— Cu
No change in molarity of SO}'
The incx;iase in mass at the cathode is due to deposition of
Cu (Cu™ +2e— Cu). The loss in mass of anode is due to

loss of Cu and Fe because of their oxidation because only
these two are active metals and will oxidise as

Cu— Cu?* +2
Fe — Fe?* +2¢

and loss of Ag and Au to fall in anode mud.

Thus, gain in mass at cathode is due to deposition of
Cu=22011g

Mole of Cu deposited at cathode = % =0.3466

i-t

Equivalent of Cu and Fe dissolved at anode = 36500

140x 482.5
=———===0.70
96500
0.70

.. Mole of Cu and Fe dissolved at anode = = e 0.35

(both Cu and Fe are bivalent losing two electrons)
Mole of Fe dissolved at anode = 0.3500—0.3466 = 0.0034
Mass of Fe dissolved at anode = 0.0034 x 56=0.190g
Thus, anode mass loss of 22.260 g contains 22.011 g Cu,
0.190 g Fe and (Au + Ag)=(22.260— 22.011- 0.190)
=0.059¢g
[Fe —> Fe?* +2e; Fe®* exist in solution]

% Cu= 2222'02161x 100=98.88%

% Fe = g-zlggx 100=0.85%

Eq. mass of Cr '

_ Atomic mass

" No. of electrons lost or gained by one molecule of Cr

_52

6
(a) - 96500 coulomb deposit = 5—62 gCr
24000 coulomb deposit = 5—62 X gzggg gCr
=2.1554 g of Cr

(b) Also given, wc, =1.5g, i=12.5ampere, t=7?,
ECI’ = 52/ 6

24,

25.

26.

27 =

28.

Numerical Chamisr;y

_E-it |
~ 96500
1.5= 52x12.5x¢t
7~ T6x 96500

t =1336.15 second
Au®t +3e— Au
Cu?* +2¢— Cu

Equivalent of gold formed = Eq.of Cu formed
9.85 _ _Wou
197/3 63.5/2

w

& weu =4.763 g
_E:-it
Also w= 96500
_ 63.5xix5x60x 60
4763 = 96500
i=0.804 ampere
.o 1.307 _ 1
Eq. of Ag deposited = 108 0.012

Eq. of Cu?* lost = 0.0121

iz 10x2
. = =0.0802
Initial Eq. of CuSO, - 5H,0 24954

= Initial Eq.of Cu?*
Eq. of Cu?* left = 0.0802—0.0121= 0.0681
Mass of Cu2* left = 2-068 1; 63.54
=2.164g in 500 mL
Mass of Cu?* left in 1 litre H;0=2.164 x 2

=4.328 g/ litre
WY 01t
96500
87xix24x60x 60
1000= ———<="~ -2 9"
2x 96500
i=25.6ampere
Current efficiency = 2%76 x100=94.8%
Reactions
Anode : Mn?* — Mn** + 2
Cathode: 2H' +2e—— H,
NNays;05 = Mass,0, X 00. of electrons lost or gained
by 1 molecule of Na,S,0; (ie.,1)
: 283 —> 87 +2e
Megq. of I formed = Meq. of Na,S,0; used
=21.75%0.0831x 1=1.807
w w_ 1.807
or —x1000=1.807 LR T4 (1
E =% T 1000 ®
Also, Wil
8E 96500
1.807 _ ix2x60x 60
Thus, 09/ _ IXZX 00X 0D
n 1000~ 96500
i=0.0242 ampere
Meq.of CuSO, =50% 0.1x2=10  (Meq.=N x¥ mL)
or Meq. of Cu?* =10
Anode: 2H,0— 4H" + 0, +4e¢

Cathode: Cu** +2e— Cu
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w__it
News: E " 96500
and Equivalent of Cu®* lost
it
0.965% 1x 60 e
=V X IX = -4
~ocs00 ™ 6x10

., Meq. of Cu® lost'= Meq.of H* formed =0.6
. Meq. of Cu® leftin solutxox; or Megq. of 0:804 left in
solution=10-0.6= 9 4
[Cu 2+ ] Cuz' - 9 4
50%2

[’.‘ N= M+eq]
Volume (mL)

N
HY]=—H" _06_,
[H] 1 50 0.012M
(SO} 1=0.1M
Since SO3™ does not take part in redox change.

Also if Cu electrodes are used, no change will be in the
molarity of electrolyte, ie., 0.1M.
Since, the reactions are Cu?* +2e — Cu
Cu— Cu® +2
Eq. of O, = Eq.of Ag
b B8 &
8 ¢
sz = 8g
750

T= 298](, P—%(—)atm

=0.094M

29. (a)
1 mole Ag=1Eq. Ag)

w
=—RT
Now PV i

8 . 0.0821x 298X 760 _ g 59 itre
=32 750

(b) Eq.of O, =Eq.of Ag=

Vo, =

108
_ 8x10* x108

6.023%102 x 108
(- 6.023x10% atoms or ions) =108g Ag

=8x0.133=1.0648
1. 064x00821x298x 760 _ 0.824 litre
32x 750
30' i =§E=
Mole of H, reacting 224 3
Eq. of H used =3x2=6
w__it .
E 96500’
i =643.33 ampere
Also Eq. of H, = Eq.of Cu formed
& Eq.of Cu deposited = 6
Weu =6x§i—'5=190.53

=0.133-

Voz =

_ix15x60

Now 96500

Mass of Cu deposited =190.5 g

3L Watt =ampere X volt
200 b,

Ampere = —— 110 R
E-it
96500 -
654x200x3 %60 1,109
=00 AR~
Wan = 2% 110x 96500 ’

32, - Sp. heat x atomic mass = 6.4

Now w=

: =54 _296
Atomic mass.of metal 0216 29.63

After electrolysis_ \

of metal = Eq rof Cly
Eq w tnass of Cl;

atomic mass/n = Eq. mass of CI;
7.467xn _ 71X 9.2
29.63 22.4%x35.5

- 22.4 litre of Cl, at STP weigh=71g \6
Atomic mass _ 29 3

Vlency n

Eq. mass of metal =

n=325
n=3 (.'.
. Metal nitrate is M (NO3)3.
33. Eq. of O; =Eq. of metal
125_875
8 E
87.5x8 _
12.5 =36
Atomic mass _ 112 _ 2
Eq. mass 56
E-i-t
96500
— 56X 5% 60x 60x0.965
96500

nisinteger)

Emeul—

Valency of metal =

Now by electrolysis: w=

=10.08¢

34. E it
"o = 56500

3= 63.5%ix2x60x 60
2% 96500
i=1.266ampere
Current efficiency
Current passed actual :
P sotvally x100

= Total current passed experimentally
= 1266 100=422%

35. (a) Anode:
Cathode:

201" — Cl, +2
2e+2H,0 — 20H™ +H,

_ E-i-t
(b) W‘Tsloo  wa, =10% g, Eqy, =355
10° =—35‘150 )(;>2<59)6(56(?0X' +.+ Current efficiency = 62%
1=17537483sec. |.. i= 23X 62
100
t=48.71 hr
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(¢) Eq.of OH™ formed =Eq.of Cl, formed
_10®
355
Mole of OH™ formed = 28.17 (.~ monovalent)
[OH"]=__mole __28.17
Volume in litre 20

=1.408 mol litre™’

=28.17

36. i = 1.70x 90
t 100 ampere

2+ _ it
Eq. of Zn** lost = 36500
- L.70x90x 230
100x 96500
Meq. of Zn?* lost = 3.646
Initial Meq. of Zn?* =300x 0.160x 2
=48x2=96 [+ Mx2=N forZn?*
Meq. =N X¥in m1y]
Meq. of Zn?* left in solution = 96— 3.646 = 92.354

_92 354 _
[ZnSO,4]= %300 0154M

37. Electrolysis of SnCl, ylelds.
Anode: 2CI" — Cl; +2¢
Cathode: Sn?* +2—— Sn

Further Cl, formed at anode reacts with SnCl, to give
SnCl‘

=3.646x107

SnCl,; +Cl, — SnCl,
During electrolysis
Eq. of SnCl, lost = Eq. of Cl, formed
=Eq.of Sn formed

0.119 -3
==—==2x10
Eq. of Cl, formed 119/2 x

Eq. of SnCl, formed = 2x 107
or Egq. of SnCl, lost during electrolysis = 2x 107

Now total loss in Eq. of SnCl, during complete course =
Eq. of SnCl, lost during electrolysis + Eq. of SnCl, lost
during reaction with Cl;

=2x107 +2x10'3 =4x10"°

Initial Eq. of SnCl, = 90/2—2x10‘

~. Eq. of SnCl, left in solution =2x 10"~ 4x107=0.196
Eq. of SnCl, formed = 2x 10~ = 0.002

) 190
Mass of SuCl, left__ *196% 5" 1 62 7134
Mass of SnCl, formed 0002)(% 0.26

318
38. Eq. of Cu deposited = @62 =1

» Eq.of NaOH formed = 1

or Meg. of NaOH formed = 1000

However, 600 mL of 1N NaOH is formed

i.e., Experimental yield of Meq. of NaOH = 600x 1= 600

%yield-%%%xloo 60%

Numerical Chomm,y
39. Anode reaction: X
(l) 2H, SOy — Hz SzO' +2H" + 2
(ii) 2H,0— 4H" + 0, +4e

Cathode reaction: 2H,0+2e— 20H™ +H,
Equivalent of H,S,Og + Equivalent of O,
= Equivalent of H,
22.4 litre H, =1 mole =2Eq.

9.72 litre Hy = 2—’2‘%‘7—2 Eq.=0.868 Eq. H,

22.4 litre O, = I mole = 4 Eq.

2.35 litre O = %2% Eq.=0.42Eq. O,

Eq Oszszog - Eq of Hz = Eq of 02
=0.868-0.420=0.448
WH15,08

=0.448
194/2
0.448x 194 _
WH,S,05 = ——2_ 43.456 g

40. For I part of electrolysis :
Anode: 2H,0 —— 4H" + 0, + 4e
Cathode: Cu?" +2¢—— Cu
Eq. of O, formed = Eq.of Cu

0.4x2 -3
= =12.58x10
63.6 12.58x

For II part of electrolysis : Since Cu® ions are
discharged completely and thus further passage of current
through solution will lead the following changes.

Anode: 2H,0— 4H" + 0, +4e
Cathode: 2H,0+2 — H, + 20H"~

Eq.of Hy= Eq.of O, = ﬁo = %’ =5.22x107

- Total Eq. of O, Eq.of H, =5.22x 107
=522x107 +12.58x10™ |-. 2 Eq, of H, at NTP
=17.8x107 =224 litre

4 Eq. of O, at NTP 5.22x107 Eq.at NTP
=224 litre

17.8x107 Eq. O, at NTP

_224x522x107
_224x17.8x107 -
4

2
=58.46 mL

litre
litre
=99.68 mL
Total volume of O, + H, =99.68 + 58.46 =158.14 mL
Note: IfCu?*isas CuCl,, thenCl, will come out in I step and
H; and O, in II step. Calculate their volumes.
41. CsHsNOz +6H" + 6e —> CsHsNHz + 2H20
N** +6e—> N"
Eq. mass of nitrobenzene = ? = 1—63
Now =Eit
96500

(v current efficiency is 50% .. i=—)
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42.

45,

. Anode:

123= 123Xixt x50
6x100x 96500
R ixt=115800 coulomb
Now energy used = O XV =115800x 3 =347.4 kJ
[Ans. 42573.5 coulomb, 298.014 kJ]
2A13" +12¢ — 4A1°

Cathode: 3C—3C* +12

(no. of electrons involved in change = 12)
—AG° = nFE°
1370%10° = 12x 96500 E°
E°=1.1830V
Adding the charging and discharging reactions
Pb + 1)!702 +4H" +2S0}" — 2PbSO, + 2H,0

Nuyso, =Muyso,  (since 2802 requires 2 electrons)
i.e.,, Normality = Molarity

Before discharge
M = 39x1.294x1000 |,
HaS04 98x 100 H2804 = " 98100
=5.15 =2325
Mole of H,SO, = 5.15x 3.5 |Mole of H,SO, = 2.325x 3.5
=18.025 =8.1375

After discharge
— 20x1.139x 1000

Mole or equivalents of H, SO, used
=18.025-8.1375=9.8875

w_ _it
E 96500

i-t=9.8875x 96500

=954143.75 ampere sec. = 265.04 ampere hr
Before electrolysis:

Volume of solution =11litre =1000 mL

Mass of solution = 1000x1.261=1261g

¢+ w=Vxd)
34.6x 1261
Mass 0szSO4 =T- =436.306g
o Mass of water = 1261—436.306 = 824.694 g
After electrolysis:

Now during reaction mass of H,Oformed =X g

Mole of H,O formed = %

Mole of H,SO4 used = llé

(-~ moleratioof H,S0,4 :H,0::1:))
Mass of H, SO, used = 9%‘- =544X g

Mass of H, SO, left = (436.306— 5.44X)g

Net mass of solution = mass of old solution +
mass of H,Oformed —mass of H,SO, lost
=1261+X 544X
) . 436.306-5.44X _ 27
+ %by mass of new solution = 756155 24X) ~ 100

o X =2259¢
221—:9 mole of H, O are formed

47.
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Mole of H,O =Eq.of H,0
(- 2H, O consume 2 electrons)
Now 1 mole of H,O formed by the passage of 1 Faraday

% %:9 mole of H,O formed by the passage of

=22.59 Faraday
18

=1.255 Faraday

. Milli equivalent of RNO, = 300x 0.01x4 =12

Milli equivalent of [H" ] consun.ed = 12
or Milli equivalent of [OH™ ] generated =12

Let a mole of weak acid and b mole of its conjugate base are
present, then
a+b=050

Salt
pH=-log K, +log [Salt]

[Acid]

5.0=+4.7442+ log%

Also,

.18

a
a=0.1786
b=03214

OH™ generated will increase the concentration of 4~ ion

OH~ + H4— H,0 + A4~
Meq. before reaction 12 178.6 0 3214
Megq. after reaction 0 (178.6 - 12) (321.4+12)
0 166.6 3334
3334
H=4.7442 + |
K 8 166.6

=4.7442+0.3013 =5.0455

Atcathode: 2H" +2—— H,
At anode: 20H — H,0+ 2+ % 0,

Equal equivalent of H* and OH™ will be discharged at
anode and cathode respectively.

w_ it

E 96500 A
w_1.25x212x60 _ -1

£ 96500 - 1.65x10™° M )

) (
Now for buffer mixture at anode, [H" ] will increase by
1.65x107" M.
2~ + A -
HPOZ™ +H' == H,PO;
1 0.165 1
0.835 — 1.165
[HPO?"]
[H,PO]

0.835
H=2.151 =2
P T
For buffer mixture at cathode, [OH™] will increase by
1.65x107" M.

H,PO; + OH” ==HPO;" +H,0

1 0.165 1
0.835 — 1.165

pH= pKa + log




pH=2.15+log M-z.zgs

48. Volume of Cu?* jon deposned on plate )
P (Area x thickness) =10 x 10 x 107 =1cm?

Ly Massof(mz dcpos:ted—le 9%g

Now : S E.ip, oy
96500 '
_ 63.6x0
"~ 2x96500
E i 0=27129.2 coulomb
= X 8.46x 8x
49. wag -m 96503 60x60 _57218 ¢

Volume of Ag = 21%-518 =2592mL

25.92
0.00254
E-i-r _108x40x10™° x32x 60 g
96500 96500 =85.95%10

Surface area =

=1.02x10* cm?

50. wy, ==L

(1)
Now covered area is 43% of cathode surface. Let total area
of cathode be acm?.

_ 43a
Covered area = 00

5.4x107'% cm? is covered by one atom of Ag
43a 43a

—— cm? is covered b =—————— atoms of Ag
100 Y T00x5.4x107

Mass of Ag atoms covering this area
= 43ax108 (2)

100x 5.4 x 1076 x6.023x 103
By Egs. (1) and (2), on equating, a=601.65 cm?

51. (a) H, — 2H" +2 »
Eop =Eop - 0'25910810 %
=0- %59 log o (0'22)2
Eor"”‘ =+0.109 volt
(b) Fe—> Fe?* +2¢

Eop =, EéP = 0'259 108 lo[Fez‘]

=0.44- 0'259 logy0[0.1]
=+0.4695 volt
Eor, Ferbe?*
(c) 2CIT — Clz +2e

Eop =Ep=2 > 10810

=—l.36—0'%5910g,o

=—1.448S volt
Eorq -_— 1.448

Numerical Chemistry

H, —2H +2¢

52. (a) ,
0059, [H]
Py,

=E,
Eor, H/H™ P 2

2
0.25= 0—9";ig 10810 [Fr—ll

~+log [H" ]1=4.237
(b) Solve fccordingly: pH=5.08 . .
Note: No change in calculation if any strong acid producing
H' is given. .
© Cry0 +14H* +6e — 2Cr”" + TH,0

[Cr,OF JH"]*
[P

g
E=133+ "-‘;59 log !

[l

= 1.33+—°-%59 log 20x10°%

pH=4.237

E=Epp o +3%5210g

- l.33+0'—%5—9-[log 20-28log 10]
= 1.33+¥[1.3010— 28)
=1.33-026=1.07V

53. (@) For 2Ag™ +Cd —> 2Ag +Cd?*
* Ag" shows reduction and Cd shows oxidation:
. Given,
. E. o
cell = EoP carca®* ERP“‘, =+080V
O b =—040V
= +0.40+0.80 Toa s
=1.2 volt Eopmla » =040V

() Also E.y = Egp, +Egp,,

1 0.059
T logo [Cd** ]+

af 0A059 +12
Er ., +2%10g,, [Ag"]

2+

0. 059 095945, 128 _] [A82+ ]

[Cd™"]
Thus, if [Cd** ] is reduced from 1M to 0.1 M, the net
value of E,; will increase or become more +ve.
Most important: For Solving the problems on emf
of cell, one should see £ values for two changes and
should write oxidation at the electrode having more or
+ve Egp and reduction for other.
Also ° °

Epp = EOP + Egp
(one which shows oxidation) (one which shows reduction)

or Eeq = Eop, +Eppy, +
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s4. (i) Egp for Cu/Cu? =-035V
Egp forZn/Zn? = +0.76 V

More is E;;p, more is tendency to show oxidation and
thus Zn will oxidise and Cu?* will reduce.
Anode: Zn — Zn* + 2
Cathode: Cu?* +2e— Cu
Cellreaction  Zn +Cu?* — Zn?* +Cy

@) Also E.p =Eop, o +Ewp s,

0.05'
“EOP 20202t = 29

logo [Zn?*]+
ERPC\:”/C«
2+
ooss>loglo [Cu®]

2 [Z 2+

+ 099105, (cu?)

=Eop

o
+E
Zn/zn?* RPeut oy

=076+ 0.35+&259 1og1o -}
Eull =1.11 volt
2+
(iii) Also [Cu
(Zn 2*1
To make cell reaction spontaneous; E.,; = +ve

2+
or 0059|08|OEC“ ;> -1.11

Eop =111+ == 0. 059 log o

2

(™), 222
1 0.059

or logy [Cu®*]>-37.627
[Cu?*]1>236x107% M
(iv) The displacement will almost go to completion.
§5. Given,

or logyp

CellI:  Zn|ZnSO,||CuSO,|Cu
C Cz
0. oo [Cu?]
Eeen = Ecap +="1o,
cell = Locell 4 [Zn TS ]
Epy = Eoyy + 29 06 log 2+ C’ (1)
Cellll : Zn|ZnSO,||CuSO4| Cu
ci ch
Egy = Ecoy +=5= 03 610g %l (2)
IfE .y > Ely then E oy > ELyy =0.03 Vgnd C,=05M
. ByEgs.(1)and (2) 0.03= M]eg o
C;=005M
56. For the given cell,
Anode: Zn — In* +2
Cathode: Cu?* +2 — Cu )
o 0059 [Cu®")
and Ecy =Ecan +-2—1°8|o ——[an*] (1)
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y=c+mx ..(2)
Eq. (1) represents a straight line equation like Eq. (2)
Thus,  Ey = intercept =110V
Now from Eq. (1),

Eoq =1.10+ 2952 0‘;59103 901

01
=1.10-0.0295=1.0705 V
57. 2H' +NOj +e—> NO, + H,0;
TH + NOj + 6e — NH,O0H + 2H,0;
Since Egp of both are same
E

E°=0.790V
E°=0.731V

”No;moz =ERPN05/NH20H
. 0.059, _ [H']* [NO3]
or E”mslmz + 1 log———[NOZ]
-E 40059, [H')" [NO; )
= “Rhosimaon | 6 [NH,OH]
or o.790+%59103 H =o.731+&659|og =7

or  0.790+0.118log [H* ]=0.731+0.0688log [H" ]

or ~log [1"{‘{]=_0—'0_5922=1.1992
pH=1.1992
$8. The emfof given cell = Eop g e YER G el
0059, [Fe™]
or Ey = Eopl-‘:”/Fe” -Tl 8 [Fe”]
) 0059, [Ce*"]
RFce+ jcotr 1 [Ce:“]
. . Ce** J(Fe*
=Eop, g0 psr ERPL4s o 30 + 2059 10g | 3*][ e”]
o o /Ce 1 [Ce ][Fe ]

=077+ l.6l+—0'(:59 log 1

) E“” =084V
Thus, Pt)Fe’" / Fe™* acts as anode and Pt gy, Ce** / Ce®*

acts as cathode. The electrons flow from left to right and

thus current will flow from right to left. The current strength
will decrease with time.

59, * Ni— Ni** +2
2H' +2e— H,

Eop =0236V
Epp =0
" Eoq =0.236
?
0059 10616 [H" ]
Ni?*)
0=0.236+ 2059 25910310 H']?

Eop =Eoqy +232

or —logH' =4 . pH=4

60. E.u =%”losm Ke

=E +
Ecan = Eop, 30 o 30 +ERp g0 o 3o

=-0.68+144=0.76 V



logyo K¢ = :62‘;: 12.8814

Kc =7.6x10"
61. For the change 2Fe’ +3I" ==2Fe?* +I;, at
equilibrium, £ =0
E=E°—¥logm Kc

0.059
E°=
2

or

Also

E .y =Ejg +E,
cell RP, Fe3* /Fe2* 0)=l_”5

logyo K¢

=0.77-0.54=0.23V

Thus, 0.23= 0-259101;,0 Kc o Kc=626x10"

62. Given, In** +2e—n*; E\ =-042V ..(1)
h* +e—sm*; E=-040v (2

By subtracting Eq. (2) from Eq. (1) a third half-cell reaction
can be obtained as:

where E3 X1XF = Ey X 2X F - Ej X IXF
or Ej3 =2x(~0.42)- 1x (~0.40)
=-044V
=-044V
E;=0.15
E; =+0.44

In** +e—s 2
For the reactions: Cu?* +e—— Cu*;

¥ I te

In
The net redox change:
Cu? +Im* — cut +In?;
Eoy =Eq+E; =0.15+0.44=0.59V
° 0.059

Also Ecel = lOg Kc
0.59=%59 logKe - Kc =10"
63. Pt|CuCl||CuCl, | Pt
Anode: Cut —> Cu* +e; Epp=-0.153V
Cathode: Cu”* +e— Cu; Egp =0.518V
Redox: 2Cu* — Cu?* +Cu

Ecur =Eop . o +Ene, . =-0.153+0518=0365V
/

AISO Eo = 0(:59 lOg KC

0.365= @ logKe . Ko =1.50x10°

64. The redox change is
Zn + Ni** =Zn% +Ni

mM before equilibrium 500 0
mM at equilibrium a (500-a)
Ecen =Eop, ., 20 +Erp 20,
2+
-E . +0.059 Ni™"]
Eull _EZn/an‘ +ERPN12‘/NI 2 ]0810 [an*]

Numerical Chemisrry

At equilibrium E.; = 0

Eorz”uh +ERPN11+,N == 2 [an*]
__0.059 [Ni**)
or 0.75+(-0.24)= -Tlozuo [TZ*]

MNiz*]_ . (_0.51><2)=5l -1
[Znu]‘“‘“bg 0059, )Xl

=5.15%x107"

500-a
a=500x5.15x107"8

- [Ni2+]__m,fi = &(’%‘L =5.15x107"% p

65. ForCuOH);, K, =[Cu?*][OH ]?
[H']=10" ; thus[OH ]=10" =1

K -19 )
Therefore, [Cu?']=—2—=L10X10"" _) o550~

Now Egp for the couple Cu?* / Cu is
Epp =Epp + 0'259 log o [Cu®")

=034+ 0-259 logyo [1X107'°]=—0.2205 V
66. K, of Agl=[Ag" ][I"]=[Ag*1[0.05] ()]
For given cell Ec,,, = Eop“ +E, RPag

=Eop O it 10810[A8 lLus. +ERP o
+& 059 log o [Ag”" Jrus.

E = 05910g (Ag” ]luls

. [Ag" lLus.
Eo’uw —_E”A. Iag
0788= 2059 00, __005

[Ag " L.
[Ag" JLns =2.203x 10715

ByEq.(1), K, =[2203x107"3][0.05)
Koppg =1.10x107

67. E.y =E, +ES w0 0.059, _[Ag" Jrus.
T gt TR pg T logm—
ar 0.0860= °°59log (Ag" Irus.

[Ag" lLus.
Also, [Ag* 1L us. can be derived as

[Ag" 1=Ky, =V8.5%107". = 9.22x10° M

0.0860= 0. 0]59 log [AS ]R.H S.

9.22x10~°
[Ag" Jrus.
9.22x10™°
(A" Jrus.

or =28.68

=28.68x9.22x10° M
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Also for RH.S.,
[Ag*NCI" 1=K g,y
crj=Kona | 18x1070
[Ag"] 28.68x9.22x10°°
or [MCI"]1=68x10~* M
68. Given, Egp_,, &

=0337V .. EOPOAI(,\IZ* =-0337V
Ry s 0 =0TV Eop,,,\+ =079V

For E_; to be +ve; oxidation of Cu and reduction of Ag*
because

Ez;Pmo_z. >E°Pwu’

X Cu+2Ag" — Cu? +24Ag
The cell is, Cu |CuSOy4 (aq. ) || AgNO; (aq. )|Ag
Now, E.y =Eopwmz, +ERPA‘ -

2 _0.059 2+ 9.
e > logo[Cu ]+ERP“¢M‘

+098 10,4 [Ag "

0059 [Ag* )
lo
B0 ]

o
=F, +E
OF, 1cu2* RP 0,“

0.059 [Ag*]?
=E_y =-0.337+0.799+ T log o -[Cu =
Eey =0 at[Cu?]1=001M
0.059, ' [Ag"]®

log 1 001
[Ag*]=1.477 x10™° mol litre™
69. For the cell

0=0.462+——

Ag*
0IM
E.; =0.164V at 298.1(
+
+E”~*w
A

0059 iogis [Ag" Trus.

[Ag" JLus.

AglAg* (Ag,CrO; sol. saturated)l Ag;

We have Eu” = Egp““m.

0.l
0.059)55
1 (Ag* lus.

[Ag* ILus =1.66x10™ M ,
Now K, for Ag,CrO4 —=2Ag" +CrO,
K, =[Ag**[CrO} ]
Since,  [Ag*JLms. =1.66x10" M
1.66x10™ ,/
2

or 0.164 =0+

[CrO¥ lLus. =

'1.66%10™
Ks =[|.66x10"]2[ 2 ]

-3
K, =2287x107" mol”® litre
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70. The given cell is PtH, H’ Ag 2S04 (aq. )‘

saturated
The reaction are, Hz —2H +2

248" +2e — 2Ag
Thus,  Ecen =Eon, +Errp

0.711= o.799+%59los (Ag* )

1 _[0.799-0.711)x2 _

(Ag*1? - 0.059
(Ag*)? =107 . [Ag*]=3.2x107
" Now the solubility equilibrium is, .

Ag,S0, ==2Ag" +SO;

K, =(Ag*)? (80})
-2
=(3.2x1072)? (%) =1.6x107°

[Note: Thatif[Ag*]=3.2x 1072, then
[SO3 1= -xszxw2 ]
71. For Zn electrode || calomel electrode
EoPom =—0.28V; Egp,... =+028V
Ecn = Eopb 122 + E RPcatomel
1.083=Egp, ., +0.28
Eop, ,, 2. =1.083-0.28=+0.803 volt

Now for Cu electrode || calomel electrode
Ecn = Eopm y

log

2+ +ERP Calomel
o

-0.018= EOPCuImz" +ER.PC|.Iou=l

E,
OFcuicu?

Now forZn electrode || Cu electrode, i.e., Daniel cell
Ecy = Eop, 75

=-0.018-0.28 = —0.298 volt

» +Eap /o
=+0.803+0.298 =1.101 volt
72. Consnder an electrode of Has
g = " 2H" +2e— H,;

E R.PH = 0
Givenelectrode is  2H,0+ 2 — H, +20H" ;
Epp =—0.8277V

"+ Egp for H,0> E_p for H.
The cell reactions are:

Anode: H, +20H" — 2H,0+2e;
Eop =+0.8277V
Cathode:  2H" +2e— H,; Egp =0

Net reaction is
2H" +20H" = 2H,0



73.

and K= L()]z
H')*[oH"
Thus, for 2H,0+—=[H;0") [OH)
K, =[H;0"][OH"]
1 2
K= [E] (1)
AlSO, Eaell =Eomz° +ERAI
° 2
=Eongy ~ 0'259 log,o O
" [Py, ][OH" )
° + 2
+E +0059, . [H']
RRn T 10810 P,
+42
Eoey =0.8277+ °"§’9nog.., ('Y -Py, -[OH T
Py, -[H,0)?
+42
Ecur = 0827740959 0g I OH'
[H,0)
- 0.
= 0.3277+%9 log 1o El
_ 0.
E.y =0.8277+ ‘;59 logyo [K,, ]2 byEq. (1)
At equilibrium, E =0
—0.8277=0.05910g o X,
0.8277
or I K, =-—
%10 0.059
or K, =935x107"*
For 2Hg + 2Fe* —=Hg2* + 2Fe®
Before reaction Excess 107 0 0
X -3, 5 95 -3 95 -3
After reaction Excess 10 XW 2x|00x10 leo
For cell at equilibrium
Ecer = 0=EOPH,/H.§’ +E”n"/re”
e _ 0.059 29,50
O-EOPH.IH.;" 2 10810[H8; ]+E”Fe”ll’cz‘ +
0059, [Fe' I’
5 10B10 —5r 3
2 [Fe™]
[FCM]Z

° 0.059
=E, +0.77+ lo
0 oPH',H‘;. 2 210 [Fe2+]z [Hgi*]
(% E"’r.l'/sé* =-0.77V .. Eﬂhhmb =+0.77V)

° - _0.059
orEo,.wu‘g‘ =-0.77 = logo
2
5 -3
—x1
[loo" g ]

95x10~ | [95x 107
100 2x100

=-0.792V

Numerical Chemisty,

MnOj; +Fe** —— Mn?* + e+

74.
Initial conc. 0.1M
Final conc. 100 100
Ecen = Eony +E”m..1'muoz = 0+E”m’* IMnOF

The electrode reaction is :
MnOj + 8H" +5¢ — Mn?** + 4H, 0 (cathode)
o 0059, _[MnOz][H")®
ERP =ERPMB1*/M||OZ * 5 IOg[Tb]
0.1x10 ]
0.
0059, _100 ¥
5 0.1x 90
100
=1.51-0.099=1.411 ,V

o
3 ivi 1l E >E
75. For given ce 0P, 7.2+ [2 g

- Redox changes will be: Zn — Zn?* +2¢
2H* 42— H,

+E,
REy+

=1.51+

Ecell = Eopln Jzn?*

=Eop, ae ~252l0g1o [Z0 ™ 1+ Epp ,

[y
[Pﬂz ]

+0.059
2

log g

+12
0.701=0.760+ 2059 15g  [H'1°
2 (Zn"]

. 0.059 H']?
=0.760+ =22
= logyo (0]

[H"]1=0.0316 mol litre™!
Since, H* must be used by NaOH

Meq. of NaOH =Meq. of [H" ]
410)( 1000=10.0316x1000 (- ¥ =1litre)
N w=1.264¢g
At}:r a‘ddmon of NaOH to cathode solution [H* ] becomes
107" since both acid and base are neutralized completely.
Thus, new emf of cell,

0.059 [H*]?
log o ——
2 %810 o

-7 )2

Ecet =Eoy +

07604 0059, (10
2 0810 0.1
E . =03765V

76. Zn — Zn* +2¢ Epp =40.76V
t2n2*1=[‘0_';302°] (- Salt gives 20% of ions)
EOPz,I/ano = Eon,,,z..z~ - 0.259 loslo [Zn 2’]
_ 0.059 0.1x20
=40.76- 2922 e
2 10810[ 100 ]
Eop, ;. =081V (Zn — Za™ +2)

Epph,,/b =-0.81V (Zn? +2¢ — In)
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71. Anode:
(negative polarity)

H, — 2H* + 2

[H"]=10"% M
2HY + 2 — H,
H']— aM

Cathode:
(positive polarity)

+Egp

s Eqy =E
cell =Eop, .

_ _ 0.059 § o
=Eop, .+ =5 IOSloW]Mﬁ’E,,"’m

0.05
* 2 9105]0 [w]ém
20059, [ W
2 e,
011800590 [I'r]cma S [H*]c.m
2 (102 R
[(H" Jeathose =107 M
E =
78. cell EOP“M.' +ERPM./~
LHS.  RHS.
_ 0.059 .
-Eopwn, =3 log o [Ag”" ILus. +ERPA'+/~ +
0'059 log o [Ag* Jrus.
B 0059103 [Ag ]R.H.S (1)
: [Ag" lLus.
Now for LHS. K, o =2.8x107"
[Ag*][CI"]=2.8x107"°
+1_2.8x107"° _2.8x10™° _, 4 109 i
[Ag7] [ ] 0.2
For RHLS. K ppge =33x107°
[Ag*][Br ]1=33x107"
agh]=33x10™ _33X100 3345710y
[Br]
0.059 33x10° _ _5037v

* ByEq.(1) Eeur =—710810° 7"

Thus, to get E, positive, polarity of cells should be
reversed.

ie., cell is Ag | AgBr(s) KBrlAgCl, KCI | Ag and
E=+0.037V

0.2M

and CI™ at

0.001.M "
79. Let a and b are the concentrations of Br
equilibrium when £ oy = 0

Koppgs: _ 5%107™"
. [ + s, =
Ag" ILus Br ] =
4 K 1x107"°
(Ag' Jrus =——- =" —

[crj

0,059,“ [Ag Jens.

Also Eey=E, - +Ep/n* Thg" Jons

Ag/Ag
RH.S, LHS.

0.059, . 1x107" xa
D=0 5%107% xb
a._1
b 200
80. Ag,S+2e— 2Ag + 8%
(Ag™'), +2e— 2Ag
Er =Epp + 232105 (Ag” A1)
2 2-
Also Kl XKZ —[1[1{_[:]__
10?1’ (s*]
[o1]
or [s*]1=1.1x107'
Also K, .=2x10"% =[Ag* P [§*]
=[Ag* ]?[1.1x107'¢]
[Ag*)? =1.818x 107 -A2)
. By Egs. (1) and (2)
Egp = 0.8+ 0'259 log [1.818x107]

=0.8—-0.9658=—0.1658 V

- 11x1072 x1.0x107% =

Prs P

81. Ag— Ag* +e; E°=-0.7991V
Agl(s)+e—> Ag +1; E°=?
Agl(s)—> Ag” +T
+ Eer =Eir,,,, .~ Plog(Ag 1+ Ep_
+009,0, 1
* Eqy=0 forAgl— Ag* +T .
0=-07914Eps +009%10g L
(A"
Exr =o.7991+°Ll59|ogK

=0.7991-0.059x16.07
=+0.7991-0.9481=-0.1490 V

8. = Eop?ez’lFe)" >E<?’ /C'g’
. Redox changes will be
Anode: Fe?* — 5 Fe3*
(LHS.)
Cathode: 14H" +6e+ Cr,02" — 20> + TH,0
(RHS)
E =Eop_,. e TERPRys .
- E 0059 i
B Eopre"/r." log,o Lo "’ERP._“_‘
[Fe®* )¢
#0059, (003 10y

[ p?



83.

84,

8s.

=-0.770- 0010, 075“35\\0059“,g @x"

0.5
=-0.770-0.0104 +1.35+(~0.0089) = + 0.56 volt

0.059 [Zn?*]
5 log o P

OF

E(vll =Eom +ERPZn1'IZa +
~046=0-0.763+ 2059, (03]
2 (H')?

~ [H']=4.0x107¢
(H"][S07"]

[HSO3]

HSO; ==H" +50%"

The dissociation of HSO; is suppressed in presence of

Now KZ =

86.

Numerical Chemistry
: . 0.059 1H,0] |
() Ecat =EoPreireo ~ 2 log1o [OH™ ]2
. 0.059 [H,0]
Ernir0umio T log o —2
RPNi203/Ni0 2 [OH- ]2

= E(;ﬁ’elFeO +Erpyi03mi0 = 0.87+0.40=1.27v

(ii) The E,, is independent of OH™ ion concentration,
(iii) —~AG®=nE°F =2x1.27x 96500
=2451101=245.11kJ

CH,CHOJ[H" J?
AtpH=7: E”_E”+uos9log[ 3 J[H"]

[CH,CH,OH]
~0.197= E”+0(;591 &1)2"1
-0.197= E,up+°°59x( 14)
Egp =0216

. .Again when pH=6

0=E,

SO} due to common ion effect.  Thus
[So§‘ 1=6.44x10™ M and [HSO3 ] = 0.4 M
-6 _3 =
K, =AXI07 X644%107, ):)64‘44)(10 =6.44x107*

E“" =Eo& +Ekhh

=Egp, - 0‘259 log o [Sn?" |+ Epp, +

0.(;59 log 1o [sz+]"-» 87.
- - 0059,  [Pb¥]
=Eon, +Eppy + 2 log o [Sa] F Homve s
2+
=0.136-0.126+ 2810, Lo
[Sn*™"]
0059, [Pb™]
=0.01+ 2 log o (S z+]
b2
Atequilibrium, E.; = La 2+} =0.458
Thus, till [Pb ] > 0.458, cell reaction exists,
[S n?
[Pb**)
and it will be reversed when <0458
(Sn**]

i.t., E“” ==Ve .
Given, E;eOIFe =-0.87V; " ENizO]/NiO =+040V

Ergreo =+0.87V; Exioniz0, =040V
Since, Egp for Fe/FeO > Egp for NiO/Ni,O; and thus,
redox changes are,
Atanode: Fe(s)+20H™ —— FeO(s)+ H,0(/)+ 2¢
(oxidation)
At cathode:
Ni, 05 (s)+ H,0(/) + 2 — 2NiO(s) + 20H"
(reduction)
Redox reaction:
Fe(s) + Ni; 04 () — FeO(s) + 2NiO(s)

by

(107%)? x107°
107
=0216+ 0-‘;59><(-12)= 0.216-0.354 =— 0.138 V

Egp = Egp + 0'259 log

.For the given cell, at equilibrium, the reaction is

Mg +2Ag" = Mg?" +2Ag

Ecau =‘0=J.50"'~lumz+ i,
_ 0.059

2+ °
OF, i > log,o [Mg ]+ERP~¢,“+

R 0.059 a2

5 logo [Ag™]
[Ag*)?
Mg*]

cezzo

+0.059

iAG 2 logyo

Me/Mg 2 +ERPA"

_ 0.059
0=2.37+0.80+ 2 logwé

1
1 —_——
0810 K 107.457

or
and

log 10 Ifc- =107.457
Erq =237+080=3.17V

bNow maximum work that can be obtained by cell is given
y 2

-AG° =
W g = —AG°
=nE°F =2x96500x3.17=6.118x10° joule
=6.118 x 10% kJ
(i) In 8M H‘ solution, conc. of all other species is unity.

p = Exp + 298210, (1" ?

= 0.78+0.05910g o (8)* = 0.78+0.1062
» =0.8862 V
(u) In case of neutral solution; concentration of
[H']=10"7 M and conc. of all other species are unity, then
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0‘(:59 logyo [H' 2

0.0: o
= 0'78+_159 logye (1077)2 = 0.78+ (- 0.826)

=-0.046 V
89. Initially Ea.h .

Epp =Epp +

=F° 0.059
=Lfar i +Tsl°8[0lz‘]

= 0.344+()"L259]os []]= 0.344 v
EBi"’ B = 0_226+ng log [Bi** ]
= 0.226+0L359l.,g 1=0266V

Thus, passage of current would initially deposits Cu2* till
E o, becomes 0.266 V because then only, Bi** will be
deposited.
g 0.
Thus, Eqo oy =Equae i, + 259 log [Cu®")
0.266= 0.344 +&259 log [Cu?*)
[Cu*1=10"* M
90. The half cell reaction is,
MnOj +8H" + Se— Mn?* +4H,0

* Eruoiimat = E;anoz/mb + 0'0559 log o _[Ml:::n]z[}{]' ¥
or Egp = Epp +0.011810g,, #

a Epp =Egp

If H'=10"

Then  Egpp =Epp +00]l$log,ol—x-(l—(lr‘—)s

Epp =Epp —038V
ie., the couple MnOj; / Mn?* shows a decrease in its Ep
by 0.38 volt or an increase in its Egp by 0.38 V and thus less
oxidizing power.
91. The cell reactions are:
Anode:

Cathode:

Hz——)ZH“"k
2Ag" +2e— 2Ag

+92
P
. < 0059, [Ag"] -Pu,
Thus, E.y =Eon,, +Erpy +Tl°310 H

or  0.503=0+0.80+ o.gs9 log 1o [Ag " 1?
or  [Ag*]=9.25x10° M .

35
* Mole of Ag* in 350 mL = 9.25x 107 7700

350
. Mass of Ag* in 350 mL = 9.25x 107 x 7755 108
=3497x107% g
3.497x10™ | 100=0.033%

1.05

. %of Agin 1.05 g alloy =
% of lead in alloy = 99.967%

92, Eqp is more for Pb and thus,

93.

Anode: Pb— Pb?" +2¢
Cathode: Hg}' +2¢ — Hg;
Cellis Pb| PbSO, || Hg,804 [Hg
saturated || saturated
0089, 1187 )

Also,  Eoy = Eopy, +Epny, +=5 108 (P )

Eopy, =0.126V and  Epp, =+0.789V
andfor  PbSO, === Pb*" + S0}

K,, =[Pb* (SO | =[Pb*'

or [Pb”]-m-\/z.ﬂxlo"‘

For Hg,S0, == Hg}" + S0}
[Hg?* 1= /K, =v1.46x10™
o s 0.059,. . ¥1.46x10% _ 0001y
« Econ=0.126+0.789+ === log ~=————==0.
2 v2.43x10°*
) e 0.059 +
Epgting =Engting * =T 10810[Ag” ] A1)
Also, Koppy =[Ag71(I"]
[Ag*]=[I"] (for a saturated solution)
(A8 )= Ky =V8.7x1077 =9.32x107 ..(2)
= BYEQ.(1), Eyyo =079+ 9910, (9.32x10%)
=0.799-0.474 =032 V
Also, Ag — Ag* +e; Eop =—0.799V
Agl(s)+e— Ag +1-
Agl—=Ag" +I~
. 0.059 e
. E.y =E <3057
cet =Eop, . 1 log [Ag ]+ERPI_/MM‘ +
mlog¢ -(3)
1 "l
' Egey = 0at equilibrium, thus, from Eq.(3)
. . _ 0.059
Eop,, 0t *Erp i = T log [Ag* ")
_0.059
e logK,pM
0Ny = —0-‘:59 log 8.7x 107"
or ERegiay =—0948+0.799=—0.149 v
AB()+ 50l (8)— AgCI(s);  AG; =109y (1)

Ag(s)— Ag*(ag.)+ ¢ AG: =+77KJ w(2)
_;m,(g)»f e——Cl (ag.): 4G =-129k1 . (3)



By Egs. (1) - (2) - (3),
Ag* (aq.)+ Cl™ (ag.) — AgCl (s);
AGy =~109-77+129==57kJ
-AG®=nE°F

57%10% = 1x E°x96500 .. Eoy =059V
Thecellls Ag | AgCI(9)(|C1™ (aq.) || Ag* (aq.) |Ag
(Anode) (Cathode)
Iso, =E, - !
Also ECIII EOPA./A‘?I/CI' 0059log [C]_]
° +
E‘"’u*w +0.0591og [Ag*]

At equilibrium £, = 0, thus,

E pgiagciicr +ERFM¢,M =-0.05910g [Ag*][CI"]

Eco =-0.05910g Ky astr
0.59=~0.05910g K 4, pgcy
or K aget =1x10710 M2
Let solubility of AgCl be S, then
s=JK, =10 =10 M
Mole of AgCl in its 100 mL saturated solution
=107 x 100 _ 46

1000
co_ 6.539x1072 _ 3
= =

Mole of Zn added in i 65.39 10

For Ag —> Ag* +e; AG°=T7KJ
-AG°=nE°F

3
or E.  ,=Z1TX100 _ 4y

As/As" 1% 96500
For the redox change on addition of Zn to AgCl saturated
solution

Zn —> Zn?* + 2 Eop =+0.76 V
2Ag* +2¢— 2Ag Egp =+0.80V

Zn+2Ag" — Zn* +2Ag  E.; =156V

. 0059, [Ag']
= 202 0g 28 1
Also, Ecell Eczll + 2 g [Zn 2+]
At equilibrium, E_,; =0
2+
o 0059, [Zo7]
cell = 2 +12
[Ag"]
(Z0™"] _1.56x2_ 4, gg
log [Ag' ) 0059
2+
and =22 ) g 61x10%
[Ag”]

Since, K is appreciably high, thus, nearly whole of Ag * is
converted to Ag. Thus, mole of Ag formed = mole of Ag*
in 100 mL solution = 1075, Note that Zn is in excess.

Numerical Chem/s;,y
95.  Pty,(g)|HCl(aq.)||AgCI(s)|Ag(s)

) JH, —H' +e (Anode)

AgCl+e—> Ag +CI” (Cathode

Sy

(ii) —AG°=nE°F =1x0.23x96500= 2219517 (at 15°C)
~AG°=nE° F =1x0.21x 96500 = 20265 J (at 35° Q)
Also, AG° =AH® —TAS"®
; -22195= AH°-288x AS°

-20265= AH°-308x AS°
+ -+
AS°=-96.50]

—22195= AH° — 288 x (—96.5)=-49987]

& AH° =-49.987kJ

(iif) Consider the following reaction at AgCI(s)CI™ / Ag
electrodes

E .y = 0at equilibrium

Also,

Also, Eé,q_lmw +Egp, =0.22at25°C

E},ﬂ_lmw =0.22at25°C
Also, B\ cng = Enge/ag +0-059108 K,
or 0.22= 0.80+0.05910g K ,, pect

-10
Kspm =1.47x10

Solubility of AgCl = /K, =v1.47x107°
=1.21x1075 mol litre™
96. When two half reactions are added to give an overall
reaction, the no. of mole of electrons involved in each half
reaction and overall reaction are necessarily the same, e.g.,
M, — MM 4 pye; ~AG, =mE,F
M7 +ne— M,; -AG; =nyE,F
M +MP — MM + M, ; ~AG; = nyE;F
AGy = AG, +AG,
n3E3F = nE\F +n,E5F
El= mE| +myE,
n3
m =n; =n;
. E3 = El + Ez
Also, when two half reactions are added to give a third
 reaction then ny # n, # ny,e.g.,
Ml -_ Ml"l+ + ne

M — M +(ny—n) e

or

Since,

-AG, =mEF
-AG; = (ny —ny )EsF
-AGy = myEsF

My — M +ne
AG; = AG, +AG,
n2EsF = E\F +(ny — n, )E3F
E _n,E; +mE, -mE,
L]
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97. MnO7 +8H" +Se— Mn™ +4H,0; E} =1.51v..(1)

AG) =-5X1.51xF =755 F

MnO; +4H" +2e— Mn™ +2H,0; £} =123 V..(2)
AGy =-2x1.23XF =246 F

Subtracting Egs. (2) from (1),

MnOjZ +4H" + 3¢ — 2H,0+ MnO,; Ey=?

or AGy = -nyE3F
AGj = AG, - AG;

=3E3F = ~7.55F +2.46F

E5 = =20221.70 vout

98. Given,Cu® +e— Cu*; Ef =015 V; AG, .(1)
Cu* +e—Cu ; E;=05V: AG, ..(2)
Cu* +2e—>Cu ; Ey=" AG;  ..(3)
ForEq.(1), +AG) =-nE\F =-1x0.15x F = — 0.15F
ForEq.(2), +AG; =-nE;F =-1x0.5xF = —0.5F
- Adding AG| +AG; = AG;
—0.15F +(-0.5F )= AG;
AG; =-0.65F
—nE;3F = —0.65F
- B “i-_;;,” = 0.325 volt
X =+0.325 volt
Now for disproportionation, .
Cut — Cu +e; Egp
Cut+e— Cu ;  Ere
2Cu* — Cu?* +Cu .(4)

E«II =E0PCu’/Cu1’ +E”

cut/cu
=-0.15+0.5=+0.35V

Since, E° of Eq. (4) is +ve and thus the reaction is feasi'.)le.

In other words disproportionation of Cu™ takes place, i.e.,

Cu* acts as reductant and oxidant both.

9. Fe— Fe?* +2¢; —AG, =2E,F (1)
Fe** — Fe’* +¢ -AG, =E;F .(2)
Fe— Fe’* +3¢;  —AG; =3E;F ..(3)

Subtracting Eqgs. (1) from (3), . .
Fe— Fe** +3e; -AG; =3E;F
Fe— Fe?* +2; —-AG, =2EF
= N & L
Fe* — 5 Fe’ +¢ -AG; +AG, =3E;F -2EF
(4

Comparing Egs. (2) and (4), . . .
~AG; =-AG; +AG) =3E;F - 2E\F

+E3F = 3EyF - 2E, F
5;——25;;51 or 35 =2E; +E3
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1 i some
100. During electrolysis some Zn2* will discharge and

101.

Cu?* will pass in solution
Thus, %= 048x10x60x60_ g

or Moleof Cu2* formed = Mole of Zn?" deposited= 009
or m mole of Cu?* formed = m mole of Zn>~ deposited
=90
; m mole of Zn?* left =100x1-90=10

m mole of Cu?* left=100x 1+90=190
Both are present in 100 mL solution of each

Now [cul’]
[Z0*7]

° ° 0.059
Ecet =Eop,,, 2. *Ere 20,0, =3 log o

0.059 190
=0.76+0.34+ 2 logso 10

E.y =1137V )
N:;te that given cell will not work as clmw :“ll
since Eé,b. > E;,M . The equation for electrochemical
will be:
Cu—> Cu?* +2
2Ag" +2e— 2Ag
Thus, emf of cell CulCu?"||Ag* | Ag will be

-2
o o 0.059 [Ag™ T
= =22 og g o
Ecet = Eopo, +Egpyg + 5 10210 [Ca® ]
v [Ag*]=IM and [Cu*]=1M

Ecen = E:dl + 0'259 log,o %

Ecn =ECy (WhereE., = Eope, +Ezp,,)
After the passage 0f 9.65 ampere for 1 hr, ie.,9.65x% 60x 60
coulomb charge, during which the cell reaction is reversed

thus, Cu®* are discharged from solution and Ag metal

passes to ionic state. The reaction during passage of current
are:

Cu? +2e— 5 Cu
2Ag — 2Ag* + 2

Ag" ions formed = 951’;3&;‘ 80 e =0.36eq =036 mol

Cu® ions discharged = 265X 60x 60
96500
=0.36eq =0.18 mol
Thus, [Ag" )ia =1+ 036=136 M

[Cu™ )iq =1-0.18=082 1

Thus, new cell is Cu| Cu® || Ag* | Ap
0.82M1 [y 3g arl

_p° L 0059 (1.36)

Thus, E“” = E«" +T lof 10 (—Oﬁ)‘

=E . +0.010 volt
Thus, E o increases by 0.010 V
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102.

103.

104.

108.

Cu®" +4NH; ==[Cu(NH, ),]**
K =1x10" = [Cu(NH; ),]** __10
[Cu® ]NH;)*  x(2.0)*
x=625x10"" M

Note that due to high value of X ; almost all of the Cu?*
ions are converted to Cu(NH; )2* ion

Now
=E: » 0.059 Cu?
Ecen =Eop, . . +Erp o0, +=5logo Zo®

=0.76+ 0‘34+0L259 log 1o [6.25 xllo-u]

Er:ell =071V
For I cell, half reactions are;
VH* S v* e
e+VH 5 3
VeV oy
E

' : (A)

cell =Eyre yas +Eue e A1)

For II cell, half reactions are;
V5 V" te

Ag* +e— Ag(s)
V¥ +Agt — V** 1 Ag(s)

Eea =E:/”lva$ *E gt agar

0.439=E s 50 +0.799

VJ+
or Evquv3$ =-0.360V or Ev"/vb =+0.360V
On substituting this value in Eq. (1),

Eoy =E vap +0:360

..(B)
-2)

V2+
E.; =0.616V

0.616=E,2. 30 +0.360

or Evz*/v&; =0.256 V or Ev’*,'vi; =-0.256

According to Gibbs-Helmholtz equation, heat of reaction
AH, given as,

- [r(5E) -5
AH_"F[T(ST A ]
T=273+25=298K,n=2,F =96500C,E =+0.03 V

SEY __ 4
and (5_T)r_ 14x107" V/K

o AH =2 96500[298 x (1.4 x 10™*) - 0.03]
=-13842 joule =—13.842 kJ mol !
For H, (g) + 2AgCl(s) + 2H,O(/) — 2Ag(s) +
. . . 2H,;0" (ag. )+ 2C1™ (aq.)
AGReaction = Gproducts ~ GResctans
= ZG;G (S)+2(;:np’ +a") 'G:iz _ZG;ﬁI (8)- 20;1;0

106.

Numerical Chamlsny

=0+2x(-368.4)—- 0—-2x (~109.7) - 2% (-237.2)
=-43.0k) . .
(. G°of pure element = 0,i.e., Gog =0and Gy, = ()

Now AG°=-nE°F
—43x10° = -2x E°x96500
E°=0.2228 volt 5
0.059 [AgCI())" Py,
= E°+ loj
Further £ B 210 [Ag(s)]z [H,0' ]2 [CI P
-+ [Solid] =1 R
0.059 Hy
=E°+ loj
SR R T T
0.059 1
=0.2228+ log
2 0.01)2(0.01)
=(.458 volt
For given cell reaction,
AG°=—-nE°F

AG® =—12%2.73x 96500 ]
=-3.1613x10° kJ

n=12 = 4AI° —> 4AI*" + 123]
[ 30; + 12— 60>
Now for given reaction,
AG® =4 xG7[Al(OH),]” - 6xG[H,0]-
4xG;[OH)
(Also note that G ; for elements is zero)

-3.1613x10° = 4x G ; [AI(OH), ]~ —6x(=237.2)—4x(-157)

107,

" Gy [AI(OH),]” =1303 kJ mol
AtLHS.:
From

CH,COOH+— CH,C00™ +H"*

[H']=Cxa=C ,(K—c“) =JX,C)
= J(1.8x10% x0.1) = 1.342x 10~ o litre™"

AtRHS.. From NH,OH+— NH} + OH"
[OH ]=Cxa=C (%)

= (K, -C)=4(1.8x10™° x0.01)
=0.424 X 10" mol litre™!

[H*) - OB 2.359x 107" mol litre™
0.424x10™
Note : See chapter 13 of ionic equilibria for dissociation of
weak acids and weak bases.

Now for cell -;Hz — H" +e Atanode, ie,LHS.

HY +e—s —; H, Atcathode, ie, RH.S.
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Ecen =Eop, ., +Epp,,,

e 0.059 [H lLus,
-E_ wet 1 T logwo [Py, ]2 + RPH+,H+
0(;59108 [H* [H Irns.
[Py, 11/2
0059 [H']
222 og o ——RHS. (. Py, =1atmon both sides)
H I us.
_0.059 059 2.359x 107"
——log g === __ =_0.457
1.342x107* 3 volt

108. The cell is demonstrated as,
Pt Hy (latm) |HA, ||HA, | (H, )(1atm) Pt
ALLHS.: E 0959 g, [H° 1,

H/H*Y = Eopm",
-log H" =pH
Birn =E£,,Hm’ +0.059 (pH),

MRHS: Eyyp =Epp +°-‘:59 logyo [H'];

Byim =15;’,,.m/H -0.059 (pH),

For Acid H4, , HA, =—=H" + 4]
[H*]—c a=K,-C
(pH), -_PKa| —%losmC
Similarly, (pH), =-pKaz —5|°8|0C (- Caresame)
" E.u=Eop +Egp

H/HY for Il H*/H for 1

= 0.059[% PK2, ~ 16K, ]
=$g5—9[s—3]=+o.os9v

109. Use Ag— Ag* +e; Eop ==0.799V
Ag(NH; ); +e—> Ag +2NHs; Egp =17

» Ag(NH;); = Ag" +2NH;
0059, [ABNH1)i]

=E. lo
and  Eo =Eean ¥ OB b, T
Also,  E.a =0 v
and Eca =Eop, 0o +ER iy ine
E;[l = 0.(:59|ogw KC
= '0'(:59‘ log 10 6% 107 =-0780V
E =—0.780+0.799=+0.019 V
Ag(NH3)3 /Ag = 4083V
110, Use CO(CN)6 —_ CO(CN)6 +6 Eop =+0.
Egp =182V

Co*t +e— Co™*

Co(CN)§™ + CO" —= Co?* +Co(CN);”

111.

112,

113.

259

X 4-
0089, [
[Co™ ] [Co(CN)g "]

3+ “1[CN"1°

or Ece = Ecen +== 10810 [Co? ][Co(CN)™ J[CN"1°

Also, 6CN™ + Co?* == Co(CN);~

and E.y = cell =

[Co(CN);"]
and K, =
A~ lco? ) [eN" 1
and 6CN™ +Co>* == Co(CN)~
[Co(CN); ]
d Kp=———
an Hi= [COJ* ][CN ]6
K
059 i
Ecet = Ecan + 90 1 log,o '1?/—;

19 Sy 2
0=0.83+1.82+ 0-259 log o 'K—O)—(At equilibrium £ ey = 0)
2

=823x10“ . K, =823x10°

Zn —> Zn?" +2e

Zn* +2e—Zn

0'259 log (Zn** I ps. +

. Ecot =Eopy, —
Egpy, +mlog [Z0* Jans.

0.099= 2959 .og;-u_xlﬂ
[Za* )L ns.
Also, [Zn? ]LH,S_=1.69><10-7
[Zn**][CN" )¢
[Zn(CN)4 1>
==1Zn* +4ON"
_L69x1077 x (2.65 x 103)*

0.45
K =1.85x107"

N — N 4 2¢;

King. =

for [Zn(CN), 1>

. =—094V
2N 4 2¢ — 2N, E°=0.99V
or 3N — 2N+ NS
Eq = EOP"NO —_— *EpAmoyno

Eoy =-0.94+099=0.05
Also, E.y = %59 log K,
0.05= ‘L‘;?? log K,

& K. =49.53
Given,  Au’*(aq.)+ 3¢ — Au(y);
Epp =142V and Egp =-142V

H* +¢—>—;H,;
Egp =00V and Epp =0
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More is Egp more is the tendency for oxidation, thus in case
of above two half reactions.

3 —3AHY §5
&

Au* +3e— Au

-23-H2 +Au* — Au 430"

E°=Eop, +Epp,, =142V
Thus H, will reduce Au™* to Au (E_,;, = + ve)but HCl will
not dissolve Au (E :,,, = —ve for reverse reaction).
114. Cathode : Hg,Br(s)+2e— 2Hg(/)+ 2Br (aq.)

Anode : 2Ag(s)+2Br- —— 2AgBr(s) + 2e
Cell reaction:  Hg,Br, (s) + 2Ag(s)—> 2Hg (/) + 2AgBr(s)
Kl (B_E) = 0.070-0.066 _ .
T ), _“10 0.0004
AG =—nFE =-2x96500x% 0.068
=-13124J =-13.124 kJ
AH=-nF|E- T(a—E)
oT )p
=-2x96500[0.068—298x (.0004)]
=9881.6J =9.882 kJ
Also, AS =nF (gﬁ) =2x96500x0.0004=77.2J
115. '—;Hz—>H*+e
H +e— —; H,
B _0.059,. B &
Ecen _EOPH IH* ] [H 1 RP, HY/Hy
0.(:59 log [H+]
~0.188=0+0+ 29 10g [11"]
[H']=6.51x10* M
Now C6H4NH; + H2 ‘—C6H5NH2 + H30+
[H']=c-h or 651x10™=Lxh
h=2.08x1072
Also, Ky = ch?
Ky = 3l2x (2.08x10?)? =1.352x 107%
116. The net reaction for glven change will be
402" + 0, +4H" — 2H,0+ 8,0}
" Ecqy=Egp So2-/s20% +ERP0;/H;0

Eoy = -2.01+ 1.23=-078V
Since, E.,; is negative and thus oxygen will not oxidise
SO% 105,07 ™.
117. (a) More or +ve is the Epp more is the tendency for
oxidation. Therefore, since, maximum Ep stands for :

118.

Numerical Chemistry

Sn?* — Sn** +2¢;  Egp =-0.1y
Strongest reductant: Sn o
and Weakest oxidant: sn**

(b) More or +ve is Egp, more is the tendency for
reduction. Therefore, since maximum Egp stands for:
MnOj + 8H' + 5S¢ —> Mn?* +4H,0;

Erp =+1.52V
Strongest oxidant: MnOj

and Weakest reductant: MnZ*
Note : Stronger is oxidant, weaker is its conjugate reductant
and vice-versa.

(c) For (i)

=E,
Ecell OP, Fe2t /Fedt

B £ -+ Fe?* oxidises and
+ :
Fsa2150%* | 5n** reduces in change.

=-0.77+0.1

Eoqy =—0.67V
E .y is negative.
(i) Is non-spontaneous change.
For (i) Ece = EOPFJ‘/& +ERP1;/|“
=-0.77+0.54=-0.23 V
(ii) Is non-spontaneous change.
For (iii) E“” = EOPI_/ +E,u, g2+
=-0.54+0.1=-0.44 V
(iii) Is non-spontaneous change.

For(iv) E., =Eqp . +ES
(iv) E.y OB 14 g 4+ Elu’lz”-

=-0.1+0.54=+044 V
(iv) Is spontaneous change.

Given,

Ford A™ +ne—s 4 Epp ==0.76 V
ForB B™ 4ne—s B Egp =+0.80V
We have,

ForH l-l"’+e—)%l-iz Egp =0

Now coupling 4 with H,80,:

24+ nH;S0, — 4, (S0, ), + nH,

Ecat = Egp, +Epp, =+0.76+0.0=+0.76 V
Since, E° is +ve;

Reaction 24 +nH,80, — 4,(S0,), + nH,
is spontaneous, i.e., A will liberate H; from H,S0,.
Now coupling B with H,S0,:

2B+nH,SO, — B, (SO, ), +nH,
Ecer = Egp, +Epp, =-0.80+0=-0.80
Since, E° is —ve;

Reaction 2B +nH,S0, —s B,(S04), +nH;

will not occur, i.e., B will not liberate H; from H,S0,.
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_® SINGLE INTEGER ANSWER PROBLEMS @

\—-—————_—__

1.

10.

11.

12.

13.

14,

15.

16.

17.

. The quantity of charge

The quantity of charge (in Faraday) required to
electrolyse 54 g H,0 is

. The quantity of charge (in Faraday) required to reduce

96 g Mg from molten solution of MgCl,.

' (in Faraday) required to liberate
33.6 litre Cl, from molten NaCl.

. On electrolysing the solution of CH3COONa(agq.)

the volume ratio of

. gases formed at anode and
cathode is

. On electrolysing the solution of sodium butyrate the

mole ratio of gases formed at anode and cathode is

- In rusting of iron, iron is oxidised and O 2 is reduced.

The no. of electrons used during reduction of O, are

. E° (in volt) of cell A+B* — 5 4™ 4B if

E m,, =—2.5VandEB,,./B =+0.5V.

. 9650 charge is passed through an aqueous solution of

metal nitrate M (NO;), to obtain 2 g metal (atomic
mass 80). The valence of metal is

. If ~AG® is zero for a cell, the equilibrium constant for

cell reaction is

IfE|,E; and E 3 are standard oxidation potentials for
Fe|Fe?*, Fe?" |Fe*

and Fe|Fe*,  then
E; = EZ+—2E'.Tbe valueof nis ......
n
The ro. of cells which may be constructed with different

EQ,, values for the reaction : Fe +2Fe>* — 3Fe?*.
The concentration (in molarity) of Ni (NO;), left after
passing 965 ampere current for one second through
2 M Ni(NO3), solution using Ni electrode.

The equivalent of metal discharged when 4?32.5 ampere
is passed through its aqueous salt solution for 800
seconds. . .

E®° for a cell having 2 electrons involved in redox
change is 0.2655 V. The equilibrium constant for the
redox change is 10°. The value of a is ...... .
The standard oxidation potential o_f .Nl / Nl.
(Ni%* =1M) electrode is 0.236 V. If this is combl'ned
with a hydrogen electrode (Py, =1 atm)in acid solutflot:x,
at what pH of the solution will the measured e.m.f. be
zero at25°C? ‘ .

How much of the following element ‘wﬂl not discharge
at cathode during electrolysis of their salts in aqueous
medium Al, Na, Ba, Cu, Ag, Ni, Cr? .
Number of Faraday required to show the conversion of
one mole of Fe, (SO4)3 to FeSO4.

18.

19.

20.

21.

22

23.

24,

25.

26.

27.

28.

29.
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The potential for the reaction : ()Izuf';:' Yt 4H e
1

2H,01is 1.23 Vin 0,1 N strong ucid solution. Il'pownlhll'
measured in an aqueous solution is 0.994 V, the pil of
solution is.... ' ' i
Ky, of Cu(OH), is 1x10", If reduction pul.cnll:l of
Cu®'/Cu couple is 0.1335 V in a solution and £ for
Cu?'/Cuis 0.34V, the pH of solution is.... ’

A solution of metal salt MA, was clectrolysed w!l!\ @
current of 9.65 ampere for 100 minutes, The dcp(?mlmn
of metal was 18g at cathode. If the atomic mass of metal
is 120, the value of n is.....

Current is passed through a cathode where the reaction
is

S5e+MnOj +8 K" — Mn?' +4H,0

All the permanganate ions present in 100 mL has been
reduced after a current of 15 A is passed for 96.5 sec. The
original millimoles of KMnOy in 100 mL solution were....
A current of 4.825 amperes is passed through Hg,Cl, solution
(Atomic mass of Hg,Cl, = 471) for 1000 second to reduce
itcompletely into Hg. The total mass of Hg deposited in
gis....

An impure silver anode of 20 g and 50.8% purity made
anode in refining of silver by clectrolytic method. If a
current of 193 ampere is passed for 10 sce, the mass of
pure Ag (atomic mass 108) left at anode is....

The mole ratio of gases evolved at cathode and anode
during electrolysis of H,SO, using Pt electrodes is....

3 ampere current was passed through an aqueous solution
of an unknown salt AX, for an hour. 2.977 g of A was

deposited at cathode. If the atomic mass of 4is 106.4, what
is the value of n ?

A cell was prepared by using of aM ZnSO, and bM
CuSO,. Another cell was prepared with apf ZnSO,4 and
0.5 M CuSO, and this time emf of this cel] was lower
than 0.03V than the previous one. The valye ofbis....
The standard oxidation potential of Ni/Ni?*
acid solution, at wha
measured emf be zero
PH2 =1 atm

How many faraday of charge is

it required to comp]
oxidise one mole of Fey(C,04)5? pletely
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30.

31.

32.

33.

35.

Egp for M ™" + ne—— M** are 0.115 V and 0.101 V
respectively, when percentage of reduced form is 25 and
50 respectively. What is the value of n ?

Total charge (in coulomb) required for the oxidation of

% mole of Mn 0, into MnO?~,

A molten salt of InCl, on electrolysis using 3.20 A

current for a period of 40 minute leads to the formation
0f3.05 g In. If atomic mass of In is 1 14.8, the value of x
iS ... .

A cell having two H-electrodes. The negative electrode
present in"acid solutions is in contact with H* ion
having pH = 6. What should be the PH of other electrode
so that cell may deliver an emf of 0.118 V at 25°C.

A source of light of 100 V will produce 6 kJ energy if
10 ampere current is passed for  sec. The value of ¢ is

4 M solution of AgNO; is electrolysed using Ag

electrode. A current of 3 ampere is passed for9.65 x 103
sec. The molarity of solution after electrolysis is

36.

37.

38.

39.

41.

Numerical Chemistry

4 MNiSO, solution is electrolysed by passing 3 ampere
current for 965x10° sec using Pt electrodes. The
equivalent of gas formed at anode are e

An electrolysis of oxytungsten complex ion using1.10 A
for 40 minute produces 0.838 g tungsten. If atomic mass
of tungsten is 184, the charge on tungsten in complex is

The charge required to deposites all Al from the
electrolysis of 1 mol molten Al;O3.
The oxidation potential of a hydrogen e!ectrodc is
0.531V.If Py, =1atm, the pH of solution will be ...... .
The emf of cell

Pt|Q,H, |0, H" || M HCl| Hg,Cl; (s)| Hg(/) Pt
is —0.065 V. If E3» of Quinhydrone electrode and
standard calomel electrode are 0.699 and 0.280 V
respectively, the pH of left hand compartment is ...... .
A current of 2 A is passed for 5 hour through a molten

metal salt, deposits 22.2 g of metal having atomic mass
177. The oxidation state of metal in salt is ...... :

o wmEm—

1. Six 2. Eight 3. Three 4. Three 5. Two 6. Four
13. Four 14. Nine 15. Four 16. Three 17. Two 18. Five
25. Four 26. Five 27. Four 28. Two 29. Six 30. Two
37. Six 38. Six 39. Nine 40. Six  41. Three

7. Three
19. Eight
31. Five

8. Four 9. 0ne 10. Three
20. Four 21. Three 22. Five
32. Three 33. Four , 34, Six

11. Three 12. Two
23. Eight 24. Two
38. Four 36, Three
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I il 1
P ik i
T 1 OBJECTIVE PROBLEMS (One Answer Correct) y g 4
° 3+
»\D E°for ™ +3e— Crand O™ +e— Cr™ are 8. The E.y fora given cell is 1.2346 and 1.2340 V at 300
) —0,;4V and —.0.40V respectively. E° for and 310 K respectively. Calculate the change in entropy
G +2e—Cris: _aY during the cell reaction if the redox change involves
(a) 091V (®) +091V , o-b three electrons:
) -L14V d) +0.34V A (a) -17.37JK™" (®) +17.37 K™
2. Acell is to be constructed to show a redox change : (c) 173.7JK™ (d) 579 K™

. Efficiency of a fuel cell is 80%

Cr +2Cr* ==3Cr™. The number of cells with
dﬁfuentl:‘fand‘n‘butsamevalueofAG°mnbemade:
(Given, Eo"u" =040V, EQ_\.‘Q =—0.74V and
E o, =—091V)

(o
@1 ®) 2
© 3 @ 4

The solubility product of Pb;(AsO,), is 4.1x107%.
The E*° for the reaction :
Pb3(AsO,)a (s +6e3Pbs, +2As0;" if

Eppe gy =013V

(a) +H0478V () -0.13V

(c) 0478V d) +0.13V

Calculate the E° for the reaction

Zo¥* +2e=—Zng, +¥*, where Y* is the
completely deprotonated anion of EDTA. The
formation constant for ZnY 2~ is : 3.2 x10'® and E° for
Zn —> Zn** +2eis0.76 V
@) -125V (b) 048V
(c) +0.68V @ 027V
If Fe3* +Y* —=FeV ; K,=13x10
Fe2* +¥+ == Fe¥ K, =2.1x10"
and Fe** + e—> Fe?*; E°=+0.77V
The E° for Fe¥ ~ +&~ — Fe¥
(@) 0.13V (b) 0636V

() +0.636 V @ 141V o
Aeonstmtmnmtwaspassddmugbasolugono
AuCl; ion between gold electrodes. After a period of

10.0 minute the increase in mass of cathode was l.3l4_g.
The total charged passed through solution is : (atomic
mass of AuCl; =339)
(a) 1.16x107* F

() 2x107*F

() 3.5x107 F

(d) 4x10°F

and the standard heat of

reaction is —300 kJ. The reaction involves two electrons

in redox change. The E° for the cellis:
(a) 1.24V (b) 248V
© oV @) 0.62V

10.

11.

12.

13.

14.

15.

A current of 3 ampere was passed for 1 hour through an
electrolyte solution of 4, B, in water. If2.977 gof A
(atomic mass 106.4) was deposited at cathode and B was
a monovalent ion, the formula of electrolyte was :

(a) 4B, (b) 4B

(c) AB; (d) 4B,

The E° forCu?* /Cu*;Cu* /Cu,Cu®* /Cuare0.15V,
0.50 V and 0.325 V respectively. The redox cell
showing redox reaction2Cu* — Cu 2* +Cuis made.
The E° of this cell reaction and AG® may be :

(a) E°=0.175Vor E°=0.350V

(b) n=2 or | respectively

(c) AG°=-33.775K]

(d) all of the above

Total charge required to convert three mole of Mn 30,
to MnOj in presence of alkaline medium :

(@) 10F (b) 20F

(c) 30F (d) 40F

A current of 965 ampere is passed for 1 sec through
1 litre solution of 0.02 N NiSO, using Ni electrodes.
What is the new concentration of NiSO,4?

(a) 001N (b) 0.01 M

(©) 0.002 M (d) 0.02 M

Fo.r the given cell P‘D;/D‘ [IH* |Pty, if
Ept =0.003 V, what will be ratio of D* and H* at
25°C when the reaction : D, +2H* — 2D* +H,
attains equilibrium :

(@) 134 (b) 1.24

(c) 1.124 (d) 1.45

What is Ep for the reaction : Cu* +2e—— Cuin the
half cell Ptz g, if EGanc, 18 034 V and K, of
Cus=10"7

(a) 0.34V (b) —0.6925 v

(c) +0.6925V (d) -0.66 V

The combustion of butane in O, at | bar and 298 K
shows a decrease in free cnergy equal to
2.75%10” kJ mol™" in a fuel cell. K and £° of fuel cell
are :

(a) 9.55x10*21.096 V (b) 9.55,1.096 V

(c) 1.023x10°%,2.85V (d) 5.5x10* 0.55 v
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16.

17.

18.

19.

20.

21.

22.

23.

A half cell reaction : Ag,S ) +2e—s 2Ag 5 +8% s
carried out in a half cell Pt o,5/ag 15, at [H*]=1072,

Q1M
The emf of a half cell is :
Gf Egr/pg =080V, Kougs=10?' and K, of
Ag,S=10"]
(a) —0.1735 Vv (b) -0.19V
(c) +0.1735 (d) +0.19V
Which one is not correct if electrolysis  of

CH;COONa (aq.) is made using Pt electrodes ?
(a) pH of solution increases
(b) Molar ratio of gases at anode and cathode is 3 1
(c) [CH3COO™ ]in solution decreases
(d) The molar ratio of gases at anode and cathode is2 :1
The calomel electrode and Quinhydrone ¢lectrodes are
reversible with respect to which ions respectively :
(@ CI",H” (b) H*,CI”
() Hg3",OH (d) Hg3",OH"
EMF of Ni-Cad battery is dependent of :
(a) Cd (OH), (b) Ni(OH),
(c) OH™ = (d) none of these
The electrode with reaction :
Cr,07(ag) +14H{,,) +6e—> 2Cr (., + TH,0;
can be represented as :
(@) Pt|H{gg), Cr;07 )
(®) Pt|Hag), Cri07(ag, Criag)
(©) Pty, | H{g,),Cr,05
(d) Pty | Hiag), Cr207(ag), Criag)
For a given reaction : M ¥ 4 ne—— M** Egp is
known along with M **" and M ** ion concentrations,
then:
(a) n can be evaluated
(b) X can be evaluated
(¢) (X + n)can be evaluated
(d) n, X, (X + n) can be evaluated
A dilute aqueous solution of Na,SO, is electrolyzed
using platinum electrodes. The products at the anode
and cathode are :
@) 0, H, (b) $,03", Na
(c) Oz, Na (d) $:05", H,
A standard hydrogen electrode has zero electrode
potential because :
(a) hydrogen is easiest to oxidise
(b) this electrode potential is assumed to be zero
(c) hydrogen atom has only one electron
(d) hydrogen . the lightest element

24,

25.

26.

27.

28.

29.

30.

31

32.

Numerical Chemistry

The standad reduction potentials of Cu®*/Cu and
Cu?*/Cu* are 0.339 V and 0.153 V respectively. The
standard electrode potential of Cu*/ Cu half cell is :

(a) 0.525V (b) 0.827V

(c) 0.184V (d) 0490V

The standard reduction potential values of three metalic

cations of X, Y and Z are 0.52, -303 and -118V

respectively. The order of reducing power of the

corresponding metals is:

@ Y>Z>Xx b)) X>Y>Z

() Z>Y>X d)Z>X>Y

A gas X at 1 atm is bubbled through a solution

containing a mixture of1 MY ~ and1 MZ~ at25°C.If the

reduction potential of Z>Y > X, then :

(a) Y will oxidise X and not Z

(b) Y will oxidise Z and not X

(c) Y will oxidise both X and Z

(d) Y will reduce both X and Z

Select the incorrect statement :

(a) The electrolysis of molten CaH, liberates H, at
cathode.

(b) During discharge of lead storage battery, sulphuric
acid is consumed.

(c) Sulphur acts as polymerising agent in vulcanisation
of rubber.

(d) Galvanisation of iron denotes coating with Zn.

Select the correct statement :

(a) Faraday represents 96500 coulomb per sec.

(b) Coulomb represents one ampere for 1/2 sec.

(c) Coulomb represents 1/2 ampere for 1 sec.

(d) Coulomb represents charge of one mole electron.

ERp forthe reaction,

TeO3 1m (ag) +3H,0 (/) + 4e — Te (5) +60H ™ (aq)
is—0.57 V. Calculate the potential of pH = 12.

@ -017V (b) ~021V

(c) -039V (d) -0.747V

Calculate Ecq for Cr |Cr>* ||Cr* |Cr
004M ' 1M

(a) 0.028 V (b) 0.083 V

© 0V () 0.125 v

: —10-35
Given that K, of CuS =10~ and E(:./c\." =-034V.

The standard oxidation potential of Cu |CuS|S? half
cell is ...... .

(a) 1.0V (b) 0.693 V

(c) -0.690V d -10V

The temperature coefficient of a given cell, (g—?) is
P

1.5x107 VK™ at 300 K. The change in entropy of cell
dus; the cource of reaction,
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33.

3s.

36.

37.

38.

Pb(s) + HgCl, (ag) — PbCl, (ag) + Hg())
®

(a) 28.95J/K ) 14.47 J/K
(c) SZ.9 J/K (d) 21.70 J/K
oy 0 »
If Ecto;l(:loz =-036V and EClo;/CIoi 033V at

300 K. The equilibrium concentration of perchlorate ion
(ClO3) which was initially 1.0 M in ClO3 when the
reaction starts to attain the equilibrium,
2C103 ==ClO; +ClO;

(b) 0.0190 M

(d) 0.40 M

(a) 0.0236 M
(c) 0.123 M

. The reduction of NO3 occurs as

NOj +4H* +3¢” — NO+2H,0; E°=096V
The electrons are provided by Cd till that the solution
originally having 0.1 M NOj3 and 0.4 M H* shows that
80% of NOj ions are converted to NO showing 1 bar
pressure. The reduction potential of remaining solution.
(a) 0.84 V () 136V
(c) 1.08V (d) 1.56 V
108 g solution of AgNO; is electrolysed using Pt
electrodes by passing a charge of 0.1 F. The mass of
resultant solution left is :

(a) 98¢g (b) 107.2¢g

(c) 116g (d) 9%6.4¢g

On the basis of reaction, 4Al+30, — 2Al,03;
AG =-827kJ mol™! of O, the minimum emf required
to carry out an electrolysis of Al,O; :

(a) 85V (b) 2.14V

(c) 283V (d) 142V

A Quinhydrone electrode in contact of H' ijon is
coupled with standard calomel electrode. The E° of
both electrodes are given as :

Pt|Q, OH, | H' || IMKCI| HgCly(s) | Hg(D) | Pt

0 OH
+2H* +2e——+© :
OH

(0)

Eo =+0699 \'%
OIOHH*|Pt

%ngaz(s) +e— Hg(l)+Cl™;
EL =+0280V

CI7|HgCllHg )
If emf of cell so obtained is — 0.124, then pH is :
@ 5 ®) g
)7 @
The standard reduction potentials at 298 K for the
following half reactions are given against each

Zn? (aq) +2e 7= 1In(5) -0762

Cr#}(“q) +2‘_,=Cg(s)-0.740

39.

40.

41.

42.

43.

45.

2H* (aq) +2¢ == H, () 0000
Fe* (ag) +2e == Fe** (aq) 0.770

which is the strongst reducing agent?
(a) Zn(s) (b) Cr(s)
() Ha(g) (d) Fe™ (aq)
Faraday’s laws of electrolysis arc related to the :
(a) atomic number of the reactants
(b) atomic number of the anion
(c) equivalent mass of the electrolyte
of the cation
52) si':zfi?m containing one mole per litre of each
Cu(NO3),, AgNO;, Hg2(NO3), is being clectrolysed
by using inert electrode. The values pf standard
electrode potential in volts reduction potential are :
Ag|Agt =+0.80, 2Hg |Hg3" =-0.79
Cu|Cu** =+0.34, Mg|Mg*t =-2.37
With increasing voltage, the sequence of deposition of
metals on the cathode will be :
(a) Ag, Hg, Cu,Mg (b) Mg, Cu, Hg, Ag
(c) Ag, Hg,Cu (d) Cu, Hg, Ag
The electric charge for electrode deposition of one gram
equivalent of a substance is :
(a) one ampere per second
(b) 96.500 coloumbs per second
(c) one ampere for one hour
(d) charge on one mole of electrons
The reaction,

3Ha(g) + AgCI () — H" (ag) +CI" (ag) + Ag (5)
occurs in the galvanic cell :
(a) Ag|AgCI(s)| KCl(soln.) | AgNO; (soln.) | Ag
(b) Pt|H;(g)| HCl(soln.)| AgNO; (soln.) | Ag
(c) Pt|H;(g)| HCl(soln.)| AgCl(s) | Ag
(d) Pt|H,(g)| KCl(soln.)| AgCl(s) | Ag
A solution of sodium sulphate in water is electrolysed

using inert electrodes. The products at the cathode and
anode are respectively :

() Hy,0,

(b) 05, H,
(c) 02, Na

(d) 0,,50,

. When a lead storage battery is discharged :

(a) SO; is evolved (b) Lead is formed

(c) PbSO, is consumed  (d) H,SO, is consumed
The -standard oxidation potientials, E°, for the half
reactions are as follows :

Zn— Zn® +2¢7; E°=+40.76 V
Fe — Fe™ +2¢7; E°=+041V
The EMF for the cell reaction,
Fe®* +Zn — Zn?* 4 Fe

(b) +035V
d-117V

(a) -035V
() +117V



46. If EQn o, =034V and B3 o =0ISV than the

47.

49.

51.

value for disproportionation forCu * is :

(@ -0.19V (b) 038V

(c) 094V (d) 038V

For the electrochemical cell, M|M* || X~ |X

E(p+ 10, =044V and E[,, . =033V, From this

data one can deduce that : (11T 2000)

(@ M+X— M*+X~ is the spontaneous
reaction

G M*+X " —S M+X is the spontaneous
reaction

(€) Eq =077V (d) Eqy =-0.77V

The correct relauonshlp between Gibb’s energy change
in a reaction and the corresponding equilibrium
constant K _ is :

(a) AG°=RT InK, (b) -AG°=RT In K,

(c) AG=RTIn K, (b) ~AG=RT In K,
Saturated solution of KNOj is used to make salt bridge
because : (11T 2001)
(a) velocity of K* is greater than that of NO3

(b) velocity of NOj is greater than that of K*

(c) velocity of both K* and NO3 are nearly the same
(d) KNO; is highly soluble in water

The correct order of equivalent conductance at infinite
dilution of LiCl, NaCl and KCl is : (IIT 2001)
(a) LiCI>NaCl>KCl (b) KCI>NaCl>LiCl

(c) NaCl>KCI>LiCl  (d) LiCl>KCl> NaCl
Standard electrode potential data are useful for
understanding the suitability of an oxidant in a redox
titration. Some half cell reactions and their standard

potentials are given below :
MnOj (40 + 8H"(5g) +5¢e—

Mn?* (ag) +4H;0(y;
E°=151V
CrzO7 (aq.) +14H+(¢q,) +6e—>

2Cr " (ag) + TH20();
E°=138V

Fe**(aq) +€ — Fe**(a); E°=0TTV
Clyg) +2¢” — 2Cl7(ag); E°=140V

Identify the only incorrect statement regarding the
quantitative estimation of aqueous Fe(NO3 ), : (IT 2002)
(a) MnOj can be used in aqueous HCI
(b) Cr,0% can be used in aqueous HCI

82,

Numerical Chemistry

(¢) MnOj can be used in aqueous H,80,
(d) Cr,03 oan bo used in aqueous H,80,
In the electrolytic cell, flow of eleotrons is from ;
(11T 2003)
(a) cathode to anode in solution
(b) anode to cathode through external supply
(¢) cathode to anode through intornal supply
(d) anode to cathode thmugh mwnml \upply

83. The emfof'the cell Zn | /m it || F (000! ” | Foat 208 K is
0.2905, then the value of equilibrium constant tor the
cell reaction is : (11T 2004)
(“) e()..‘2l0.020.‘ (b) 100.3210.0203
(c) 100300298 (d) 1003700891
54. The rusting of iron takes place as follows :
2H' +2¢+1/20; — H,0(;); E°=+1.23V

§S.

&

57.

Fe** +2e— Fe(,): E°=-044V

The AG® for the net process is : (11T 2005)
(8) =322 kJ mol™ (b) —161kJ mol™'
(¢) =152 kJ) mol™ (d) =76 kJ mol™'

Electrolysis of dilute NaCl solution was carried out by
passing 10 mA current. The time required to liberate
0.01 mol.of H, gas at the cathode is : (IIT 2008)

(a) 9.65x10° sec () 19.3x10* sec

(c) 28.95x10* sec (d) 38.6 x10% sec

Consider the following cell reaction :

2Fe(s) +0,(g) +4H" — 2Fe™* (aq) + 2H,0())
E°=167V

At[Fe**]1=10>"M, P(0,) =0.1atm and pH = 3, the cell

potential at 25°C is : (IIT 2011)
(a) 147V (®) 1.77V

(c) 1.87V ) 1.57v

Given

Eo;’*/o =-0.74 V, EMTO.Ian =151V

010#’0" =133V, Ecucr =136V
Based on the data given above, the strongest oxidising

agent will be : [JEE (Main) 2013]
(a) Mn?* (b) MnO;
(c) CI” @) cr*

Four successive members of the first row transition
elements are listed below with atomic numbers Which

one of them is expected to have the highest £° TS
value ? [JEE (Main) 2013]
(a) Fe(Z=26) (®) Co(Z=27)

(c) Cr(Z=24) (d) Mn(Z=25)
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- I I SOLUTIONS (One Answer (':orrect) I | -

1. @ Cr** +3e—0r;
ot +e— Cr?t

—AG, =3x0.74xF
-AG, =1x0.40x F
+

O +26——Cr;  -AG; = 2XE°XF
=(3%0.74-1x0.40)F = 1.82 F
E°=091V
2. (9 Cr|ce* ||Cr’,cr® Py Cr|Cr? ||or (Cr;
I

Cr|Cr?* ||, Cr? |pt
11

O C—Cr* +3¢ E°=+0.74V
30" +3e— 3CrY;  E°=-04V
Cr+2Cr** — 3¢t (n=3)

() 3Cr—— 3Cr** +6¢ E°=091V
2Cr* +6e— 2Cr; E°=-074V
Cr+2Cr** — 3Cr* (n=6)

(Ill) Cr— Cr?* +2¢ E°=091V
20" +26—— 2Cr?*;  E°=-040V
Cr+20r* — 3¢ (n=2)

E°=074-04=034V
-AG°=3x034xF
=1.02F
E°=091-0.74=0.17V
-AG°=0.17X6xF
=1.02F
E°=0.91-0.40=0.51V
-AG°=2x0.51xF
=1.02F

3. © E vy a0 =
=—o.13+ﬂ’65—91°g 4.1%107*

. 0.059
et g

log K,

=-0.13-0.348=—0478V
0059105 x

4@  Ep e =Byt
[Za¥?] | 1
K = — . K=_
= Ky

o =076+00000g L

.. E,
2 3.2x10'

Zn2* 1 Zay?”
=-125V
. (8) ForFeY™ +e—» FeY 2 the change is
Fe** +e— Fe?*
Ep e ipeyr-iper- = vt it *
0.059

(FeY ¥ J[Fe**]
1 T [Fer~)[Fe**]

6.

10.

11.

12.

13.

©

(a)

(a)

@

@

(©

(b)

©

- o.77+9ﬁ-9-|og 2.1x10" _ 0 77-0.64 =+0.13V
1 1.3x10%
Au’t +3e— Au
w _ Charge
197/3 96500
% Chargc:l'_:”i‘;(_’;_’.(jgo.OZF
; _AG° __nE°F _go
Efﬁclency-—AHo TR
P 80X (=300)x10° _ .,y
2% 96500x 100
ByAS___AHTAG;

oT
AS = "F(g?)p - 3x96500x(—

AH=—nF[E 1(35)] and AG=-nEF

0.0006)

10

=-1737JK™!
it

W
E 965

Y‘
A" +Ye—> A

2.977 _ 3x1x60x 60
106.4 96500
Y

Y=4 . electrolyteis AB,.
2Cut — cu?* +Cu
Celll:

Cut — Cu +e
Cu* +e— Cu-

Cell Il :
Cu— Cu?* +2¢

2Cu* + 2 — 2Cu

200" — ¥ +Cu | 200t — Cu?* + Ca
E°=-0.15+0.50 E°=-0.325+0.50
=+035V =+0.175V
n=1 n=2

Mn*¥3);— 5 IMn® +10e
10 Faraday charge is requlred for conversi

mole 0fMl'l304 to Mﬂo z e

w_965x1 _

E 96500 ~ 0!

Equivalent of NiSO, present initially =

If Ni electrodes are used no ch
ie,0.02Nor0.01 M. -

If Pt electrodes are used then
Ecan = Eopy, =

=1x0.02=0.02
conc. of NiSQ, ,

¢q. of NiSO, left = 0,0}
ERM

_ 0. 059

EOPDz ot ~—5—log [D*)? +5" *
Hy
0.05910g [H* P

0=0.003-0059, [D*}? "
2 —— log —=

") ( LR, )=0



+
. A R
[H7]
M ®) Egogo, =Eq i, + 222 10g K, CuS

- 0.34+&259 log'"™ = —0.6925v

15. (8) -AG=-AG°=2.75x10° J mol~'

16. (a)

17.

18.
19.

20.
21.

22

23.

@

(a)
@

(d)
(a)

(a)

(b)
(a)

(asP = lbarand T = 298 K)
-AG°=nE° F
. po= 2.75x10°
26 96500
(oY ‘—23‘02 —4C0, + 5H,0
(C2), — 4C* +26e
E°=1.096V, Also, E°=0059),, ¢
n 14

1.096:0'%‘%«,; K, K=955x10'

H,S+==2H" +§*"

Kk, <[ PIS™) _ (107)2 x[s*)
“ [H,S] 0.1
-1-1072" x0.1 ~16

[s* 1= - yge,

! 107

Since, - [Ag*)[$*]=K,,

N ’K x
[Ag 1= ﬁ: :g:: =m

2Ag?* +e— 2Ag
E, .
Ag” /Ag
o ® 0.059 +92
S*/Ag S/ Ag 'EA;‘/Ag w 2 log [Ag"]

= o.so+%9 log 107 =-0.1735V

Es"m.zsmg =
E,

Anode : 2CH;CO0™ — C,Hg +2CO0, +2¢
Cathode: 2H' +2e— H,
Follow text.
The net redox change :
NiOy() +Cd +2H;0 —— Ni (OH),(,) +Cd (OH),,
Follow text.
M)
(M*]
2OH s H20+—;OZ +2

Epp =E;p +g‘g—sglog

Anode :

Cathode :
It is a fact,
Cu* 42— Cuy; -AG,

Cu¥ +e—Cu*; -AG;
- = = +

% Cu’ +e— Cu;-AG; =-AG, +AG,
or  nXEyF=mE F-nEF

2H" +2e— H,

E;-

|

Numerical Chomlatry i,

« _MEF=-mEF _0339%2-1x0.153
nk 1

n0.528y

25. (a) More is E,’,,-. more is the tendency to get reduced or

26.

27,
28.

29.

30.

31.

32.

33,

(a)

(a)
(d)

©

(a)

()

(a)

@

more is the oxidizing power or lesser is reducing
power. Thus, oxidizing power= X*>2*>y*
reducing power=Y > Z> X

o o
ERPZIZ' 4 ERPY/Y' > ERI'XIX' !

Thus, order of oxidizing power willbe Z>Y > X

2H™ — Hj + 2¢ H is —ve in ionic hydrides,
F=Nxe, 96500=6.023x10% xe

. e=1.602x107"

(TeO}")

_ oo 0059
Epp = Epp +=,=10g TR

[Te* +4e— Te; AlsopH=12 . [OH ]=107] |

=-0.393V

. ERP=—057+0—(:5—9l0g !

(1072)%

[Cr** Jrus.
(Cr** Jous.

3
0.059 1 _
3 log [0.04] - 0.028 V

Cu?* (ag)+2e —> Cu (s)
Cu (5)+S% (ag) —> CuS(s)+2e
Cu® (aq)+S% (ag) —> CuS

EC\:D:Slsz‘

£=0059

_ 0059
= Eo‘ruz., —T IOg Ksp
=-034- —°°259 log 107
=-034+1.0325=0.693 V
(B_E) =AS
oT P nF
AS =1.5%10™ x 2% 96500 = 28.95
Ecn =Egp + Egp
—E° ~00s59, = [ClO; ]
cl03|clog ~ 5 108 ——
A% 2 P laes)
° 0059, [CIO3]
+ Ec:o; 1103 +T log ——
C* — 1™ +2
2e+CI* — 3+
Ecen = Oat equilibrium. Also
2CI0; ¥=CI0; +CI0;
1 0 0

(I-29 x x
= k2 °
Eon = Eqios 107 + E 03 10103
-12
L0059, [CIO}]

2 [C107 ][CI03]

|
|

[Cl07] |
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34. ()

35. (d)

36. (b)

37. (@

0=-036+ °33+QOT” log w

0=-003+005910g 1=2
X
or log —= 1-x_003
x 0059
=0509
1
2.509
NO3+ 4H" +3e—s N0+2H20
(ll0|-x) (0334() -

_ 80
100 —x01=008

After reduction, )
[NO3 1= 01-008= 002
[H*]=04-032=008
[NO3 J(H*]*
[Pnol

0.02x (0.08)*
1

1-2x
x

x=

=040 M

Epp = E;p +0'(;59 log

=0.96+ 0.(;5 9 log
=096-012=084V
Agt+e— Ag
20H" — H,0+
~ Eq. of Ag* lost
escaped
-. Total mass loss = 0.1x 108+

1
= 2e
202+

=0l= Eq. of O, formed and
013216

. Mass of solution=108-11.6= 96.47
%AHO, —-)%Ale;; AG=-827K) (Given per
mole of 0;)
2A1° —> (AI** ), +6e

1 Al gives 3e

4
2A1=4

3 €

AG = -nEF

—827x10% = -4 x E x 96500
E=214V

Ewll =Eofb“ +ERPM

= Eopyy ~ 252 10g [H' 1 + Egr,

Now

(- Egp = Egp for calomel)
=-0699+ 0059 pH+ 0.280
E o =—0419+0059 pH
- 0124 =-0419+0059pH
pH=5
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38. (a) Egp for Zn= +0762 V (maximum in given val).
More positive is Egp, more is the tendency to get st
oxidised or strong reducing agent.

w it
¥=__"_ (Ist Law

3. ) £=56500"" )

40. (c) Egp for Ag, Hg and Cu are - 0.80, — 0.79, — 0.34.
Mg?* is not discharged in aqueous solution.

41. (d) 1Faraday=N xe

42. (d) None of the other cell contains salt bridge involving
this reaction.

43. (a) Cathode: 2H'+2e— H
Anode : 20H" — H20+%02 +2

44. (d) PbO, +Pb+2H,S0, —> 2PbSO, +2H,0
(Discharging reaction)

45. (b) Eoy =Eop,, +Erp, =076—041=035 A%

4. (d) 26+ Cu* > Cu; AG;, =-2x034xF

Cut — Cu? +e;  AG; =-Ix(-015)xF
+ + # *
e+Cut — Cu; AG; =—1xE3 XF
AG; =AGY +AG; =—0.68F +0.15xF
E3 =+0.53V
Now, for 2Cu* —— Cu+Cu?*
E =E°P01’|(\|z" +ERPC\:*|C\:
=-015+053=+0Q38V

47. (0) Ecn =Epy 0+ +Eppy, - =—044+033=-0.11V
for M+X —> M*"+X~. Thus reaction is
non-spontaneous. The spontaneous reaction in
M*+X —S M+X;E°=0.11V

48. (b) AG=AG°+RTInQ,ateq. AG = OandQ=K_

-AG°=RThK,

49. (c) 111e salt bridge possesses the electrolyte havmg nearly
same ionic mobilities of its cation and anion.

50. (b) Ionic mobilities depends upon size of ion. The i ionic
slz:: in case of hydrated cation is

o . .
K(m < Naw) < Ll(q_). Smaller is ion more is
hydration and larger in size of hydrated ion.

51. (a)

MnOj will oxidise C1~ ion according to equation.
Mn™ + 5¢e — Mn?*
2CI" — Cl; + 2

. s
Eeen =Eppy- 1, "‘Enm.." /Ma?*

=-1.40+1.51=0.11V
or reaction is feasible.
MnO; will oxidise Fe2* to Fe’*

Mn7'+5e an,

Thus,



52. ()

53. ()

54. (a)

55. (b)

Fe** — 5 Fe* +¢

Eca =Epp s pe+ *E oo a2
=-0.77+1.51=0.74 V

or reaction is feasible.
Thus, MnO; will not oxidise only Fe?* to Fe3* in
aqueous HCI but it will also oxidise CI™ to Cl,.
Suitable oxidant should not oxidise Cl1~ to Cl, and
should oxidise only Fe?* to Fe** in redox titration.
Current flows from anode to cathode in external circuit
of electrolytic cell and thus electrons flow from anode
to cathode through external wires.

Zn +Fe** —5 Fe+Zn?*
[Fe*")
[Za*]
s . 0.059, 0.001
12905 = 28037 15g 0.001
0.2905=E, + > log 0.01
Eq =0.2905+0.0295= 032V

0.059
2

_0.059
0.32= 2

Kc - 100.32/0.0295
Ecer =Eopre +Eppyy0 =0.44+123=1.67V
AG°=—-nE° F =-2x1.67x96500]
=-322.31kJ mol™’
it
96500

_10x1073 x ¢
0.01x2="20 =t

Een =Eg +—0'259 log

Now Eoy =

logyo K,

logyo K,

t=19.3x10* sec

Numerical Chemistry

(d) Inthe givenreaction Fe is oxidised and O, is reduced.

2Fe —> 2Fe?* +4e

42"'02 + 4H+ - 2H20
fEoy = Ec.)PFe _ 0.459 log[Fez’ ]2

57. (b) Ep,

+Egpo, +@log}’o2 x[H"]*
Po, X[H']*
[Fe2+ ]2
0059, 0.1x(107)*
4 (107%)?
= 1.67+%5—9 log10~’
0.059x (-7)

= Ei + 28105

=1.67+

=1.67+

=1.67-0.103=1.57V
of MnO; /Mn?* is highest and thus MnOj is

easily reduced and is the strongest oxidising agent.

or

Mn"" +5e— Mn?*
MnO; +5e+8H' — Mn?* +4H,0

58. () Eys e =157V

E,
E

E,

e /Fe2t =077V

ot e =197V

e ==041V
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: OBJECTIVE PROBLEMS (More Than One Answer Correct) :

1.

In the atmosphere of industrial smog, copper corrodes to
form:

(a) basic copper carbonate

(b) copper sulphide

(c) basic copper sulphate

(d) copper oxide

. The tarnishing of silver ornaments in atmosphere is due

to:
(a) Ag20 (b) Ag,S
(c) Ag,CO, (d) Ag,S0,

. If,: A+B+—C +D;K; =K, and E°=q V

24+2B+—2C +2D;K; =K, and E°=bV
then,

(@ a=b
(c) a=2b

®) K, =K}
(d) b=a?

. Rusting of iron is catalysed by :

(a) H*
(©) 0,

(b) dissolved CO, in water
(d) impurities present in Fe

. Select the wrong relations :

@) AS =(%§)P xnF  (b) -AS =(g§-)p x nF

o(8),-(5) ()2

. Select the correct statements about NHE :

(a) E° of NHE has arbitrarily assumed to be zero
(b) E° of NHE is equal to zero

(c) NHE refers as Pty,, | H;, at25°C
1 bar a=l

(d) NHE is very susceptible to dissolved O, H,S and
all other reducing agents

. In which of the following salt bridge is not needed ?

(a) PbI PbSO4 () I H2SO; I PbOZ(,) I Pb
(b) Cd|CdO,) | KOH,, |NiO (s INi
(©) Fe(, | FeO(,) | KOHoy, NizOs s | Ni
(d) Zn| ZnSO, | CuSO4 | Cu

. Select the correct statements if 9.65 ampere current is

2 :
passed for 1 hour through the cell Ag | f‘%: ||cluM+ |Cu:

10.

11.

12.

13.
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(a) Ag will oxidise to Ag* and new [Ag*]=136 M
(b) Ag* will reduce to Ag and new [Ag*]=0.64 M
(c) Cu?* will reduce to Cu and new [Cu *1=082M
(d) Cu will oxidise to Cu 2+ and new [Cu =082 M

. Which of the following metals can not be obtained by

the electrolysis of an aqueous solution of their salt :

(a) Ag (®) Mg

(c) Cu (@ Cr

(e) Al

The standard reduction potential values of three

metallic cations, X, Y and Z are 0.52, —3.03 and-1.18

V respectively. The order of reducing power of the

corresponding metals is :

(@ Y>Z>X ) X>Y>Z

) Z>Y>X dZ>X>Y

The function of salt bridge is :

(a) to maintain electrical neutrality of two half cell
solution

(b) to eliminate liquid junction potential

(c) to complete the circuit

(d) to produce current

In a cell Zn|Zn?* || H* | H,Pt, the addition of H,SO,4

to cathode compartment :

(a) decreases EMF

(b) increases EMF

(c) shift equilibrium to right

(d) shifts equilibrium to left

For the reduction of NO3 ion in aqueous solution, E° is

+096 V.Values of E° for some metals are given below :

V¥ (ag.) +2e—> V; E°=-119V
Fe”(aq.)+3e—-> Fe, E°=-0.04V
Au™ (aq.)+3e—> Au; E°=+1.40V
Hg* (ag.) +2¢— Hg; E°=+086V

The pairs of metal that is (are) oxidised by NOj in

aqueous solution is (are) : (IIT 2009)
(a) Vand Hg (b) Hg and Fe
(c) Feand Cu (d) Feand V
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1. (a,¢c) 8Cu-+6H,0+ 280, +50, —>
2[CuSO, - 3Cu(OH), ]
2Cu + Hy0+ CO, + 0, — [CuCO; - Cu(OH), ]
2. (a,b) 2Ag +%o2 — Ag,0

2Ag +H,S—> Ag,S+H,
_lcin) [C)* (D)
3. (a,b) K, = PR f e o B
&8 R=panm " %a=Tmm

Also, E* is independent of stoichiometry.
4. (ab,c,d) Follow text.

5. (ad) AG=AH-TAS and AG=AH+ T(_aAGJ
A

oT
AGY _AG-AH __TAS __
(aar)p' I
= 9F
As_+nF(aT)p

Also, —nEF = AH +T X (-nF)(g—?)

(B_E) _ AH +nEF
aT), T

6. (a,c,d) Follow text.

7. (ab,c) Salt bridge is used to eliminate liquid junction
potential arised due to different speed of ions present
in cathodic and anodic compartments.

w__ it _9.65x3600 _
8. (ac¢) 06500 96500 0.36¢q.
of Ag* =0.36 eq.0f Cu?*

P

9

10

11.
12.

13.

HNumerlcal Chermistry

=036 moleof Ag” =0.18moleof Cu?’
Now, Ag will oxidise to Ag " and Cu 2 will redce to

Cu.
. (b,e) Strong electropositive metals cannot be reduced in
presence of H,0.

. (a) Loweris Egp, moreis Egp, more is the tendency o get
itself oxidised and thus more is reducing power Eg,
orderinY>2Z> X.

(a,b,c)

(bc) E=Egy +

00590 [H')
2 [Zn?*]
Zn —> Zn* +2¢
2H* +2¢—— H,
Zn+2H'— Zn?" +H,
On addition of H,SO, to cathode compartment, [H" ]
increases and reaction will shift towards right.
(a,b,d) Theoxidation of Auis not possible as E_ is—ve.

(@) E°=Epp, +£;,,m =+1.19+0.96=2.15V

Anode :
Cathode:

(b) E°=Eop, +1s,‘;,;.mj =+0.04+096=1.0V
(c) E°=Egp,, +15,‘;,,ms =-1.40+0.96=—044V
d) E°=E, P = =

( ) ORy, +ERPNO§ —0.86+0.96=+0.10V
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COMPREHENSION BASED PROBLEMS

Co_myrohen.llnn 12 A curront of |5 ampore in used to
plate Ni I‘mm NiSO, bath, Both Hy and Ni ure formed nt
cathode. The current efficiency of Ni formatiog,is 60%,

(EN A

(atomic mass of Ni = 58,71) R
(1] Mass of Ni is plated per hr? '
(a) 9.85 g (b) 0.5596g
(©) 1642 @ 1282 7"

[2) The !hicknosu’of plating if the cathode consists of n
sheet of 4cm*™ which is conted on both sides : (The
density of Ni is8.9g mL™")

(a) 0.276 cm (b) 0.272 cm
(c) 0316 cm (d) 0.138 cm
[31 The volume of H; is formed per hr at STP:
(a) 6.62 litre (b) 6.26 litre
(c) 2.51 litre (d) 5.02 litre
[4] The volume of O, is formed per hr at STP:
(a) 6.26 litre (b) 3.13 litre
(c) 9.39 litre (d) 2.51 litre
Comprehension 2: £° values for Fe — Fe?" +2¢
and Fe — Fe* +3eare 0.440 V and 0.036 V respectively.

[1] The number of cells showing the overall cell reaction

Fe +2Fe’t — 3Fe?":

(a) 1 (b) 2
(c) 3 ) 4
[2] AG® for each cell for given overall reaction in (J) is:
(a) +2.424F (b) —2.424F
(c) +1.616F (d) -1.616F
[3] E°forFe™ +e—> Fe?* is:
(a) +0.672V (b) +0.772V
(c) —-0.040 (d) +0.040V
[4] The E° for Fe|Fe® || Fe’*, Fe?' | Ptis:
(a) 1212V (b) 0.404 V
(c) 0.808 V (d) -0.404 V

[5] Select the correct statements: ‘
(a) The overall reaction and AG® for each cell is same

(b) The E e and ‘n’ values are different for each cell
(c) The AG® depends upon the cell reaction where as
E .. depends upon the make-up of cell
(d) All of the above
Comprehension 3 : Numerical reactions involve
interaction of atoms and molecules. A large number of
atoms/molecules (approximately 6023 X 10%) are present in a
few grams of any chemical compound varying with their
atomic/molecular masses. To handle such large numbers
conveniently, the mole concept was introduced. This concept
has implications in diverse arcas such as analytical chemistry,
biochemistry, electrochemistry and rudiochcmis}ry. Thc
following example illustrates a typical case, involving

chomienl/eloctrochemicnl renction, which requires o clear
anderstinding of the mole concept. A 4.0 molar aqucous
wolution of NaCl ix prepared and 500 mL of this golution 18

™ slectrolysed, This leads to the evolution of ¢chlorine gas at one

of the eleetroden (ntomic maws : Na =23, Hg = 200; 1 Faraday =
96500 coulombs) (117 2007)
[1] ‘The totul number of mole of chlorine gas evolved is:
(n) 0.5 (b) 1.0
(c) 2.0 (d) 3.0
[2] If the cathode is a Hg electrode, the maximum mass (g)
of amalgam formed from this solution is :
(1) 200 (b) 225
(c) 400 (d) 446
[3] The total charge (coulomb) required for complete
clectrolysis is :
(n) 24125 (b) 48250
(c) 96500 (d) 193000
Comprehension 4 Redox reactions play a pivotal role
in chemistry and biology. The values of standard redox
potential (£°) of two half-cell reactions decide which way the
reaction is expected to proceed. A simple example is a Daniel
cell in which zinc gocs into solution and copper gets deposited.
Given below are a set of half-cell reactions (acidic medium)
along with their £° (V' with respect to normal hydrogen
electrode) values. Using this data obtain the correct
explanations to questions given

1, +2¢” =21~ E°=0.54
Cly, +2¢” = 2CI° E°=1.36
Mn* +¢” - Mn? E°=1.50
Fe* +¢ - Fe?* E°=0.77

0, +4H" +4¢” - 2H,0 E°=123 [1IT2007]

[1] Among the following, identify the correct statement

(a) Chloride ion is oxidised by O,

(b) Fe*" is oxidised by iodine

(c) lodide ion is oxidised by chlorine

(d) Mn?* is oxidised by chlorine
(2] While Fe ** is stable, Mn** is not stable in acid solution

because :

(a) O, oxidises Mn?* to Mn>*

(b) O, oxidises both Mn?* to Mn** and Fe2* to Fe3*

(¢) Fe™ oxidises H,0t0 0,

(d) Mn** oxidises H,0 to O,
[3] Sodium fusion extract, obtained fi ili

with ion (I1) sulphate and Slzf\seg‘fri(:‘;,:;::l:- :F ati:eZi‘\r/‘lesn;

I?russialn blue precipitate. The blue colour is due to the °
formation of : -

(a) Fey[Fe(CN)4 ]y

(b) Fe;[Fe(CN
(c) Feq[Fe(CN)41, e

(d) Fe;3[Fe(CN)g ],
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Comprehension 5: The concentration of potassium
ions inside a biological cell is atleast twenty times higher than
the out side. The resulting potential difference across the cell is
important in several processess such as transmission of nerve
impulses and maintaining the ion balance. A simple model for
such a concentration cell involving a metal M is:

M(s)| M (ag), 0.05 M || M * (ag),1M | M(s)
For the above electrolytic cell, the magnitude of cell
potential |[E oy |= 70 mV (IT 2010)
[1] For the above cell :
(@) Eep <0;AG>0 (b) Ecey >0;AG <0
(©) Ecen <0;AG°>0  (d) E.y >0;AG°<0
[2] Ifthe 0.05 M solution of M™ is replaced by a 0.0025 M
solution M *, then the magnitude of cell potential will

be:
(a) 35mV (b) 70 mV
(c) 140 mV (d) 700 mV

Numerical Chemistry

Comprehension 6: The electrochemical cell shown
below is a concentration cell.

o (saturated solution of a

2+
M
sparingly soluble salt) MY M |

MM (0.001 mol dm ™)

The emf of the cell depends on the difference in
concentrations of M 2* ions at the two electrodes. The emf of
the cell at 298 K is 0.059 V. (IIT 2012)

[1] Thevalue of AG (kJ mol ") for the given cell is (take 1F
=96500C mol ') :
(a) -5.7 (b) 5.7
(c) 11.4 d -11.4

[2] The solubility product (K, ; mol® dm™) of MX 2 at
298 K based on the information available for the given
concentration cell is (take 2.303 X R X 298/F =0.059 V):
(a) 1x107%° (b) 4x107"
(c) 1x107*2 (d) 4x10712
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lllmul

Comprehension 1

At cathode two reductions occur, i.e., of Ni%* and H*.

Since, current efficiency of Ni2* is 60%.
Current efficiency for H* is 40%.

Anode : 20H" — H,0+1/20,
Cathode: Ni®" +2¢ — Ni
2H* +2e— Hz
1] (a Atcathode( ):L_w-
(1 @ E) 96500 96500 50
or
At anode
At cathode Ni and H, both are formed and thus
_ 0.5596x 60, 58.71 _
Ni o > 9.856¢g
0.5596x40 2 _
wy, = o xi =0.2238¢g
"+ Vay atNTP = O2B8X224 3 51 jire

[2] (d) Volume on which Ni coated = 4 x 2 thickness =

d
w__ 9.856
=W __9856 433
T =i 5958 o
Thickness (d)=0.138 cm
Bl © wy, =0.2238g
Vi = 22285224 =3 51 kit

[4] (b) wo, =0.5596x 8=4.4768g

4.4768X22.4 _ 2 121
Vo, = HHEE22 =313 litre

Comprehension 2
1] © IZI (b) l3l (),

Fe —— Fe?* +2¢ Egp =

[4] (@ 5] (d)
=+0.440V;

—AG, =2x0.440x F
Fe** +3e— Fe; Egp =—0.036V;
~AG, =3x(-0.036)x F

- Fe’* +e— Fe?*;~IXE°F
=2x0.440x F-3x0.036x F
=+0.772F
: E°=+0.772V
Cell No. l The cell is Fe|Fe?* ||Fe* |Fe
3Fe — 3Fe?* +6e;
Eop =+ 0.440V
2Fe>* + 6e — 2F¢; =-0.036 V
Fe + 2Fe’* — 3Fe™"; Ey =0.404 V
+AG°=-nE°F =-6x0.404 F = - 2424 F

Cell No. 2 : The cell is Fe|Fe2* ||Fe®*, Fe®* |Pt

Fe — Fe?* +2e; Eop =+0.440V
2Fe>* +2¢ —» 2Fe** Egp =+0.772V
Fe+2Fe** — 3Fe™ Eo =1212V

AG®=-2x1212xF =-2424 F

. 242
Cell No. 3 : The cell is Fe|Fe®* ||[Fe**, Fe*" [Pt

Fe Fe* +3e; E°=+0.036 V
3Fe* +3¢ — 3Fe” E°=0.772V
Fe+2Fe’* — 3Fe?; =0.808V

AG°=-3x0.808x F =—-2.424 F
Comprehension 3
[1] (b) Meq. of CI” =4x500=2000
Eq. of CI” =2=Eq. of Cl,
Mole of Cl, =1

4x500 _
[2] (d) Eq.ofNa= 1000

mass of 2 [NaHg] =2 [23 +200] =446 g

Bl @ F E 96500

Q=2x96500= 193000
Comprehension 4
1] () 2I" +Cl, — I, +2CI~

[+ 2C1" — Cl, +2¢]

Ercdox =El:i'c|2 * E(;Plz
=136-054=0.82V
[2] (d) 4Mn** +2H,0 — 4Mn?2* +0, +40H"
E regon =E|‘:_p}v1’| + Egpkzo
=1.50-1.23=027V

Reaction is possible
whereas for Fe** and H,0

E tesox = Expy, + Eopyy0
=0.77-1.23=-046 V
Thus Fe** is not reduced by H,0.
31 (@
Comprehension 5

The given cell is not electrolytic cell as reported. It is
ceoncentratmn cell (a type of electrochemical cell). Also
E® or E may be >0 or < 0 but AG is either +ve or —ve
and not >0or < 0,
As given |E , |= 70 mV means + ve or —
Now Ecar = Egp + Egp

RIS, LHS.

ve value
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s 0.059 ¥ °
=Eor,,,» == 1 108[M" JLus. +ERP;¢

M

+&159 log [M* Jpus.

5
= 0,059 log 1 Jrns.
L.H.S.

=0.059log 31)—5 =0.059%1.30= 0.076 V= 76 mV= 70mV
[1] (b) E.y =+veand AG=-ve

Ee = 1 1
.0591 =0.
[2] (¢) Ecan =0.05910g 0.0025 059 log 005y

=0.059%2x0.76 = 0.146 V=140 mV
Comprehension 6
[1] (d) Atanode:M(s)—> M** (ag.)+2e”
At cathode : M ?* (ag.)+2e~ —> M(s)

Numerical Chemistry

n-factor of the cell reaction is 2.
AG = —nFE . =—2 % 96500 % 0.059 =~ 113873 kJ/mole
=_11.387 kJ/mole = — 11.4 kJ/mol
[2] (b) M |M?* (saturated solution of salt MX ) ||

M* (0001M ) emf of concentration cell,
M* Jrus.
[M* ] us.
0059= 2059 1, (0001
2 M* Jus.
S IM*ys, =10°M
Let solubility of salt be S mol/litre

thus MX, —s M** +2X "
) S 28

.y =059,

Koy =45 =4x(107°)? =4x10715



Electrolysis and Electrochemical Cells

(2)
(b)
(c)
(d)

1.

In each sub question given below a statement (S) and
explanation (E); Choose the correct answers from the
codes (a), (b), (c) and (d) given for cach question:

S is correct but E is wrong

S is wrong but E is correct
Both S and E are corect and E is correct explanation of S

Both S and E are correct but E is not correct explanation
of S

S: Anode is the electrode at which oxidation occurs

and cathode is the electrode at which reduction
occurs.

E : Anode and cathode in electrochemical cells and

electrolyte cells have opposite polarity.
S : An irreversible cell is Zn|H,S0, | Ag showing

redox change :

Zn — Zn** +2e
2H' +2e— H,
Zn + H2504 — ZnSO, +H,

E: The cell on connecting through another cell having

its potential slightly greater than test cell, the redox
reaction becomes:

2Ag —> 2Ag" +2e
2H* +2e— H,
2Ag +H,S04 — Ag,S0,4 +H,
S: E_ is an intensive property.
E: ASO
H,S reacts with oxygen under standard conditions
in acid medium to give H,O and sulphur.
E: E;’/o;/m 2 E:I‘/H}S/S
S : The standard reduction potential of M "M
electrode increases with increase in activity of
M"* ion.
E: The standard reduction potential is given by :

Exp =Erp + 22 l0g [M""]

is also an intensive property.

S : The concentration cell PtH,[HCI |H,Pt would
Py P,

show spontaneous flow of current only when

P, >P, whereas the concentration cell

PtH,|[HCIHCI H,Pt show spontaneous flow of
(O] 1®)
current only when C; >C;.

0.059
E: Casel: E.y=—"F—

#)
2 log )

10.

11.

12.

13.

14,

15.

16.

17.

18.

@» m »m

¢ For primary reference electrode E°

059, . Ci
Casell: Eqy =0—“:-108C_2

: The reference electrode of silver-silver chloride is

used as secondary reference electrode.

: The electrode is reversible with respect toCl™ ions.

Passage of charge through CuSOy (a9) solution in
presence of Pt electrode increases its pH.

: Concentration 0. [OH" ]in solution decreases.

If two half reaction with electrode potential E; and
E, gives a third half reaction, ?en
AG; =AG; +AG,

: E; =E|° +Ez°

1 Faraday is the charge that liberates 1 eg. of metal
at cathode.

: Passage of 1 Faraday charge through ag. MgCl,

liberates 12 g Mg at cathode.

: Electrolysis involves electronation or

de-electronation as a result of passage of current.

: The species undergoes electronation at anode and

other show de-electronation at cathode.

: Very pure form of iron does not show rusting.
: Rusting is catalysed by impurities present in iron

and H* ions.

: The cathode of electrolytic cell during electrolysis

of NaCl (ag) on addition of little litmus shows a
blue colour.

: At cathode : 2H* +2¢—— H,. The reaction at

cathode give rise to an increase in pH ranging in
alkaline mediurh and litmus shows blue colour.

: Inconcentration cell neither electronation occurs at

cathode nor de-electronation at anode.

: The electrical energy is produced due to decrease

in free energy during the transfer of concentration
for high to low region.

: In case of H' and Na present in a solution

discharge of H" is preferred at cathode.

: The higher is discharge potential of ion, lesser s its

tendency to get discharged.

: Milliequivalent of a metal discharged at cathode

during electrolysis = -~
g ysis = o

: This is faradays I law of electrolysis.

Pt H,/HCl at 25°C E}; =0.

wne =0.

3E\ . :
a7 ), is called temperature coefficient of e.m.f.
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19.

20.

21.

22,

23.

=

3 (g—?) may be +ve, —ve and depends upon heat of
P

reaction.

: Liquid junction potential can be eliminated by

putting a salt bridge of KCI,

¢ The function of salt bridge is to remove liquid
junction potential because the salt used has same
speed of cations and anions.

: The electrolytic cells involve conversion of

electrical energy into chemical energy.

¢ An increase in free energy is responsible for the
flow of current.

: During electrolysis of CH;COONa the molar ratio

of gases formed at anode and cathode is 2 : 1.
: Anode : 2CH;CO0™ —— C,H¢ +2CO, +2¢
Cathode: 2H" +2¢e——H,

: Electrolysis of CuCl, (ag) gives 1 mole of Cu and

1 mole of Cl, by the passage of suitable charge.
: Equal equivalents of Cu and Cl, are formed during
the passage of same charge.

: A copper rod turns colourless solution of ZnSO, to

light blue.

: Zn reduces Cu®* to Cu.

24.

25.

26.

27.

28.

29.

30.

: Anode

: E°N‘l ek is lesser than E°

= =e

H )

Numerical Chemistry

possesses ~ negative  polarity in

electrochemical cell.

: Anode is the electrode which show liberation of

electrons and thus electrode acquires negative
charge because electrons are left on electrode.

: Zinc protects the iron better than tin even after it

cracks.

H E(u)pz" < ESPFo but Eapsn > E(o)ng
¢ Adry cell becomes dead after a long time, even if it

has not been used.

: Reaction of NH4Cl and Zn is spontaneous one.
: The anode of Daniell cell possesses negative

polarity.

: The zinc electrode shows oxidation and thus

becomes —vely charged with respect to surrounding
solution.

: Rusting of iron is favoured by moist air, CO, and

02.

¢ Purest form of metal is not corroded.

Discharge potential of Na* is more than H*.

H/HY

Discharge potential of Cl~ is lesser than OH".

- <E®

o
Cl/cl HO/OH™"
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ANSWERS (Statement Explanation Problems)

1. (d) Both are facts.
2. (¢) In reversible cell, redox change is reversed if it is

3.

4.

5.

6.

N

10.
11.

©

(©)

(c)
()

@
©

(a)
(a)
(a)

connected with another cell of slightly higher e.m.f. but
in test cell it is not so in this cell.

-AG°=nE°F E°= _Ago . Since, AG s
n

intensive property and then E° is also intensive

property.

The half cell reactions gives a redox change with +ve

value of £,

2H*+%01+2e-—»ﬂzo -y
HyS— 2H™ +S+2 Egp =B
H,s»«%o2 — 5 H,0+S
Ecan =50P“5/H+,s +ERP0um
E . =+ve (GnvenERpH,(ozm >E”H*/H§/s)
Explanation is correct reason for statement.
H, [HCl H, H, |HCl|HCl|H,
P, P, G |C

H, (P, )— 2H' +2e

H, — 2H' (C) )+ 2¢
2HY, +2e—> H,

Hy (P )— Hy(P2)

0.059
2
lfPl > Pz Eeell =+ve

Both are facts.
Anode : 2H,0— 4H" + 0, +4e

or 20H" ——>H20+—;02+2e

+
H+Cz HC 1

0.059,
2

P C
Een = log P_; Ee = 0g C_:

lfCZ > Cl Eccll' =+ve

Cathode : Cu?* +2e— Cu.
In such case E° are not additive.
MgCl, (aq) shows discharge of H" and not of Mg At

Electronation (reduction) occurs at cathode and
de-electronation (oxidation) occurs at anode.
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12. (d) Both are facts and true.

13.
14.

15.
16.
17.

18.

19.

- 20.

21.
22.

23.

25

26.
27.

28.
29.

30.

©)
(b)

©
©)
(b)

()
©
()
(b)
(©)
()

©
(2)
(©)
(c)

d
@

(b)

Explanation is correct reason for statement,

In concentration cells no doubt oxidation occurs at

anode and reduction at cathode but net redox change is

zero.

Explanation is correct reason for statement.

Explanation is correct reason for sta 4 )

Primary reference electrode is l,’tHz |HCl at 25°C its
=m

M
Ef =0,
N 9E) _rl i@) i
AH = nF[T(-a—T)F E]. where (8T " is temperature
coefficient.

Explanation is correct reason for statement.

In electrolytic cell, electrical energy is given to

produce chemical changes.

The molar ratio of gases at anode and cathodeis 3 : 1.

Anode : 2CI"— Cl; + 2¢

Cathode : Cu?* +2e— Cu

Zn+Cu* — Zn?* +Cu.CuSO, solution turns
Colourless

light blue on addition of Zn.

Explanation is correct reason for statement.

Eopz,> Eopye; Eops, < Eopg,

Explanation is correct reason for statement.

Zn —> Zn?" +2;
Electrode Solution

The electrons remaining on Zn electrode develops
negative polarity.

Both are correct.

Higher is discharge potential, lesser is tendency
discharged. In case of cation discharge potential :fgte;
for Egp.

o
Eor Na/Na* < Eor H/H*

o

In case of anion discharge potential refers for E, ;,. and

therefore E° >E°
opcIm/cl ~ FOPOH™/HO"
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== MATCHING TYPE PROBLEMS s
L] ]

Type|l: Only One Match Is Possible Type lil: One Match From Each List

1. F i ction;
or a given l::t;l;):e i . i St Tt B List C
¥ . }) M)Coulometry  a. Electro (i) Analysis of a gas
() A = Ere/ré e EFe“ ke () n=2 deposition sample
\)@ E; = FdFez + EF:’ g2 (i) n=3 2) Eudiometry b. ﬁo:;t;;it:‘on (ii) Copper voltameter

) ©E; = FdF‘;» +EF‘,‘,FJ‘ (ili) n=6

Type I:

)

’) (®) Ag-AgCI(s)

More Than One Match Are Possible
/193, (A) Corrosion (i) Brown deposits on Fe
/ (B) Rusting (ii) Green deposits on Cu
(C) Electrolysis, /Qm) Blackening of Ag coins
” }D) Faraday (iv) Electronation
(v) De electronation
(vi) Charge on one mole electron
(vii) 96500 C
(viii) Electroplating
3. (@) Calomel electrode 1. Reversible with respect to
ClI~
2. Reversible with respect to H*

r

electrode
N.H. Electrode 3. E°=0
( PtH-. H* 4. E° varies with KC| molarity

5. Secondary reference electrodes
6. Primary reference electrode

4 @A) Zn|Zn* ||Cu® |Cu 1. Reversible cell

(B) Ag|Ag  ||H" |H; 2. Irreversible cell
>\ (C) Lead storage Battery 3: E:,” =+ve
\(D) Cd|CdO(s) KOH (ag) || 4. Ecan =-ve
i NiO, (s) | Ni 5. Redox cells
6. n=2
7. No liquid junction
potential

Electrolysis and Electrochemical Cells

IIIEMIII

1.
2
3.
4,

3) Potentiometry c. Titration (iii) Optical rotation

‘T.‘Conductometry d. Micellisation (iv) Migration of ions
) study
e. Optical

activity

(v) Glass electrode
/5. Polarimetry

6. The standard reduction potential data at 25°C is given
below : [JEE (Advanced) I12013]

E° (Fe**, Fe*")=+0.77V;

E° (Fe, Fe)=-0.44V

E° (Cu®*, Cu)=+0.34V;

E° (Cu*, Cu)=+0.52 V

E° (0,(g) +4H" +4¢~ = 2H,0]=+1.23 V;
E° (0,(g)+2H,0 +4e” — 40H™ ] = +0.40.V
E° (Cr*, Cr)=-0.74V;

E° (Cr*, Cr)=-091V;

Match E° of the redox pair in List I with the values
given in List II and select the correct answer using the

code given below the lists : /
ist IT

ListI

(P) E° (Fe*, Fe) (1)-0.18V
(Q) E° (4H,0 += 4H' +40H") (2)-04V
(R) E° (Cu®* +Cu—2Cu™) (3)-0.04V
(S) E° (Cr*,Cr?) (4)-083V
Codes:
i P Q R S
@ 4 1 2 3
(b) 2 3 4 1
(c) 1 2 3 4
— @) 3 4 1 2

A—iii; B—i;
« A—i, ii, iii,iv,v; B—i, iv, vy C—iv,v,viii; D—vi, vii
A—I1,4,5; B—l,5; C—2,3,6; D—2
. A—1,3,5,6; B—2,4,5,6; C—1,3,5,6,7;
D—1,3,5,6,7
1-a-ii; 2-b-i; 3-c-v; 4-d-iv; 5-e-iii
@)
3e+Fe3* — Fe;
Given
e+Fe’* — Fe?'; 0AG,; =-1xQ77xF
2e+Fe** — Fe; AG; = -2x(-044)x F
On adding last two
Fe** +3e— Fe; AG, = AG; +AG;

AG, =-0.77F +0.88F = +0.11F

C—ii

AG, =-3XE, XF

—351 XF =+011F
=-004
Thus Pis(3)
Ccr¥ +e— Cr?;
Given
Cr3* +3e— Cr;
Cr?* +2e— Cr;
On substracting (ii) from (i)
cr¥t +e— Or?;
AG; = +2.22F - 1.82F
& =IXE,F =—04F
=04V
Thus Sis (2)

AG, =-1xE, XF

AG, =-3x(-0.74)xF ...(i)
AG; =-2x(—-091)X F . .. (ii)

AG, = AG; - AG;
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