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[ ELECTROCHEMISTRY and Conductance

Ml iccrroLyTes |
Solid and liguid substances, which are able to conduct the electric current, can be roughly divided

into two categories i.e. metallic conductors and electrolytic conductors.
In metallic conductors or electronic conductors, the electric current is carri

by the mobile

appreciable movement of the matter.

Electrolytic conductors or electrolytes are distinguished from meta
the current is carried by ions and not by electrons. The application
charged particles of matter to move, the positive ions move to
move  towards the anode.  Thus, passage ric  current  through
an electrolyte is always accompanied by transfer of mat anifested by changes in
concentration, and also by visible separation of material at\the pointS\whergythe electric current enters and
leaves the electrolyte. Electrolytes generally employediare sa rm or salts dissolved in water.

Bl ciccTroLvsis |
Let us take two rods of suitable s, which are inserted in the electrolyte

solution of MCI. The rods are how con of electromotive force (E.M.F.). The electrode at
which the electrons enter the cell is{€alled t e electrode or cathode while that at which the
electrons leave is know e positive electrode or anode.

The cations carry a positive

ential causes these
the negative ions

M +e — M

At anode; CImF — %Cl,+e

Thus, electrolysis is a process of chemical
decomposition of the electrolyte by the passage of
electric current. It is carried out in a cell called
electrolytic cell. This cell converts electrical
energy into chemical energy. The principles of
electrolytic conduction are best illustrated by
reference to an electrolytic cell such as shown in
figure 1. The entire assembly except that of the
external battery is known as the electrolytic cell. Figure 1. Electrolytic cell
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Electrochemistry and conductance

There are two types of electrodes used in the electrolytic cell, namely attackable and
non—attackable. The attackable electrodes participate in the electrode reaction. They are made up of
reactive metals like Zn, Cu, Ag etc. In such electrodes, atom of the metal gets oxidised into the
corresponding cation, which is passed into the solution. Thus, such anodes get dissolved and their mass
decreases. On the other hand, non—attackable electrodes do not participate in the electrode reaction as they
are made up of unreactive elements like Pt, Au, graphite etc. Such electrodes do not dissolve and their
mass remains same.

£l FARADAY’S LAW OF ELECTROYSIS

Faraday established the relationship between the quantity of electricity passed through an
electrolyte and the amount of material liberated or deposited at the electrode. The quantjy of electricity is
equal to the product of the current strength and the time for which it is passed. The results of Faraday’s
finding can be put in the form of two laws of electrolysis.
3.1 FIRST LAW OF ELECTROLYSIS

The amount of any substance deposited or dissolved at a particular electrodg is ortional to
the quantity of electricity utilized i.e. w oc Q.

or woc (I xt)

or w=ZIt

where w is the mass of substance deposited or liber
in coulombs, 1 is the current strength in amperes, t is the
seconds and Z is the electrochemical equivalent. Rem
it is the amount of charge utilized.

Electrochemical equivalent is the mas ited in gram either by passing one
coulomb of charge or by passing one ampere of ¢ econd.
ole of electrons.

, Q is the amount of charge utilized
t flows through the cell in
amount of charge passed but

ce deposited at any electrode. Since, 96500 coulombs of
a substance, therefore one coulomb of charge would deposit

. is the area of the article to be electroplated, | is the thickness of layer deposited and d is
the density 0¥metal deposited.

The above formula finds application in electroplating of metals.

An important use of this equation lies in its application for the measurement of quantity of
electricity or of current strength or the time taken for discharge of an ion or cathode area or thickness of
deposited layer or density of metal deposited, whichever is unknown.

3.2 SECOND LAW OF ELECTROLYSIS

The amounts of different substances deposited or dissolved by the same quantity of electricity

are proportional to their respective chemical equivalent weights.
W= Elt
96500
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Electrochemistry and conductance

It can be rearranged as w__It __Q
E 96500 96500

= Number of equivalents

w e
" £ Constant [as charge utilized is same]

This means that if the quantity of charge passed through electrolytic cells connected in series is
same, the equivalents of substances deposited at various electrodes would be same. Another way of stating
this law is that the same quantity of electricity will produce chemically equivalent quantities of all
substances resulting from chemical processes. A direct consequence of Faraday’s second law is that 96500
coulombs of electricity will yield one equivalent of any substance.

For example, consider the given reactions at two different cathodes in two different electrolytic
cells connected in series.

Ag'+e — Ag

Cu”* +2¢6 ——Cu ; ’
Let us assume x mole of electrons is passed through both the cells.

Mole of Ag deposited = x %
Equivalent of Ag deposited =x x 1 =X

Mole of Cu deposited = g

Equivalent of Cu deposited = %x 2=x

Thus, it is evident that the equivalents of bot
same number of mole of electrons are passed, which i

aqueous solutions and fused electrolytes 3 oy {f de reaction leads to metal deposition or
not. The law is even valid during simultas i 2 of two species in the solution.

and more than one anion{for exa eous solution of the ionic electrolyte), then the cation and anion
that will get dischar bility of cation to get reduced and the ability of anion to get
oxidised.

enhance the ability to discharge while the other factor may hamper it. This can
basis of quantitative value assigned based on the cumulative effect of all the

higher standard reduction potential value is discharged in preference to cation with lower SRP value
provided the ions are
at 1 M concentration. For an anion, the standard oxidation potential (SOP) values are compared and anion
having higher SOP is preferentially discharged, if the concentration is 1 M for each of the ion. The SRP
values at 25°C for some of the reduction half reactions are given in the table below.
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Electrochemistry and conductance

S. No. Reduction half cell reaction E° in volts at 25°C
1. F,+2e —> 2F +2.65
2. S,0% +2e— 2507 +201
3. Co* +e — Co* +1.82
4. PbO, + 4H* + SO?™ + 26" — PbSO, + 2H,0 +1.65
5. MnO ; +8H" + 56— Mn?* + 4H,0 +1.52
6. AU* +3e —> Au +1.50
7. Cl, + 26" —— 2CI +1.36
8. Cr,07 +14H" +6e" —— 2Cr** + 7H,0
9. 0, +4H" + 46 — 2H,0
10. Br, + 26— 2Br~
11. NO; +4H" +3e"—— NO + 2H,0
12. 2Hg* + 26" —— Hg3*

13. Cu* +I'+e- — Cul
14. Ag'+e —> Ag

15. HgZ" +2e — 2Hg
16. Fe** + e —— Fe?

17. I, + 26" — 2I

18. Cu"+e —— Cu

19. Cu**+2 —>Cu

20. Hg.Cl, + 26— 2Hg + 2Cl
21. AgCl+e —— Ag + CI”
22. Cu*+e——> Cu'

23. Sn* +2e —

24, *

25.

26. P

27. Sn**

28.

29.

33.

34, Cr¥*+3e —>Cr

35. Zn* +2e — Zn

36. 2H,0 + 26" —— H, + 20H"
37. Mn? + 2e"—> Mn

38. AP +3e— Al

39. H, + 26" —— 2H

40. Mg®* + 26— Mg

41. Na"+e ——> Na

42. Ca®* +2e —> Ca
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Electrochemistry and conductance

43, Ba’* +2e° —> Ba -2.90
44, Cs"+e ——> Cs -2.92
45. K'+e —> K —2.93
46. Li* +e — Li -3.03

When solution of an electrolyte contains more than one type of cations and anions at
concentrations different from 1 M, the discharge of an ion does not depend solely on standard potential but
also depends on the concentration of ions in the solution. This value is referred as potential, known as
reduction potential for cation and oxidation potential for anion. The relation between reduction potential
and standard reduction potential is given by Nernst equation, as

- RT, [concentration of product]

Ere = Egp ——1In
RP .
nF  [concentration of reactant ]

preference to cation (B) having higher standard reduction potential becaus
such that the reduction potential of A* is higher than that of B”.

When two metal ions in the solution have identical val of their red
simultaneous deposition of both the metals will occur in the for

Ilustration 1

Question: In the refining of silver by electrolytic weight of 100 g of silver anode
if 5 ampere of current is passed for 2 higiThe purity of'Silver anode is 95% by weight.
Solution: In the electrorefining, pure Ag fro idized and deposited at cathode. Thus, the
mass of anode decreases while that o
At anode: Ag—— Ag* + ¢~

ion potential, the

preduce 1 kg of MnO,?
Solutio During electrosynthesis of MnO,, the reactions occurring at the two electrodes are
At anode: Mn?* + 2H,0 ——> MnO, + 4H" + 2¢~
At cathode: 2H" +2¢e"——> H,
Let the time required to produce 1 kg of MnO, be t seconds.
255xt y ﬂ
96500 100
25.5xt y 85 y 1
96500 100 2
25.5xt 85 1 g7=1000
96500 100 2
. t=1.023x 10° sec or 28.43 hr
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Electrochemistry and conductance

] ELECTROLYTIC CONDUCTANCE

Molten electrolytes and the aqueous solutions of electrolytes contain free ions and conduct
electricity due to the movement of ions.

We know that Ohm’s law is applicable to metallic conductors but it is

conductors. According to the Ohm’s law, the resistance of a conductor is dir
and is inversely proportional to the area of cross—section of the conductor.

S Ra i
a <
or R=px !
a
where ‘I’ is the length and ‘a’ is the area of cross—Séction of'thie salution column held between the
electrodes and p is the resistivity of the solution.

o vahid electrolytic

to the length

Now, if I =1 unit of length and a = 1 unitof are
R=p
i.e., p is the resistance of the sol
each and separated by a distance of on

For solutions, it is
Conductance (G) is relateg

think of conductance (G) rather than resistance.
ace (R) by the relation,

or G=i
R

(G) is ohm™ or mho . The unit ohm™ is now a days called

I/a Cell constant
R  Resistance
The quantity 1/p is termed as specific conductance or conductivity (k).
Now, if 1 =1 unit of length and a = 1 unit of area, then
k=G
Thus, the conductivity may be defined as the conductance of any solution held between two
electrodes of one unit area each and separated by a distance of one unit.

Conductivity (k) =
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Electrochemistry and conductance

The units of conductivity depends upon the units in which the quantities G, |and a are measured.
G is measured in the units of ohm™or Siemen.

In Sl system of units, the length (l) is expressed in metre (m) unit and the area of cross—section (a)
is expressed in square metre (m?). The unit of conductivity (k) is then derived as
_Gxl Sxm
=T

Thus, the SI unit of conductivity (k) is S m™ (Siemens / metre). It should be noted that
1Sm*t=1ohm™*m™

In CGS system, length (1) is measured in cm, and the area of cross—section (a) in centimeter square
(cm?). So, the units of conductivity (k) in CGS system is

I _ Sxcm

k=G x — =
a cm?

k =Sm?

=Scm*!

il EOUIVALENT CONDUCTIVITY

In order to compare the conductivities of different electrolytes, it i
called equivalent conductivity. The equivalent conductivity (Aeq) n electrolyte
defined as

“The conducting power of all the ions furnished byfone equiva of an electrolyte in any
solution is termed as its equivalent conductivity.”

Thus, equivalent conductivity is expressed as

. . Con i Yy (k
Equivalent conductivity (Aeq) = : : u ) :
Concentgat ion alggt’s per unit volume (C,,)
L A=

hi

to use a quantity
lution may be

p the units of A, depend upon the units in which
d.
If the conductivity is i and concentration is measured in equivalent/litre, then

><1S cmtx1dm?®

1equiv
1equiv
LR K 5 o2 equiv *
eq
q= _ 1000 k —— Scm?equiv .
Normality of the solution
k

The equivalent conductivity is expressed by Aeq =——
eq
where Cg is the concentration of electrolyte in terms of equivalents per unit volume.
By definition, the volume of solution containing 1 equivalent of the electrolyte is given by

1
Veq [
Ceq

When C,q is expressed in terms of equivalent per litre, then V¢, has the units of litre per equivalent.
S0, A= K(Scm™) x Vg, (dm® per equiv)
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Electrochemistry and conductance

= K (S em™) x Veg[(10 cm)? per equiv)]
= 1000 k(S cm™) x Veq(cm?® per equiv)
Aeq=1000k Vg S cm? equiv™

@ MOLAR CONDUCTIVITY

The conducting power of a solution can also be described in terms of molar conductivity (An). The
molar conductivity (A) may be defined as

“The conducting power of all the ions furnished by one mole of an electrolyte in any solution is
termed as its molar conductivity”.

Thus, molar conductivity is expressed as

Conductivi ty (k)

Molar conductivity (An) = — :
Concentrat ion in moles per unit volume (C..)

Actual mathematical form and the units of A,, depend upon the unit
and concentration (C,,) are expressed.
When the conductivity is measured in S cm™ and concentratjgp is m

expression of A, becomes

_ kScm™ k 1Scm™*xldm?
Ap= —=0 = 0
C, moldm™= C, 1mol
_ 18 cm™t x (10 cm)?

ity (k)

I/litre, then the

k
Cn 1mol

1000 k Scm? mol

m

_ 1000 k 1
m= - , S cm€mol .
Molarity of the selution

K
C

where C, is the ¢ancent he solution in moles per unit volume. By definition, the volume
of solution containin e te is given by

Molar conductivity is sed b =

m

is expressed in terms of moles per litre, then V, has the unit of 1litre per mole. So,
cm™) x Vy(dm?® per mol)

(Scm™) x Vp, [(10 cm)? per mol)]

=1000k V,, S cm?mol™

k

According to the definition, Am

and Aeg =

Co
L (i)
Co

For a solution containing a certain mass of solute per unit volume of the solution
(let us say ‘w’ gram per litre), we can write
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w w
Cn= and Ceq = -

Molar mass of the electrolyt e Equivalent mass of the electrolyt e
From these relations, we can write

C,, _ Equivalent mass of the electrolyt e

Ceq Molar mass of the electrolyt e

We know that molar mass of an electrolyte = z x Equivalent mass of the electrolyte
where z is the number of equivalents of electrolytic charge per mole of the electrolyte.
(For example, n—factor of electrolyte).

Cm L (iii)
Ceq
- . . . Cm Aeq .
Using equation (i) and (ii), we get —™ = weeea(1v)
Ceoq An
Then, from equation (iii) and (iv), we get
A
= 1 or An=12x
Am

where z can have values equal to 1, 2, 3, ....

il KOHLRAUSCH’S LAW

At very low concentrations, the molar conduc

ity at infinite dilution (A7, ). At such
high dilutions, the interionic attractions become ne ch ion migrates independent of the other

independent ion migration. The Kohlr ' of molar conductivity is stated as follows
“At infinite dilution, the mola

A, =

where v, and y_

and 1 and A~
The use of

illustrated
1.
d&tivity of HCI at infinite dilution can be expressed as,
A§C| = (v AT)+ (Ver 7‘3‘ )
F . vpr=land v =1
So, Ape =(@xAT)+(Lx kg )

o0

N = A+ NG

2. Molar conductivity of MgCl,
For MgCl,, the molar conductivity at infinite dilution can be expressed as,

A;gClz = (VM92+ 7\'::9%) + (VCI’ 7bzr)
For MgCl,, Ve =land vgo =2

So, Apga, = (1% 7»;92+)+ (2xhg)
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0

Ayigci, = A;gb + 2N
3. Molar conductivity of CH;COOH
CH;COOH —— CH3;COO™ + H*
So, the molar conductivity of CH;COOH (acetic acid) at infinite dilution can be expressed as,

o0 o0

o0
ACH3000H - (VH+ A H* )+ (VCH3COO' A CH3C00~ )

For CH;COOH, V= land v =1

CH3C00™

o0 o0 o0
ACHSCOOH = )‘H+ + ACH3COO_

The molar conductivity of a weak electrolyte at infinite dilution (A ) cannot etermined by

extrapolation method. But A, values for weak electrolytes can be determined by e Kohlrausch’s

equation. According to the Kohlrausch’s law, the molar conductivity of acetic
by,

o0

ASHSCOOH = (VH* 7“:*) + (VCH3COO" XCH3COO’ )=(1x 7“:*) 1% )

Considering the values of ", and A~ _, we get
H CH3CO0

Aéuycoon = (349.8 +40.9) S cm? mol™ = 390.7

Sometimes, the molar conductivity values for the
procedure is adopted.

(i) Select a series of strong electrolytes suclithat the sum/difference of molar conductivities of

their ions gives the molar conductivities of t f electrolyte. Generally, three strong

electrolytes are chosen.

. In such cases, following

(i) Measure A, values of these s tes) at various concentrations (C,,) and plot

A against \/Em for eachfSalt sep
extrapolation method.

(iif)  Add and/or
the molar co

termine A,. for each salt (strong electrolyte) by

the equati o0 getthe A, of the weak electrolyte. Let us determine
eak electrolyte, MA at infinite dilution. For this purpose, we take

o0 0 o0
’NaCI - ++ 7\/

lesetequations, one can write,

Apaa = Anaci= (e #hg ) + (A + 2, )= (M + A )= Ao+ 00, = Ay,

A A~
So, Aua = Aua + Ajaa— Aac
Thus, the molar conductivity of a weak electrolyte at infinite dilution can be obtained from the A,
values of three suitable strong electrolytes.
llustration 3
Question: The value of A, for HCI, NaCl and CH;CO;Na are 426.1, 126.5 and 91 S cm® mol™ respectively.

Calculate the value of I\: for acetic acid.
Solution: Using Kohlrausch’s law,
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[e] L) 0 .

AHCI =2 H* + A cr . (1)

AG =7 + A7 (ii)
CH3CO,Na CH4CO3 Na* e

and  Afaq = A+ A o)

Adding equations (i) and (ii) and subtracting equation (iii), we get

0 © 0 _ ®© © 0
Ancrt Ach,cona™ Anaci™ Ayt At A

= 7\.0|3++ A

CH5CO3 Na*

—hy, ;\‘CI’

Na*

+A°

= A ©
CH3CO3 CH;CO,H

AGu,com = (426.1+91 - 126.5) = 390.6 S ami mol ™

S5

(_)%
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Electrochemistry and conductance

PROFICIENCY TEST- |

The following 10 questions deal with the basic concepts of this section. Answer the following
briefly. Go to the next section only if your score is greater than or equal to 8.
Do not consult the study material while attempting the questions.

1 True/False.  In highly alkaline medium, the anodic process during the electrolysis is
40H" —— 0O, + 2H,0 + 4e~

2. True/False. Compounds of active metals (Zn, Na, Mg) are reducible by H, whereas those of
noble metals (Cu, Ag, Au) are not reducible.

3. True/False. The mass of a substance deposited on the cathode or anodedu electrolysis is
givenby w =E?It

4. True/False. Faraday’s second law of electrolysis is related t e equiva ass of the
electrolyte.

55 ohms. The cell constant is

5. True/False.  Equivalent conductance at infinite dilution alt AB is equal to the sum of
equivalent conductances of ions, A" and B™ at infinite dilugion?
6. The specific conductance of a 0.1 N KCI sofdgtion ,at 23°Gh is 0.012 ohm™ cm™
The resistance of the cell containing the soluti tt ame erature was found to be
ode.

7. Dilute sulphuric acid on electrolysis liberates at the
The electrical conductivity of a solutio cetic ac _ if a solution of sodium
hydroxide is added.

9. Acationhavinga___ re

10. When an aqueous solution of
cathode are and
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ANSWERS TO PROFICIENCY TEST-I

True
False
True
True
True
0.66 cm™
0,
increase
higher
0, & H,

©ooN O~ wDE

|
©

I\l ELECTROCHEMICAL CELLS

Let us take a zinc rod, which is dipped in a solution of CuSO, taken I r'ag,shown in figure

2. After some time, we see that the Zn rod starts dissolving and Cufstarts depositingjen its surface. This

happens because Zn gets oxidised to Zn?* ions, h int he solution and

2 electrons remain on the Zn rod. Then, Cu?* ion from the solUtien takes up these 2 electrons to form Cu,
which deposits on the Zn rod.

Zn(s) + Cu?*(aq) — Zn*'(aq) + Cu(s

Zn rod

Cu. In this case,
evolved.

irectly and the heat of the reaction is converted into electrical energy. This
ion of Zn rod from CuSO, solution. Such cells in which the oxidised and reduced

An electrochemical cell consists of two half—cells or electrodes. The electrodes are metallic
conductors dipped in an electrolyte, which is an ionic conductor dissolved in water. A metallic rod and its
electrolyte comprise an electrode or half—cell compartment. The two electrodes may share the same or
different electrolyte. The various kinds of electrode used are

(i)  Metal-metal ion electrode (i)  Gas—gas ion electrode

(iii) Redox electrode and (iv) Metal-insoluble metal salt—anion electrode;

which are discussed in a separate section later.

In a given electrochemical cell, combination of any of the two electrodes can be used.
The cell may even contain same type of electrodes with different concentration of electrolytes. When an
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‘inert metal’ is part of the electrode, it acts as a source of electrons, but does not take part in the reaction. If
the electrolytes are different, the two compartments may be joined by a salt bridge, which is a concentrated
electrolyte solution in agar—agar jelly that completes the electrical circuit and enables the cell to function.
Thus, salt bridge provides an electrical contact between the two solutions without allowing them to mix
with each other.

The simplest electrochemical cell to study is Daniel cell, which is shown in the figure 3. This is
prepared by dipping Zn rod in a solution of ZnSO, in one beaker and by dipping Cu strip in a solution of
CuSOy, in another beaker. It consists of two redox couples, Zn** | Zn at one end and Cu?* | Cu at the other
end. Since Zn has a higher oxidation potential than Cu, so it has higher tendency to get oxidised than Cu
and conversely Cu®* has higher tendency to get reduced than Zn**. At this stage, no reaction takes place in
either of the beakers. Now, the two half—cells are connected by connecting wire throu ammeter. As
soon as the connection is made, Zn rod starts dissolving i.e. Zn atom changes to Zn ing 2 electrons.

standard oxidation potential, if the concentration of Zn%" in the
developed at Cu** | Cu half—cell also, when Cu®*" discharges
referred as reduction potential as reduction takes place on this'@lectrode. TheYpotential is called standard

y Cathode (+)

—> Cu strip

Anode (—)‘

Zn strip

|~ cuso,
— Solution

Vgure 3. Setup of a Daniel cell
has the'glectron left by the zinc (that got oxidized) becomes negatively charged

ns to Cu?* becomes positively charged. Thus, electric current flows
ich is indicated by a deflection in ammeter showing that a chemical
ell. During the course of reaction, zinc rod gets dissolved and copper gets

ZnSO,<—t
solution

The zinc
while the Cu rod

e reactions occurring at the two electrodes are
At anode: Zn(s) —> Zn*(aq) + 2¢

Atcathode:  Cu®*(aq) + 26" —> Cu(s)

This current flow stops after some time. Think, why it happens? As zinc rod dissolves, let one
mole of Zn atom dissolves to form Zn?*, which passes into the solution and 2 mole of electrons remain on
the rod. Thus, rod becomes negatively charged and the solution becomes positively charged. With the
passage of time, the solution becomes so much positively charged that any Zn atom getting oxidised and
trying to get into solution, would be repelled by the solution and thus the oxidation of Zn stops. Same
phenomenon occurs at cathode and the reduction of Cu?* at cathode ceases. As the flow of electrons stop,
so does the flow of current. This problem can be removed with the use of salt bridge. The salt bridge

Page number ( ) For any queries |Gmail: harishankarb7@gmail.com | Contact No. : 9874249567




Electrochemistry and conductance

contains a highly soluble electrolyte (like KCI, NH;NO;, NH4CI, KNO; etc) in which ionic mobilities of
cation and anion are of comparable order.

Now, let us examine the function of salt bridge. Since zinc ions are produced as electrons leave the
zinc electrode, this tends to produce a net positive charge in the left compartment. The salt bridge then
throws cations having equivalent charge into the solution to maintain electrical neutrality. Thus, the salt
bridge keeps the solution electrically neutral by passing an appropriate amount of cations or anions to the
two half—cells (compartments). Thus, the purpose of the salt bridge is to prevent any net charge
accumulation in either compartment. Salt bridge does not participate chemically in the cell reaction but it is
essential for the cell to operate. With the use of salt bridge, the flow of electrons becomes continuous and
cell continues to operate. But after some more time, cell ceases to operate. Can you guess why it stops
operating now?

CELL NOTATION OF AN ELECTROCHEMICAL CELL

(i) Anode is written on the left side and cathode is written on the right side.

(if) Phase boundaries are indicated by vertical bar or slash.
(iii) Concentration of the electrolytes in the anode and cathode must be wWiitten in‘are
(iv) In case of a gas, the partial pressure is to be mentioned in atm or mm
(v) A comma is used to separate two chemical species present in
(vi) A double vertical line i.e. | | denotes that a salt bridge is e
(vii) EMF of the cell is written on the extreme right o representat
For example,

(i) Zn(s) | ZnSO,(c; M) || CuSO4(c, M) | Cu(s)

(if) Pt | Hy(Pyatm) | HCI (c M) | AgCI(s) | Ag

Nernst equation is u : —cell potential or EMF of a cell with the concentration
of the involved species. S ider a redox change occurring in a electrochemical cell,
zC +

e concentrations vary i.e. they are either gases or solution phases.
per mole of A can be given thermodynamically as

¢= zG¢ +RT In[C]?
and aGp = aGj + RT In[D]?
Now, the free energy change for the overall cell reaction can be deduced as
AG:(ZGC + aGD) - (XGA + yGB)
= zG¢ +RTIn[C]*+ aG, +RTIn[D]? -xG, - RTIn[A]*- yG; —RT In[B]”
o o o o [C]Z[D]a
=(zG¢ +aGp)-(XGx +YG )+ RTInN—/———
(2G¢ +aGp)~(XGj +YG) AT BF
[C1*[D]*
[A *[B]”
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Electrochemistry and conductance

where AG® is the free energy change when all the reactants and products are present at one molar
concentration.

Any spontaneous reaction occurring in a cell, occurs with a decrease in free energy. This decrease
in free energy brings in an equivalent amount of electrical work obtainable from a given system over and
above any PdV energy that can be delivered to the surrounding. This can be calculated by the total charge
driven through cell and the potential difference. Thus

—AG = Total charge x EMF of the cell

—AG = nF x Eg
[Negative sign indicates decrease of free energy and it implies that as E, becomes more and more
positive, AG will become more and more negative, making the reaction spontaneous]

Similarly, -AG® = nFE_,,

Therefore, equation (i) can be written as (
z a
—NFEq =-NFE_, +RTIn w
[A[B]”
Dividing both the sides by — nF gives,

o RT Cl*[D)?
ECG” = EceII T In%
nF - [A[B)
Putting T = 298 K, R = 8.314 J/mol K, F = 96500 C
o 0.059 [C]*[D]®
cell — lo
n [A*[B]”
The equation (ii) is called Nernst equati
complete cell reactions.
Daniel cell represented as Zn(s) | C2 M) | Cu(s) assumes that Zn is the anode
and Cu is the cathode. Such an assump
The cell potential is given in t
all our problems.

[

EceII =E

to half—cell reactions as well as to

Ecen = ERP(Cathod '
or  Ecen = Eopy

tial of the cathode while Erpeanodey IS reduction potential of the
ential of the cathode while Eopancde) IS the oxidation potential of the

Cu* +2¢e ——>Cu

o

RT
ECU2+|Cu - Flog Qc (Or Qpc)

cu|cu

E;u2+ uis the standard reduction potential of the given half reaction, R is the universal gas

Ic
constant, T is the absolute temperature at which cell works, F is the Faraday constant and n is the number
of mole of electrons as seen in the reaction. The expression in the log term should be that of K. or K. This
means that if reaction involves no gases, then the expression in the log term should be that of K. while if a
gas is involved then the expression in the log term  should be that
of K. In these expressions, the concentration should always be in moles per liter while the partial pressure
should be in atmosphere units.

o 0.059 1

cu®flcu 2 0O [Cu2+]

Page number ( ) For any queries |Gmail: harishankarb7@gmail.com | Contact No. : 9874249567

= E

CU2+| Cu =




Electrochemistry and conductance

For anode: Zn* +2e — > 7Zn
o 0.059 1
EZn2*|Zn = EZn2+| 2w log Zn?]
AS Eg = ECUz*ICu - EZn2*| 7n
o 0.059 1 o 0.059 1
. E = E + - IO -E + + IO
cell cu?*|cy > g [Cu?'] Zn2%| zn > g [Zn?']
I o 0.059, [Zn*]
Ecell - ECUZ*ICu_Eanﬂzn - 2 IO [Cu2+]
I 0.059 [zZn 2+]
E09||_ Ecell - 2 Iog [CU 2+]

For cathode: Cu*' +2e” — Cu

Note: Since E has been defined as Erpcathode) — Erp(anode), the Nernst expressjien ho eveh if the
number of mole of electrons of the two half reactions are different.
For example, consider the cell,
Pt |H, | HCI | | Cu®*| Cu
o 0.059 1 %
ECu2+ICu = ECL12+| cu 2 Iog [Cu2+]
For cathode: H'+e ——> % H,
o 0.059 ,  [Pu,]"*
0g

E |

H* [Hy T EHTIH T 1 [H+
o o [ H2]1/2
" Eean = ECu2+|Cu _EH+|H2 N lo H']
It is also possible to balancéithe ele itP both the half cell reactions and then subtract

Erpanode fromM Egpcamoge. That is,

~ 0.059 o [H]?
2 [CU2+]PH2

RELATION BETWEEN STANDARD FREE ENERGY AND EQUILIBRIUM
CONSTANT

t assume that the redox change occurring in Daniel cell attains equilibrium.
At equilibrium, the reduction potential values of the two electrodes become equal and EMF of the cell
becomes zero.

Zn(s) + Cu**(aq) = Zn**(aq) + Cu(s)
The equilibrium constant for this reaction is given as
_ [2n*]
- [cu”]
Applying Nernst equation to the complete cell reaction,

_ _. RT,_ [2n*]
Ecen = Ecell _F n [CU2+]
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° RT
Ecen = Fln Keq [as Ecan = 0]
nFE;e” = RT In Keq

—AG° = RTIn Keq
AG° =-2.303 RT log Keq
[Note: This relation is valid for many equilibrium constants like K, K;, K¢, Kgp, Ky, Kq etc.]

Some other important relations involving enthalpy change and entropy change during the redox
change are

@ AH=nF|T dE —E | where dE is called as temperature coefficient represe the change of
daT dT

EMF with the change of temperature, n is the number of mole of electronSyi ved, Fpis one
Faraday, E is EMF of the cell at temperature T and T is the absolute te i

the value of (g—ij AH can be negative or positive i.e. reaction can Dg exothermi dothermic.
dE dE ) . . . .
(b) AS =nF o) When aT is negative, the change is Id als negative and when

woul

(j_'lij is positive, change in entropy would be fav positive.

Illustration 4

Question: Given the overall formation consta
for the half reactions,
L N
Fe’' + & — Fez

[Fe(CN)e]* + €~

e [Fe(CN)s]* ion as 10®® and the standard potentials

E°=0.77V
E°=0.36 V.

of the [Fe(CN)g]*" ion.

(CN)g]* ion.

=10%; AG? = -2.303 RT log K¢ = —199704.69 J

AG$=-96500 x 0.77 = -74305 J
" E°=-0.36V; AG3=+96500 x 0.36 = 34740 ]
AG) = AG] + AG) + AG3
AGY =-239269.69J

Solution:

- % 303 RT log K
1 =859 x 10%

Ilustration 5
Question: For the reaction, 4Al(s) + 30,(g) + 6H,O + 40H™ —— 4[AI(OH);] ; Ege = 2.73V.
If AG{(OH) = -157 kJ mol™ and AG,(H,0) = — 237.2 kJ mol™, determine

AG; (Al (OH),").
Solution: The AG® and E_y are related by
AG® = —nFE g, = — 12 x 96500 x 2.73 = — 3.16 x 10° kJ
AG® = 4AG{ (AI(OH);) - 6AG, (H,0)-4AG; (OH")
(since AG? of Al(s) and O,(g) are zero)
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—~3.16x10% + (6 x —237.2) + (4 x —157)

AG; (AI(OH);) = n

=-1.30 x 10° kJ mol™*

Xl TYPES OF HALF CELLS/ELECTRODES

131 METAL-METAL ION HALF CELL
In this type of half—cell, the metal rod is dipped
in a solution of the corresponding metal ion having
concentration ¢ M. The assembly is shown in figure 4.
The given half-cell when functions as anode 7 etal, M(s)
can be represented as [ S
M(s) | M™ (c M) A

Figured. Metal=
The anodic half—cell reaction is
M(s) — M™(aq) + ne”
The representation of the half—cell when it functio C is

M™ (¢ M) | M(s)
The cathodic half—cell reaction is

M™(aq) + ne" —> M(s)
Examples of this type of half—cell whe
Sn?* | Sn etc. The half cells
ion type.
For such type of half—cells, v nnot be used, because they react with water. For
such highly reactive metals, an a metal in mercury is used instead of pure metal.

13.2 GAS-GAS IONH

In a gas—gas ion
Pt wire

half—cell

as cath@de are Cu®* | Cu, Zn?* | Zn, Ag* | Ag,
n Daniel cell are of the metal-metal

into a solution of th

use the gases are
inum do not react with

_>Pt sheet coated
oty gy with Pt black

=I-————>gasion (c M)

Figure 5. Gas-gas ion half—cell
The given half—cell when functions as anode can be represented as
Pt | Gas (P atm) | Gas ion (c M).
Let us consider a hydrogen gas half—cell, functioning as anode. It is represented as
Pt|H, (P atm) |H* (c M)
and the anodic half—cell reaction is
H,(Pt) — 2H"(aq) + 2e™ (Pt).
The chlorine gas half—cell when functions as anode can be represented as
Pt | Cly(P atm) | CI” (c M)
and the anodic half—cell reaction is
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2CIT—— Cl, + 2¢.

The oxygen gas half—cell when functions as anode can be represented as
Pt | O, (P atm) | OH™ (c M)

and the anodic half—cell reaction is
20H — % 0, + H,0 + 2¢".

The gas—gas ion half—cell when functions as cathode can be represented as
Gas ion (c M) | Gas (P atm) | Pt.

Let us consider a hydrogen half—cell, functioning as cathode. It is represented as
H* (c M) | H, (P atm) | Pt

and the cathodic half—cell reaction is
2H" (aq) + 2e~ (Pt) —— H, (PY).

The hydrogen electrode is called standard hydrogen electrode when th ion of H™ ion
is 1 M and the pressure of H, gas is 1 atm. The standard hydrogen electrod S erence
electrode and is used for the measurement of standard reduction potentials \@f other or couples.

The standard reduction potential values obtained in this manner are arranged i ing order to give
electrochemical series.
13.3 REDOX HALF CELL

In redox half—cell, a platinum rod is dipped in a solutio

ining twe different oxidation states

of a metal ion(M™* and M"2*, where n, is greater than n;). The half— bly is shown in figure 6.

Tl I (o MM (co M)

igure @ px half—cell
The given hal s as anode can be represented as

, M"2(c, M)

_®I1 when functions as cathode can be represented as
c, M),M""(c, M) | Pt
athodic half—cell reaction is
2" +(n,-n))eT ——> M’

Examples of this type of half-cell when used as anode are Pt | Cr** (c; M), Cr** (c, M) ;
Pt | Fe** (c, M), Fe*" (c, M) ; Pt | Sn** (c; M), Sn** (c, M) etc. In such half cells, the oxidising and reducing
agents are both metal ions.

Redox half—cell can also be made with organic molecules that can exist in two different oxidation
states. A couple of hydroquinone (QH.) and quinone (Q) forms a redox half—cell. Its representation, when
it functions as anode is

Pt | QH,(1 M), Q(1 M), H (c M)
and the anodic half—cell reaction is
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OH
0 — (e
OH O

orQH,—— Q + 2H" + 2¢".
This redox electrode having organic molecules is called quinhydrone electrode because of the
charged complex formed between quinone and hydroquinone.

134 METAL-INSOLUBLE METAL SALT — ANION HALF CELL

Let us take an example of such a half—cell, which functions

CI” (c M) | AgCl | Ag. The assembly of this half—cell is made by dipping a rod of silver ¢ i
of saturated AgCl at the bottom, in a solution of ionic electrolyte like KCI, NaCl h i
the electrolyte must have standard reduction potential less than the standasg. r te

cation of the metal salt. The half—cell assembly is shown in figure 7.

R | B )

Figure 7.
The cathodic half—cell reactio

uation t@ythe net half—cell reaction, gives
RT _ .
Eer AgCI|Ag_?In[CI 6]

appear in the expression as they are pure solids)
gven E;g+| Ag’ concentration of CI™ and Kgr of AgCI, how can we calculate the

(Eci-|agcyag) for the reaction, AgCI(s) + e  —> Ag(s) + CI.
1on, can EAg+|Ag1 be replaced for E;,lAgC”Ag? Let us see.
AgCl(s) = Ag" + CI . AG;=-RTInKg
Ag'+e — Ag(s) ; AG,=— FEagtiag
AgCI(s) +& —> Ag(s) +CI”  ;  AG3= —FE¢|agai|ag
It is evident thatAG, is not equal to AG3as AG;is not zero. Thus, E, ., is not equal to
E i agcijag @10 We can not replace E¢i- uociag BY Engt ag.
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o

But using Hess’s law, we can calculate E i AgCl|Ag 85

AG; +AG, = AGy
—RTIn Ksp _FE;gﬂAg = _FE(C)I|7|AgCI | Ag
Dividing this equation by —F,

RT o — =°
?In Kgp + Engt1ag~ EciAgcl|Ag

Substituting the value of Eco;m\gm| ag IN equation (i) gives

_ o RT RT _
Ecr|ageiag = Agt1Ag T ?In Ksp —?In[CI ]
_ o RT, [CIT]
Earageiiag = Bagriag™ £ Ker
Since, Ez\g+| Ag’ concentration of CI” and Ksp of AgCl are

(Ecr|agciag) for the reaction, AgCI(s) + e~ —— Ag(s) + Cl canb

Another metal-insoluble metal salt—anion half—cell is

reference electrode. When calomel half—cell is d Nas
CI” (c M) | Hg.Cl, | Hg and the cathodic half—cell reaction
HQ.Cl,(s) + 2 —— 2Hg(l) + 2CI".
Illustration 6

Quiestion: The Kgp of Cul is 1.1 x 1072
CulCul|I"TAMm
Solution: The anode of the given call i i ble metal salt—anion type half—cell while cathode is of
the type metal-metal ion. actions at anode are
; AG =-FEcycut

+17 == Cul(s) : AG,=0

)R Cul(sy +e i AGz3=—FEcujculr”

(as AG, =0)
—FEcu|cul1”

B _~ Cu|Cu+:

Ecujcur = Eculcurpr”

Since, the E value of Cu —— Cu® + ¢ and E value of Cu + I” —— Cul + ¢ are same, the
representation of anode can be changed from metal-metal insoluble salt — anion half—cell to
metal-metal ion half—cell, provided the concentration of Cu® in both the half—cells is same.

So, the complete cell can now be represented as
Ksp
Cu|cu* 1 l cu* @ M) | Cu

Reactions occurring at the two electrodes are

At anode: Cu —> Cup +e”
At cathode: Cul +e” — Cu
Net cell reaction: Cui — Cup

Applying Nernst equation gives
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° ° RT, [Cu}
Ecen = EC +1cu " Fautic ——In—[ i\]
wler Teie F T Cuc]
° RT, [Cug
Ecen = Ecenl +—In¥
F [Cual
RT, [Cug o
Ecan = _|nM (as Ecen = 0)
F [Cual
+ _
Eon = 0 n U] _ g g5g10g 1<
F Ksp 1.1x10"
Een =0.705 V

it CONCENTRATION CELLS

The cells whose Ecen is zero are called concentration cellsglh th e two
compartments (cathode and anode) of the electrochemical cell involve same chemigal ies but the
concentrations of the chemical species in the two compartments are different. ration cells are

of basically two types.

(@) Electrode concentration cells and (b) Ele ion cells

141 ELECTRODE CONCENTRATION CELLS

In such cells, two similar electrodes at different s/pressures are dipped in the same
solution with similar concentration. Let us have an ele¢troche esented as

Pt|H, (P, atm) |H" (c M) || H'(c

For the given cell, the reactions occurring

At cathode:
At anode:
Net cell reaction:
Since the H* concentration cathode are same, so the net reaction is independent of
the concentration of the electr® . i nst equation to the net cell reaction gives

o . . 0059, (P,
Ecen(25%C) HhIH2(PD 2 log [P_J
059 P
Ecell(2 - 2 |0g [p_zJ
1
2HRC) = _glog (P—ZJ (since, E o= 0)

0.059 P,
25°C) = ——| MES
ell( ) 2 OQ(PZJ

The EMF of the given cell would be positive when P; > P, and the cell reaction would be
spontaneous.

Another example of the electrode concentration cell is that of an amalgam with two different
concentrations of the same metal dipped in same electrolyte solution.

The cell is represented as

Hg—Pb (c; M) | PbSO4(c M) | Hg—Pb (c, M)

The reactions for the given cell are

At cathode: Pb¥(c) + 26— Pb(c,)

At anode: Pb(c;) —> Pb?*(c) + 2¢

Net cell reaction: Pb(c;) —— Pb(cy)
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Since, the concentration of Pb?* for the two half cells is same as the electrolyte solution for the two
compartments is same, so the net reaction is independent of the electrolyte concentration. Applying Nernst
equation to the net cell reaction gives
o o 0.059, ¢,

Ecen(25°C) = prz*(c)lpb(cz) - EPb2+(c)IPb(c1)_ log C,
o o 0.059, c
EC&“(ZS C) = ECG” ——|09—2
2 c,
o 0.059, c . 0
Ecen(25°C) = —Tl()gc—z (since E ¢, =0)
1
° o 0.059 c
Ecell(25 C):_|og_1
2 C,
The net cell reaction would be spontaneous, when the EMF of the cell is positi ich is pessible

only when ¢; > ¢,.

Illustration 7

Question: Calculate the EMF of the electrode concentration cell
Hg-Zn (c; M) | Zn*(c M) | Hg-Zn(c, M)
at 25°C, if the concentration of the zinc amalgagaare 100 g of nercury and 1 g per 100 g of
mercury in anode and cathode half cell respectively.

Solution: The reactions at the two half cells are
At cathode: Zn**c) + 26— Z
At anode:

Net cell reaction:

concentrations. Let u ochemical cell represented as
A(c; M) || HB (c; M) | Hy(P atm) | Pt

In }-ﬁ d HB would represent strong acids, if their K;’s are not given while they
WO their K,’s are mentioned.
given cell, the reactions occurring are
cathode: 2H (c,)+2e" —— Hy(P)
At anode: Hy(P) — 2H,(c,) +2e"
Net cell reaction: 2H; — 2H, (n=2)
or H; —— H, (n=1)
The net cell reaction is independent of the pressure terms as the pressure of H, in the two half cells
iS same.
Applying Nernst equation to the net cell reaction gives
o o . HJr o
Ew(25°C) = E°,  —E°, 90059 Al _go 050 109 St
Hire Al 1 T ] c,

Page number ( ) For any queries |Gmail: harishankarb7@gmail.com | Contact No. : 9874249567



Electrochemistry and conductance

Ee(25°C) = 0.059 log °2  (since EC,,=0)
c

1
The net cell reaction would be feasible only when the EMF of the cell is positive, which is possible
only when concentration of H" in cathode compartment (c,) is greater than the concentration of H* in anode
compartment (c,).

Illustration 8

Question: Calculate the EMF of the following galvanic cell
Zn | Zn*(0.01M) || Zn*(0.1M) | Zn
at298 K.

Solution: The reactions at the two half cells are

At cathode: ZnZ" +2e —>2zn { I
At anode: Zn —> Zn5" +2e
Net cell reaction: ~ Zn2"—— Zn%'
Applying Nernst equation to the net cell reaction gives

o 0.059 [Zn%
Ecen = EceII - Iog [ 2

2 [Zng']

: ng o
Ecen = 0.059 log [ ;] (since E gu=

2 [Zn 3]

E. = 0.059 log 01 _ 0.0295 \/
2 0.01

The saturated solution of Ag,CrO, an will give some [Ag’] and the [Ag'] in the two
ould be an electrolyte concentration cell. For the given
cell, the reactions occurri

At cathode?

\J () = £° o [Aga]
Ecen(25°C) = E gt ag~ Eagt|ag— 0-059 log gt
Cc

Ewi(25°C) = Efyy— 0.059 log L9A1
[Agc]

Ecer(25°C) = 0059 log °9¢! (since E7,,= 0)
[Agal
The [Ag'] in anode and cathode half—cells is written in terms of Ky, as

Ag,CrO4(s) = 2Ag" +CrO3"
2X X
Let ‘X’ moles per litre be the solubility of Ag,CrO,.

o (Kp)1 = [Ag'T°[CrO3 ] = (2% = 4x°

Page number ( @) For any queries |Gmail: harishankarb7@gmail.com | Contact No. : 9874249567




Electrochemistry and conductance

x=a ek
4
+1_ _ 3(Ksp)1
[AgA]=2x=2x 1[—4

Similarly, let the solubility of AgCl be ‘y’ moles/litre.
AgCI(s) == Ag' +CI
y y
(K2 = [AgTT[CIT] = y?

y: [Agé] = \I(Ksp)Z

Substituting the values of  [Ag,] and [Agc]in the expression of Ey gives

V(Ksp)
Ecen = 0.059 log 72

2% 3 (Ksp)l
\/ 4
. (Ksp )1
For the net cell reaction to be spontaneous, ,/(Kg,), has reater tha 3 2 so that
the EMF of the cell would be positive.

Ilustration 9

Calculate the potential of the cell,
Mn(s) | MnCl, (0.001 M) | HCI (0.01
Given that E° = -1.185 V for Mn*" | Mn cou

0, (@ |
1.229 \Ifor the O, | H,0, H" couple.

Solution:
We can replace the cathode of th alf cell, O,|H,0, H" because we have already learnt in
metal—insoluble salt—anion electr iabof the two half cells is same.
Thus, the cell representation become 01 M) || H"(0.01 M), H,0 | O, (0.25 atm) | Pt
At anode:
At cathode:
Net cell reaction: Mn=+ H,0
[Mn*]

0]
2 g [H+]2(P02 )1/2

1073

g
(1072)% x4/0.25

as a source of direct electric current at a constant voltage. The operation of a battery is similar in principle
to that of the electrochemical cell except that they are completely self contained and require no salt bridge.
There are generally two types of batteries.

(a) Primary batteries and (b) Secondary batteries

A primary battery acts as a source of electricity without being previously charged by
an electric current from an external source. In such a battery, electrical energy is obtained at the expense of
chemical reactivity as long as the active materials are present. A battery, which can be recharged, after it
has been used once is called secondary battery. Certain chemical changes occur when the cell is charged
with electricity and these changes are reversed during discharging process.
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Various primary batteries in use are dry cell battery, nickel-cadmium battery, mercury battery, fuel
cell etc. The secondary battery, which is widely used is lead storage battery.
15.1 DRY CELL BATTERY

The most common dry cell (a cell without fluid component) is the Leclanche cell used in flash
lights and transistor radios. The anode of the cell consists of a zinc can or container that is in contact with
manganese dioxide (MnO,) and an electrolyte. The electrolyte consists of NH,CI and ZnCl, in water, to
which starch (as inert filler) is added to thicken the solution to a paste like consistency so that it is less
likely to leak. The anode is usually covered with a steel jacket to shield it from the atmosphere. The
cathode is a graphite rod which serves as an inert electrode. The graphite rod is in the center of the cell and
is surrounded by MnO, and electrolyte. The interior section of a dry cell battery is shown in figure 8.

At anode, zinc is oxidised to Zn®* while at the cathode, Mn** from MnO, is red o Mn*?in the
form of Mn,Os.

At anode: Zn(s) — Zn*" + 2e”

At cathode: 2MnO,(s) + 2NH, +2e” —— Mn,05(s) + 2N

2
Net cell reaction:  Zn(s) + 2MnO,(s) + 2NH; —— Mn,05(s) + Z 3 -0

Actually, this equation is an over simplification of a compl ocess. The voltage produced by a
dry cell is about 1.5 V.
:9 =)
ZREE] [ ;
A (e an
2| 10
7 o
’fﬁ e " f )
g:.: o
ﬁ . LT aste of ZnCl, and NH,CI
f' )
Figure 8. IAterior secti a dry cell battery
The dry cell is not regha s thelZn“" ions produced at the anode migrate through the
Hs pro at the cathode to form the complex ion, [Zn(NH3).]*".

"+ Hy(g) + 2NH;
oved, if NH4ClI in the electrolyte paste is replaced by KOH. The cell is

admium battery is a portable and rechargeable battery. It is recently developed and has
the dry cell battery. Although it is more expensive than a dry cell, the added expense is
worthwhile as it can be recharged. It is used in electronic calculators and other battery powered devices.

The reactions at the two electrodes are

At anode: Cd(s) + 20H™ —— Cd(OH)y(s) + 2e”

At cathode: NiO,(s) + 2H,0 + 26" —— Ni(OH),(s) + 20H

Net cell reaction:  Cd(s) + NiO,(s) + 2H,0 —— Cd(OH),(s) + Ni(OH),(s)

The cell reaction can be readily reversed because the reaction products [Ni(OH), and Cd(OH),]
adhere to the electrode surface. The nickel-cadmium battery delivers a constant voltage throughout its life
time since the voltage (EMF) is concentration independent as all the substances involved in the net cell
reaction are pure solid or pure liquid.
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153 MERCURY BATTERY

The mercury battery consists of a zinc anode (amalgamated with mercury) in contact with strongly
alkaline electrolyte containing zinc oxide and mercury (I1) oxide. The cathode is a graphite rod, which
serves as an inert electrode. The entire battery is contained in a stainless steel cylinder. The interior section
of a mercury battery is shown in figure 9.

Graphite rod (cathode)

—> Zinc—mercury amalgam (anode)

R Electrolyte  solution  containing
KOH and paste of ZnO & HgO.
Figure 9. Interior section of a mercury battery
The cell reactions are
At anode: Zn(Hg) + 20H™ —— ZnO(s) + H,0 + 2e_

At cathode: HgO(s) + H,O + 26" —— Hg(l) + 20H™

Net cell reaction:  Zn(Hg) + HgO(s) —— ZnO(s) +

The mercury battery provides a constant voltage . gut its life. This is possible
because the net cell reaction involves only pure component§, (pure solids and pure liquids) and EMF of the
cell is concentration independent. The mercury batte h aciiy’and longer life, which makes it

ideal for use in pacemakers, hearing aids, electric watc

154 FUEL CELLS
A hydrogen—oxygen fuel cell
inert carbon electrodes. Hydrogen

At anode;
At cathode:

The standard € .23 V, which indicates that the cell reaction is spontaneous under
bon electrodes serve as electrical conductors and also provide the
necessary surfaces f
transfer. en—ox

I

H, gas —» <+— 0, gas

\/

Porous carbon
electrode containing
Ni (Anode)

Porous carbon
electrode containing
Ni (cathode)

NJ

KOH solution

THEHRT A VAN

Figure 10.
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Electrochemistry and conductance

Unlike batteries, fuel cells do not store chemical energy. Reactants must be constantly resupplied
and products must be constantly removed from a fuel cell. The fuel cells are not widely used, the most
successful application of fuel cells till date has been in space vehicles to produce pure water, needed for the
consumption by astronauts. The operation of a lead storage battery during discharging is shown in figure
11.

155 LEAD STORGE BATTERY

The lead storage battery commonly used in automobiles consists of six identical cells joined
together in series. It is a reversible cell, acting as electrochemical cell when discharged and it functions as
electrolytic cell during charging process. The reactions occurring at anode and cathode get reversed during
charging and discharging process. Each cell of a lead storage battery has a lead anode and a cathode made

acid (35% by weight), which acts as an electrolyte.

Ly
Pb grid %—ﬁ

Spongy lead €— ===~~~ """

During discharging of lead stora anode, Pb is oxidised to Pb* and an insoluble white
precipitate of PbSO, is form i ithin the lead grid. At cathode, Pb*" (from PbO,) is
reduced to Pb* and Pb
grids get filled with PhS

erating conditions, each cell produces a potential of 2V. Thus, a total of
d to power the ignition circuit of the automobile and its other electrical devices.
age battery is represented as

12

ode and cathode both are of the metal—insoluble salt—anion type.

The cell reactions are easily reversed, if the PbSO, is freshly precipitated, but on long standing,
PbSO, changes its crystalline structure and ages to a less reactive form, which cannot be reconverted back
into Pb and PbO.,.

Four aspects of the operation of a lead storage battery are worth noting. First, there is no salt bridge
or porous barrier and both the electrodes are immersed in the same solution. This is because, the oxidizing
agent (PbO,) and reducing agent(Pb) as well as their oxidation and reduction products (PbSO,) are pure
solids and will not migrate to the other half cell. Second, the battery is rechargeable i.e. normal
electrochemical reactions are reversed by applying an external voltage at the cathode and the anode. At this
stage, battery functions as electrolytic cell. Third, as the battery is used, the electrolyte solution becomes
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Electrochemistry and conductance

more dilute as H,O is produced and H,SO, is used up. Thus, the density of electrolyte solution decreases
and the degree to which the battery has been discharged can be checked by measuring the density of the
electrolyte with a hydrometer. Fourth, the temperature coefficient for a lead storage battery is 1.5 x 10
V/°C i.e. there is a decrease in voltage of 1.5 x 10~ V for every degree drop in temperature. Thus, even for
40°C change in temperature, the decrease in voltage amounts to only 6 x 10 V, which is about

-3
ﬂxloo = 0.05% of the operating voltage. This change is almost insignificant. With the decrease of

temperature, the viscosity of the electrolyte increases and the ions move much more slowly in viscous
medium, leading to a decrease in the power output of the battery. Thus, people living in cold climates
sometimes have trouble in starting their cars.

Illustration 10

Question: During the discharge of a lead storage battery, the density of

O, Talls fsom p; fg/cc to

p2 g/c.c.H,SO, of density of p; g/c.c is X% by weight and that of density weight.
The battery holds V litre of acid before discharging. Calculate th¢total ch at anode of
the battery. The reactions occurring during discharging are
At anode : Pb + SO; — PbSO, + 26~
At cathode: PbO, +4H" + SO% + 26" — Ph8O, +
Solution: Mass of acid solution before discharge of lead s (LSB) 2(V x 10°x p)) g
= (1000 x Vpy) g
Mass of H,SO, before discharge of LSB 00 g
Net reaction during discharging: ,S0,—— 2PbSO, + 2H,0
From the reaction, it is gwi oles of electron exchanged (lost at anode and gain at
cathode) is equal to the sumed or moles of H,O produced. Let the moles of

Mass of H,O pradueed duri i
) @ ed durin harge of LSB = (98x)g
»SO, after diseharge of LSB = [(10 Vp1X) — 98x]g
ion after disCharge of LSB =[(1000 Vp;) —98x + 18x] = [(1000 Vp,) — 80x]g
charge of LSB = x100

Mass of H,SO, after discharge
Mass of acid solution after discharge

xVp;X)- 98]
1000 x Vp,)-80x]

calculated as all other quantities are known.
tal charge released at cathode, Q =nF=xF

x 100
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PROFICIENCY TEST- I

The following 10 questions deal with the basic concepts of this section. Answer the following
briefly. Go to the next section only if your score is greater than or equal to 8.
Do not consult the study material while attempting the questions.

1. True/False.  The standard reduction potential of CI™ | AgCI | Ag half—cell is related to that of Ag”

o o

| Ag half—cell through the expression EAg+|Ag = E Cragoi ag

+gln Kep(AgCl).

2. True/False.  The cell potential is given by Ecen = Erp(cathode) — Erp(anode)-
3. True/False. A half—cell reaction is A**™ + ne” —— A, It is possible to teteftgine thé value
of n from the measurements of cell potential.

4. True/False. In a galvanic cell, the half—cell with higher reduction potentiahac a reducing

agent.

5. True/False. In an electrode concentration cell, the cell Zn(c,) will be
spontaneous if ¢; > c;,.

6. A cell in which two electrodes of the same metal are dippeddn solutiofls of metal ion of different

concentrations in called
7. The half—cell involving the reaction,
Cr,05 (aq.) + 14H"(aq.) + 6e
is represented as

8. During discharge of lead storage ba
9. In the calomel half—cell, the re@lction

10. Temperature coefficient and chafge in en are related by the expression
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ANSWERS TO PROFICIENCY TEST-I|I

False
True
True
False
True

© o N o0k~ wDdPE

-
©

Electrolyte concentration cell

Cr,05 (aq.), Cr¥*(aq.), H" | Pt
Pb(s) + PbO,(s) + 2H,SO, ——> 2PbS04(s) + 2H,0 (1)
Hg.Cl,(s) + 2 —— 2Hg(l) + 2ClI (aq.)

e (5

S5

&
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Electrochemistry and conductance

SOLVED OBJECTIVE EXAMPLES

Example 1:
An agueous solution containing one mole per litre each of Cu(NO3),, AgNO3;, Hg,(NO3),, Mg(NO3), is
being electrolysed by using inert electrodes. The value of standard potentials are

E° =0.80V, E° =0.79V, E° =0.34V and E° = -2.3V.
Ag*|Ag 2¥IHg cu?t|cu Mg?*|Mg

With increasing voltage, the sequence of deposition of metals on the cathode will be

(@) Ag, Hg, Cu, Mg (b) Mg, Cu, Hg, Ag
(c) Ag, Hg, Cu (d) Cu, Hg, Ag
Solution:

The metal ions will be preferentially discharged on cathode in the order of their
potentials. The order of deposition of metals will be Ag, Hg and Cu. Mg will not

reasing reduction
depesited because H”

will be preferentially discharged to release H, and in an aqueous solution, letely
consumed during the time period of electrolysis.
(©)
Example 2:
The standard EMF of the cell hich the reaction,
MnO), +5Fe®" + 8H" — Mn?" +5Fe®" +4H,0 oc is, 0.59 Viat 25°C. The equilibrium
constant for the given reaction is approximately

(a) 50
(c) 10*

Solution:
For the given cell reaction,
AG®° = -nFEgy = -RTIn Keq
—5><96500><059——2303><8
Keq = 7.8 x 10% ~ 10%

(©)

Example 3:
The standard

- of Cu®* | Cu and Cu?" | Cu* are 0.34 and 0.16 V respectively. The

standard electr ntialjof €4" | Cu half cell is
(@) 0.18 (b) 0.82V
(c) 0.52V (d) 049V

AG; = -2Fx0.34 =—0.68F
AG, = Fx0.16 =0.16 F

AGj3 = AG; +AG, = -0.52F = —FE°

Example 4:
The EMF of the cell, Ag | AgCI (saturated solution) || CI™ (c; M) | AgClI | Ag is given by
0.059 /Ksp 0.059 C,
a) E,y=—-———log,|—— b) E.ey=———1l0
( ) cell 1 g c, ( ) cell 1 g Ksp
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(©) Eger = 205909 5 @) Epy =209 S

= Og
1 c, cell 1 \/@
where Kgp is the solubility product of AgCI.
Solution:
The given cell can be reduced to

; K
Ag | AgCl (satd. solution) || Ag" | =3~ | | Ag
[CI"]
The reactions occurring at the two electrodes are
At anode: Ag—> Agj +e”

At cathode: Agi +e” — Ag

Net cell reaction: Agg —— Aga ( I
o E., =E%, -0.059log 921 _ o 059 j0g A9C]

[Agc] [Agal
[Since, it is a concentration cell for which EZ,, = 0]
=0.059log———————=0. 059Iog

ceII
[CI- ]\/KSP )

(©)

Example 5:

If the pressure of H, gas is incr 100 atm keeping H* concentration
constant at 1 M, the change in reduction potentlal cell at 25°C will be

(@) 0.059 V(b) 0.

() 0.0295 V 0.118
Solution:

The half cell reaction for hydrogen cell acting"as cathode is
2H" +2e —— H;,

+12
e in reduction potential = E -E - 0059 lo ( 100 x [H]

H H, HfH, 5 [H+]2 1 j=0.059v

(@)

Example 6:
When an aqueous solution of lithium chloride is electrolysed using graphite electrodes
(a) Cl is liberated at the anode.
(b) Li is deposited at the cathode.
(c) as the current flows, pH of the solution around the cathode increases.
(d) as the current flows, pH of the solution around the cathode decreases.

Page number ( ) For any queries |Gmail: harishankarb7@gmail.com | Contact No. : 9874249567




Electrochemistry and conductance

Solution:
Aqueous solution of LiCl contains Li*, H*, CI” and OH™ ions. H" would be preferentially reduced at cathode
while at anode, OH™ ions would be oxidised, so H, and O, gases are liberated at cathode
and anode respectively. As the current flows, H" ions around the cathode gets discharged to give H, gas, so
the pH of the solution around the cathode increases.

= (€)

Example 7:

A galvanic cell is composed of two hydrogen electrodes of which cathode is a standard
hydrogen electrode. In which of the following solutions should the other half cell be immersed to get
maximum EMF?

@) 0.1 M CgHsCO,H () 0.1 M CH3CO,H

() 0.1 MHCO,H (d) 0.1 M H,C,0,

Solution:

The given galvanic cell is represented as

Pt | Hy(1 atm) | acid(0.1M) || H*(1M) | Hy(1 atm) | Pt

At anode: YoHy,——> Hp +e”

At cathode: HE +e — % H,
Net cell reaction: He — H,
This is an electrolyte concentration cell whose E,, willbe zero.
: Hel

=0.059 lo
ceII g —— [H ]

The [H¢] s fixed at 1 M, so to get the maxim Il [H,] should be least. So the acid must be

weakest among all. Order of acidit iven a
H,C,04 > HCO,H > C¢H;CO,H 3CO;
= (b)

Example 8:
For the cel Cu, Eg at 25°C is 0.83V. The EMF of the cell can be increased
by

asing temperature to 35° C
e that at 35°C, E° is same as at 25°C]

SOIutl g
ion at both the electrodes are
2TI — > 2TI" + 2¢”

At cathode Cu* +2e —>Cu
Net cell reaction: 2T+ Cu”* — 2TI" +Cu
Applying Nernst equation gives,

o o RT, [TI*]?
culcu —TIHT oF [Cu?']

Ecan = E

Thus, it is evident from this equation that E can be increased either by increasing [Cu®*] or by decreasing
[TI"] or by decreasing the temperature.

~. (a)
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Example 9:

The fraction of a mole of iron metal produced by the passage of 4 A of current through 1
litre of 0.1 M Fe** solution for 1 hour would be approximately (assume that only iron is reduced).

(a) 0.05 mole (b) 0.025 mole

(c) 0.035 mole  (d) 0.07 mole

Solution:
The reduction of Fe** (in general, any ion) takes place in steps.
Fe** + e —  Fe”
Initial moles 0.1 4x3600 _ 0.15 0
96500
After the reaction 0 0.15-0.1 0.1
=0.05
Fe**  + 2¢° — Fe
Initial moles 0.1 0.05 0
After the reaction 0.1—0'—25 0 0—25 =0.025
=0.075
Thus, mole of Fe produced are 0.025.
- (b)
Example 10:

N

~ ijons, all at unit concentration, is
cathode. What changes occur

=0.799 V,

An aqueous solution containing Na*, S
electrolysed between a silver anode

at the electrodes when current is passed thr °Ag+| Ag

=0.13VvV

n%*|sn2*

(b) Ag is oxidi .
(c) Sn*" is reduc 2*js oxidized.
(d) H" is reduced a oxidized.

Solution:
et oxidised to Ag* or Sn** to Sn** or CI" to Cl, or SO to S,03 .
idation potential values are — 0.799 V, - 0.13 V, -1.36 V and -2 V.
ﬁ, it is evident that Sn®* would be oxidised first, followed by Ag at anode.
ither Na* can get reduced to Na or Sn®* to Sn or H" to H,
n potential value for Na" is highly negative while for Sn®|Sn is — 0.14 V and for

g—— % H, (EH+|H2 =-0.059 log 17j is — 0.413 V. Thus, Sn?* will get reduced at cathode

10~
followed by H*.
~ (o)
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SOLVED SUBJECTIVE EXAMPLES

Example 1:
Calculate the EMF of the electrode concentration cell,
Zn—Hg(c; M) | Zn*(aq) | Hg- Zn(c, M)
at 25°C, if the concentrations of the zinc amalgam are : ¢; = 10 g per 100 g of mercury and
C, =19 per 100 g of mercury.

Solution:
The cell reactions in the given electrode concentration cell are
At cathode: Zn®* + 27— Zn(cy)
At anode: Zn(c,) —> Zn** + 2e”
Net cell reaction: —Zn(C)—— ZN(Cy)
0.059 C . o
Ecen = ——— log—= (since Ece=0)
2 C,
10
Ee.n = 0.0295 |Og T =0.0295V
Example 2:

Copper sulphate solution (250 mL) was electrolysed usi
constant current of 2 mA was passed for 16 mi
absorbance of the solution was reduced to 50% of
copper sulphate in the original solution.

platinum an@de and a copper cathode. A
s fo hat after electrolysis the
originalaluggCalculate the concentration of

Solution:
The reactions occurring at the anode and cath uld be
At anode: 20H" —— %0, + H,0 + 2¢~
At cathode: Cu* +26 —

2x1073

Total charge passed =

5
% «2=1.9896 x 10°°
5
x10 7 x1000 _ 7 955 105 M

250

much is the oxidising power of the MnQy | Mn?~ couple decreased if the H" concentration is

decre
Solution:

ased from 1 M to 10~ M at 25°C. Assume that the concentration of other species do not change.

In acidic medium, MnO} acts as oxidizing agent and reduces to Mn?* as per the reaction

MnO;, +8H" + 56~ ——Mn?" +4H,0

L 0059 - [Mn*]
MnOZIM®* Mnoz|Mm2* 5 [MnO,][H"]°
L 0059, [Mn*]
MnOz | MP®* 5 [MnO,] ()8
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2+
, 0 0.059 [Mn?*]

_ =E
MnOZ | Mn®* MnOgz| Mn?** 5 [MnO,][107%1®

' j _ 0.059 Po MNOL1@° Mn*T | sy

E -E =
( MnOz |Mn?* MnOZ |Mn?* 5 [Mn2+] [MnOZ](lO“‘)S

Thus, the oxidizing power of MnOj | Mn?* couple decreases by 0.3776 V from its standard value.

Example 4:
EMF of the following cell is 0.67 V at 298 K.
Pt | H, (1 atm) | H" (pH = X) || KCI (1 N) | Hg,Cl,(s) | Hg

Calculate pH of the anode compartment. Given: E° =0.28V.
Cl™ | Hg2Cl2| Hg

Solution:
The reactions occurring in the electrochemical cell are &
At anode: H,— 2H" + 2e~
At cathode: Hg,Cl, + 26" —— 2Hg + 2CI"
Net cell reaction: ~ H, + Hg,Cl, — ZH" + 2ZHg + 2CT"
12 +72
~ Een=E Hg,Cl, | Hg E:*le - 0-(;59 og = ]P o
H

2

(Hg and Hg,Cl, do not appear as they are pure liquid and pure seli pective

+12 2
0.059 log H"1? x (1)

0.67 =0.28 - =0.28-0,

0.67 =0.28 + 0.059 pH
pH = 6.61

Example 5:
The EMF of the cell, Hg |
was found to be 0.0295 V at 25°

nitr. (0.01 M) || Mercurous nitrate (0.1 M) | Hg

lecular formula of mercurous nitrate.

Solution:
Let the formula of merc -
For the given cell, {104 ring at two electrodes are
At anode:

INGN
[(Hgn")c]
_ 0059 [(HgF")c] _ 0.059 l0g O
no[Hgi).l no 001

Thus, the formula of mercurous nitrate is Hg,(NOs)s.

Example 6:
A current of 1.7 Ampere is passed through 300 ml of 0.16 M solution of ZnSO, for 230 sec with a
current efficiency of 90%. Find the molarity of Zn®" after the deposition of Zn. Assume that the
volume of the solution remains constant during electrolysis.

Solution:
In order to solve such problems, it has to be assumed that anode is made up of some inert material (like
graphite, Pt etc), which is incapable of getting oxidized while cathode is made up of zinc strip.
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Another assumption is that the solution of ZnSO, being aqueous contains cations H* and Zn?* but the ion
that get discharged at cathode is Zn?* and not H*, since otherwise the molarity of solution will not change.
This means that the reduction potential of Zn?* is higher than that of H*.

The third assumption is that the volume of solution remains unchanged during electrolysis. This assumption
is already mentioned in the problem.

When current is passed, the following reactions occur at cathode and anode.

At cathode: Zn* +2e — Zn
At anode: 20H —— H,0 + %0, + 2¢~
Mole of electrons passed = 1.7x90x230
100 x 96500
Mole of Zn?* reduced = -/ *90%230 _ g5 102
100 x 96500 x 2

Initial moles of Zn?" in the solution = 300 x 1072 x 0.16 = 0.048
Moles of Zn®" left in the solution = 0.048 — 1.82 x 10~ = 0.04618

Molarity of Zn** solution after deposition of Zn = % = 4 M
Example 7:
Find the solubility product of a saturated solution of Ag,CrO, ifiwater at 298 K _ifithe EMF of the cell,
Ag | Ag® (Satd. Ag,CrO, solution) || Ag* (0.1 M) | Ag is 0. a
Solution:
For the given cell, the reactions occurring at the anode and cathode@are

At anode: Ag—> Ag, +e”
At cathode: Ag¢ +e ——> Ag
Net cell reaction:  Agc ——> Adx

Thus, it is an electrolyte concentratio

cell = ~0.059 log [Aga] =
1 [Agc

E

The anode compart
Let the solubility of

concentration.

Ksp =229 x 1072 M3

Example 8:
An acidic solution of Cu?* salt containing 0.4 g of Cu®" is electrolysed until all the Cu is deposited. The
electrolysis is continued for seven more minutes with the volume of solution kept at 100 ml and the
current at 1.2 ampere. Calculate the volume of gases evolved at NTP during entire electrolysis.
Solution:
The problem does not mention about the acidic salt of Cu®* i.e. what kind of acidic salt is this. Does the
acidic salt have chloride, sulphate or nitrate as anion against the cation Cu®* and the answer will solely
depend on the assumption we make in the beginning about the acidic salt. First, let us assume that the salt is
of cupric chloride (CuCl,).
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In the I part of electrolysis, the reactions occurring at the two electrodes are
At cathode: Cu*+2e——>Cu
At anode: 2CIT—— Cl, + 2e”
[The reaction occurring at anode is the oxidation of CI™ in preference to OH™ since the standard oxidation
potential of CI” > OH]
Mole of Cu?* reduced at cathode = 04
63.5

2x0.4
x0 = Mole of electrons released at anode

Mole of electrons required at cathode =

2x0.4x1 _ 0.4
63.5x2 63.5

Mole of Cl, liberated at anode =

Volume of Cl, liberated at STP at anode = 603;45 x 22400 =141ml

In second part of electrolysis, when current is passed for 7 more minutes, the
since Cu®* ions are discharged completely and OH™ ions are oxidized at
oxidized. The reactions occurring are

At cathode: 2H" +2¢e —> H,
At anode: 20H —— H,0 + 10, + 2¢~
Mole of electrons passed = 1.2x7x60

96500

Volume of H, at STP released at cathode =

At cathode:
At anode:
Mole of O, | = 0.4
63.5x4 63.5x2
0.4

ted at anode = ————— x 22400 = 70.55 ml
63.5%x2

D X
H* and OH™ ions are discharged at cathode and anode respectively.
T+2e— H,

, at STP released at cathode = M x 22400 = 58.49 m|
96500 x 2

otal volume of gases (H, + O,) released at STP during entire electrolysis
=70.55 + 58.49 + 29.245 = 158.285 ml
[Note: If we assume the salt to be Cu(NO3),, the volume of gases liberated (at STP) still remains same as in

the case of CuSO, (158.235 ml) as NO3 is also resistant to oxidation (just like SOf() and OH™ oxidises in

preference toNO3 .

Example 9:
A lead storage cell is discharged which causes the H,SO, electrolyte to change from a concentration of
34.6% by weight (density 1.261 g mI™ at 25°C) to one of 27% by weight. The original volume of
electrolyte is one litre. Calculate the total charge released at anode of the battery. Note that the water
is produced by the cell reaction as H,SO, is used up. Over all reaction is
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Pb(s) + PbOy(s) + 2H,SO4(I) —— 2PbSO4(s) + 2H,0(l)
Solution:
Before the discharge of lead storage battery,
Mass of solution = 1000 x 1.261 = 12619
Mass of H,SO, = M =436.3¢g
100
Mass of water = 1261 — 436.3 = 824.7 ¢
After the discharge of lead storage battery,
Let the mass of H,O produced as a result of net reaction during discharge

(Pb + PbO, + 2H,SO, —— 2PbSO, + 2H,0) is X g.

Moles of H,O produced = % = Moles of H,SO, consumed

Mass of H,SO, consumed = % x 98 &
. . 98x
Now, mass of solution after discharge 1261 — ETY + X
Mass of H,S eft <10 = 57

% by mass of H,SO, after discharge - -
Mass of solutionaftex discharge

From the reaction, it is evident that the mole
also the moles of H,O produced or moles of H,

00 = 1.21 x 10° Coulomb

Example 10:
For a saturated t 25°C, specific conductance is 3.41 x 10° ohm™ cm™ and that of
water used fo ion was 1.6 x 10° ohm™ cm™. What is the solubility product of

AgCI? Gi
Solution:

°=1.81x10° ohm™ cm™.
tion of sparingly soluble salt,

acentration of AgCl = solubility of AgCI.
_ 1000 x specific conductance of AgCl

A% (since molarity = normality for AgCI)

eq = Solubility of AgCl
-6
. 1353 1000x1.81x10
S
-6
o= 1000x1.81x10™ _ 1.31 x 107° mol/lit
138.3

The solubility equilibrium of AgCl is shown as
AgCl(s) == Ag'(aq) + CI (aq)
Ksp = [AgT][CI] =5 x5=¢°
=(1.31x10°)?=1.72 x 107 m?
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Example 11:
Find the equilibrium constant for the reaction, In’* + Cu* —— In®*" + Cu’, at 298 K.
Given: E_2./c,» =015V ; E 5, . =-042V&E, .., . =-040V.

Solution:
In®+2¢" — It . (1)
In“+e — In" .. ()
In — In® +e .. (3) [can be obtained by subtracting equation (2) from equation (1)]

—FE° = —2F(-0.42) + F(-0.40) ; E°=-0.84+0.4=-0.44 V
In2+Cu”? — In®*+Cu"; E°=0.15+0.44=0.59 V

nFE° =RTINK ; 99 —jogKk ; K=10"
0.059

Example 12:
In the cell,
TI|TIT (0.1 M) || Sn*2(0.01 M) | Sn
a current of 40 mA is flowing from tin to thallium electrode. An
is connected to the cell so that its polarity is opposi

cell. If 0.38 g of thallium is deposited in one hour at 25°C,
(Atomic mass of Tl = 204)

ery 1.2 V emf
olarity of the

Solution:
For reversible cells, if an external voltage o po is attached to the cell,
a current flowing from thallium to tin electrode is gi
E-E
1= b ...(D)
R

where E = Applied voltage = 1.2 V, Ey, = Bac
Calculation of R:

Forcell : TI|TI* (0.1 M) || Sn*? (O

Eb = Ecen = E e~ &1591'09 = 7140) —0.059 log ————

720
96500

720 | o0a=1524
00

Efficiency of thallium electrode = % x 100 = 25%.
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Electrochemistry and conductance

MIND MAP

1. Electrolysis is the process in which
electrical energy is converted into chemical
energy. Cations (+ve ions) migrate to
cathode (—ve electrode) and get reduced &
anions (—ve ions) migrate to anode (+ve
electrode) and get oxidized. Sometimes the

anode itself may be oxidized if it is
an attackable electrode.
¥
N
AY
N\
N
\\

9. Lead storage battery is a reversible cell, \\ //
functioning as electrochemical cell during AN /7
discharging and as electrolytic cell during '\\ \\ /’
charging. T~ Y 4

o
) Ecell
8. Concentration cells are those whose
is zero. They are categorized as -
Electrode and electrolyte concentration
cells.

2. The reduction of cations is based on the
standard reduction potentials provided all
ions have 1 M concentration, which
follows the order

Li* < K" < Ba®
Zn2+< Fe2+<
(Fe* — Fe®™)

a2+ < Na+<Mgz+< A|3+ <
r]2+< Pb2+< H+< CuZ+<
Hg,?" < Ag'<Au™

is based on
otentials provided
ncentration, which
SO, % < NOs < OH <
Cl'< Br<

trochemical cells are those in which
Smical reactions produce electric
current. For a galvanic cell of the type,
A|A™ || B™ | B the EMF is given by Nernst
equation as

[A™]

n+]

0.059
2% 0g
n B

(0] 0
E . =E - -
cell” B™B ~A™A

where the net cell reaction is
A+B"— A" +B

and entropy change, AS ="F f—cells are not same.

[d

Ag but the E° of the two

dE of the type 5. For a reduction or oxidation or redox
7. Enthalpy change, AH = nF[T[d_T}E g ts half-cell potential is’ reaction, AG = -nFE and AG® = -nFE°. For
half-cell potential of a reaction in which reduction or oxidation

does not occur, EMF is not defined.
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EXERCISE - |
CBSE PROBLEMS
1. How much quantity of a metal (in g) is deposited by 1 C and what it is called?
2. Name a method to measure molar conductance of a weak electrolyte at infinite dilution.
3. What are the products of electrolysis of (i) NaCl(aqg) and (ii) NaCl molten?
4, What is A,G° for (a) galvanic cell (b) Electrolytic cell. <
5. How can we increase the reduction potential of a half cell M | M"™ (aq)2
6. Which reduction reaction takes place in SHE (or NHE)? H
7. What will be the products of electrolysis of CaSO4(aq)?
8. Determine the quantity of Cu(s) deposited : rent 5 amp flows through

Cu = 63.5).

10. Given that E° an agueous solution of CuSO, be stored in

an aqueous CuSQ, solution electrolyte for 30 naimut
9. Differentiate between electrochemical an e%
ntizn —0.76 V, cacu :
zinc vessel? Explain briefly.
we uSeeith

11. To protect iron from zinc or tin to cover its surface. Which one is better and

why?

12. solution at infinite dilution is 390.7 ohm™ c¢m? mole™. Calculate
acetic acid. K,(CH;COOH) = 1.8 x 10™°.
13. i s? Describe construction of Daniel—cell giving the reactions involved.
14, H" +6e — Cr* + 7TH,0 ; E°=1.33V.
3, + 6e ; E°=-054V

Find"out equilibrium constant for the above cell and also find A.G° for the same.

15. Define Kohlrausch’s law of independent migration of ions.
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EXERCISE - 11l

JEE & NEET-SINGLE CHOICE CORRECT

1. A solution of sodium sulphate in water is electrolysed using inert electrodes. The products at the
cathode and anode are respectively
(@ Ha, O, (b) O, Hy
(c) Oy Na (d) O, SO,

2. In an electrolytic cell, which of the following statement is not true?

(a) Cathode is negative terminal.
(b) Cathode is positive terminal.
(c) Reduction occurs at cathode.
(d) Electrons enter into cathode from the external cell.

3. The density of Cu is 8.94 g cm™. The quantity of e plate an area
10 cm x 10 cm to a thickness of 1072 cm using CuSO, soluti
(a) 13586 C (b) 2717
(c) 40758 C (d) 4

4, During electrolysis of an aqueous solution 4 L of oxygen at STP was

liberated at anode. The volume of hydrogen at'STP, liberatedat cathode would be
(@ 1.2L
(c) 26L
5. During electrolysis of an aqugeus soldgion ofYCuSO, using copper electrodes, if 2.5 g of Cu is

deposited at cathode, then at an@de
(@) 890 ml of Cl, at STR,is liber (b) 445 ml of O, at STP is liberated

(d) adecrease of 2.5 g of mass takes place

6. 3 h between nickel cathode and Pt anode in 0.5 Lofa2 M
arity of solution after electrolysis would be
(b) 0.625 M
(d) 1.25 M
7 e fo@wmg statement is correct?
337 V and Egn2+ jsn= 0.136 V.
ions can be reduced by H,(g) (b) Cu can be oxidized by H*
(c ions can be reduced by H, (d) Cu can reduce Sn**
8. The reduction potential of hydrogen half—cell will be negative if
(@ p(Hy)=1latmand[H']=1M (b) p(Hy) =1atmand [H']=2M
(©) p(Hy)=2atmand [H']=1M (d) p(Hy) =2atmand [H']=2M
9. If E;e3+|pe and E;ezwpe are —0.036 V and —0.44 V respectively, then the value of E_ . ... would
be?
(@ -0.77V (b) +0.77V
(c) —0.916V (d) +0.916 V
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Consider the cell potentials,

E’, =-237VandE’, =-0.036V.
Mg2t Mg Fe3*|Fe
The best reducing agent among them would be
(@) Mg*" (b) Fe™
(c) Mg (d) Fe

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 (b) X>Y>Z

() z>Y>X d) Zz>X>Y

The standard reduction potentials of Cr** | Cr** and Cr** | Cr are —0.41 V an %ﬂvely.
The standard electrode potentials of Cr?*| Cr half—cell is

(@) +1.81V (b) ~1.81V

) +0.9V (d) —0.9V

In lead storage battery, during discharging process
(@) PbO, gets oxidised. (b) H»SOyis produced.
(c) density of H,SO, solution decreases. (d i

tion increases.

Salts of A (atomic weight = 7), B (atomicQweight = 27)8and C (atomic weight = 48) were
electrolysed under identical conditions si ity of electricity. It was found that
when 2.1 g of A was deposited, the weigh nd C deposited were 2.7 and 7.2 g. The valencies
of A, B and C respectively are

@ 3,1and2 1,3and 2
(c) 3,1and 3 2,3and 2

Which of the followin lement is ?
(a) Cathode is negati
(b) Anode is po

in galvanic and electrolytic cells.
in an electrolytic cell whereas anode is negative terminal in a

lution of Na,SO, is electrolysed using mercury cathode and inert anode.
obtained at cathode and anode are respectively

(b) Na, O,

(d) O Hy

Number of hours required for a current of 3 amp to decompose 18 g of water is
(@ 6 (b) 12
(c) 18 (d) 24

Oxidation state of Mn changes to +6, +4 and +2 oxidation states from its +7 oxidation state in
KMnO, when mediums are:

(@) alkaline, aqueous and acidic (b) acidic, aqueous and alkaline

(c) acidic, basic and aqueous (d) alkaline, acidic and aqueous
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Giventhat E° , =-0.79 volts, E> ., =-0.34volts, E* .. = +0.237 volts. What is the
Hg Hg? Cu|Cu Mg| Mg?

order of deposition of these metals from their aqueous salts solution?

(@ Cu, Mg (b) Hg, Cu

(c) Mg, Hg, Cu (d) Cu, Hg

Current required to displace 1 g of H, in 10 sec. will be

(@) 965amp (b) 9650 amp

(c) 96.5amp (d) 198 amp

1 coulomb of electricity produces m kg of a substance ‘X’. Electrochemi quivalent of
‘X’ inkg Ctis

(@) m (b) m x 10°

(c) mx 107 (d) all wrong

Electrochemical equivalent of a substance is .0006735. Its equivalent\eighti

(@) 65 (b) 67.35

(c) 130 (d) cannotde Galculated

In the electrolysis of CuCl, solution (aq) using C ctr the weight of cathode increased by

3.2 g. At the anode,
(a) 0.05 mole of Cu?* will go into the solutio
(b) 560 ml of O, will be liberated.
(c) 112 ml of ClI, will be liberated.
(d) 3.2 mole of Cu?* will go into t

The charge of an electron is 16 x 10~ . How many electrons per second pass through a
cross section of a Cu wire carryi

(@) 300 (b) 1800

(c) 1200 (d) 625

A current of 2a

in r 5 hours through a molten tin salt deposits 22.2 g of tin.
The oxidatien st f the tift)in the salt is (atomic weight of Sn = 119).

(a) +4 (b) +3

( (d) +1

)
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EXERCISE - 111

HT-JEE- SINGLE CHOICE CORRECT

1. For the electrochemical cell,
M|M" || X" | X, EZ.. . =044 Vand E, _=0.33V.From this data, one can deduce that

MM X| X~

(@ M+X — M" + X is the spontaneous reaction.
(b) M* + X~ ——> M + Xis the spontaneous reaction.
() Een=0.77V

(d) Een=-0.77V

2. During the charging of lead storage battery, the reaction at anode is repr d
(a) Pb® + SO —— PbSO, (b) PbSO, + H,0O P -+ 2H"
(c) Pb —> Pb* + 2¢ (d) Pb** + 267 —>

3. The emf of the concentration cell is
Zn(s) | Zn** (0.10 M) | KCI (saturated) | Zn** (1.0 MY Zn(s

(@) zero (b) 2
(c) —0.0296 V

4, 1 mole of Al is deposited by X coulombgf ele ssiA@ through aluminium nitrate solution.
The number of moles of silver deposited b ulomb of electricity from silver nitrate solution is
@ 3

(©) 2 \)

1
Zn 2+]

Vs
g [Cu®]

) correctly correlates E as a function of

reaction?
M) + Cu(s); E.o =110V

cell ™

10V
(b)

. -1.0 0 +1.0
V—-— 1.10V
(c) (d)
— 1 1 1
-1.0 0 +1.0 -10 0 +1.0
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6. At pH = 2, Eg 1.30 V, Equinhyarone Will be [Assume that the concentration of

hydroquinone and quinone is (1M)]

OH
+2H" + 26 —> ©
OH

uinhydrore =

O
(@ 136V (b) 1.30V
(c) 1.418V (d) 1.20V
7. Zn| Zn* (¢, M) || Zn* (c, M) | Zn
For this cell, AG would be negative, if
@ ci=¢c (b) ¢ >c,
() 2> (d) None of these
8. 100 ml of a buffer of 1M NH3 and 1M NH; are pla in icNeells separately.

A current of 1.5 A is passed through both cells for 20 mjoutes. If electrolysisiof water only takes
place,

2H,0 + 0, + 46— 40H (R.H.S))

2H,0 — 4H" + 0, + 4¢” (L.H.S))
then the pH of the

(@) half cell on L.H.S. will increase ell H.S. will increase
(c) Both the half cells will increase ) Both the half cells will decrease

9. A hydrogen electrode placed i
and y : x has oxidation potenti
of acetic acid would be (where

3COONa and acetic acid in the ratio’s X : y
nd E, volts respectively at 25°C. The pK, values

E,+E E,-E
(a) EatEr (b) —2 1
0.118 0.118
E
d 1 2
@ 0.118
10. f a hydrogen electrode at pH = 10 and Py, = 1 atm, would be
(b) 0.00 V
(d) 0.059 VvV
11. , standard EMF of the cell having reactions involving two electron change is found to be
0. . The equilibrium constant of the reaction would be
(@) 29.5x 1072 (b) 10
(c) 10% (d) 29.5 x 10*°

12.  The emf of the given cell, Zn | Zn* (0.1 M) || Fe** (0.01 M) | Fe is 0.2905 V at 298 K.
Keq Of this cell will be
(a) 100.26/0.0295 (b) 100.32/0.059
(C) 100.32/0.0295 (d) e0.32/0.0295
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Rusting of iron is
(a) a decomposition process (b) a photochemical process
(c) an electrochemical process (d) areduction process

E° for the half cell reactions are as,
Zn—>Zn** +2e" ; E°=+0.76 V
Fe—> Fe” +2¢” ; E°=+041V

The E° for the cell reaction,

Fe?* + Zn ——> Zn* +Feis

(@ -0.35V (b) +0.35 V
(c) +1.17V (d) -0.17V
The cell reaction for the given cell is spontaneous if
Pt | Cl,(Py atm) | CI™* (1 M) | Cl, (P, atm) | Pt
(@ P1>P, (b) P. <P,
(C) P1 = P2 (d) Pz =1atm
Under certain experiment of electrolysis number of ato u?* and number of atoms of
Ag from Ag" are same. What will be the ratio of am

ntQf elegtricity passed through electrolytes
(@ 1:1 2
() 2:1

x 10° ohm™ cm™ while equivalent
f this salt will be

Conductivity of a saturated solution of
conductivity of the same salt is 1.02 ohm~
(8 2.7x10"
(c) 4x10°

then E2e3*| . fl@m above ill be (in volts).
@ (x+y, (b) (x+y)/2
© - (d) 20x+y)
T ard eleCtgode potentials of the two half cells are given below:
e — Ni ; E°=-0.25volt
269—— Zn ; E°=-0.77 volt
altagerof cell formed by combining the two half cells would be
)2 volt (b) +1.36 volt
(c) *1.02 volt (d) +0.52 volt
EZUZWCU = 0.34 V, what will be the reduction potential at pH = 14 for the same couple.
Given Kg, Cu(OH), = 107,
(@ -0.11V (b) +0.11V
(c) +0.22V (d) -0.22 VvV
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The quantity of electricity needed to liberate 0.5 gram equivalent of an element is
(a) 48250 faraday (b) 48250 coulomb
(c) 19300 faraday (d) 19300 coulomb

In a galvanic cell if salt bridge is replaced by inert platinum sheet, the cell will

(@) not work further; as positive and negative charges will accumulate on respective sides.
(b) not work further ; as platinum performs poorly as salt—bridge.

(c) work as previous ; as platinum performs will as salt—bridge.

(d) produce less potential ; as platinum performs poorly as salt—bridge.

A current of 9.65 ampere flowing for 10 minutes deposits 3.0 g of the metal whi€h is monovalent.

The atomic weight of the metal is

(@) 10 (b) 50

(c) 30 (d) 96.5

2 L aqueous solution of HCI having pH = 1 is electrolysed for 193 sec'usi ere current, new

pH of the solution will be
(@ 1.02 (b) 13.3
(c) 6.7 (d) 6.3

When 9650 coulombs of electricity is passed
copper deposited is (Given atomic weight of
(@) 0.318¢g

(c) 31.8¢

(] pper sulphate, the amount of
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EXERCISE - IV

ONE OR MORE THAN ONE CHOICE CORRECT

1. If Sn>+2¢~ — Sn E°=-0.14V
Sn*+2e — Sn*2 E°=0.13V
then

(a) Sn*?is unstable and disproportionates to Sn** and Sn.
(b) Sn*?is stable and disproportionation reaction is not spontaneous.
(c) Sn**is easily reduced to Sn in aqueous solution.

(d) Sn** + Sn — 2Sn*? is spontaneous. <
2. What is/are not true about SHE?
(@) Temperature is 273 K (b) [H]=1M
(c) Pressure of H, =1 atm (d) pH of the solution =
3.

Electrolyte KCI KNO; NaOAc NaCl

A%, (Scm? mol ™) 149.9 91 126.5

Which of the following is/are correct?
(@ A”Hoac is517.2

(€) A”acon is 390.7

4, Ag|Ag"||I"|Agl | Ag standard em °, them K, of Agl can be found out using the following
expression
nF dE°
a) K b) InKy, =nF -E°
(@) (b) InKg, ( pr= J

g FE®
¢) Ko, = / d) logK_ = "=
© (@) logKs =5 20aRT

cell(s) Ecenn = Egey?

M) || Ag" (0.1M) | Ag(s)

W | H* (PH=1)| | Zn*2(0.01M) | Zn(s)
atm) |H" (pH=1) | | Zn*2(@A M) | Zn(s)
H,(Latm) | H (0.01M) | | Zn*?(0.01M) | Zn(s)

6. Which of the following statement(s) is/are correct?
(@) 1F is the charge carried by 1 mole of electrons.
(b) If same quantity of electricity flows through the solutions of 0.1 M AgNO; and 0.1 M CuSQO,
solutions, same weight of Ag and Cu will be deposited.
(c) Electrochemical equivalent has the units of g/C.
(d) Passage of 1F of electricity produces 1 g equivalent of a substance at either electrode.

7. Giventhat E°,, =025V, E° =034V, E =0.8V and E =_0.76 V. Which

NiZ* | Ni cu®*|Cu
of the following reactions under standard condition will not take place in the specified direction?
(8) Ni* (aq) + Cu (s) — Ni (s) + Cu*? (aq)
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(b) Cu(s) + 2Ag*(ag) — Cu™(aq) + 2Ag(s)
() Cu(s) +2H"(aq) — Cu™(aq) + H(9)
(d) Zn(s) + 2H"(ag) — Zn"*(aq) + H(9)

8. Which of the following is/are the concentration cell?
(@ Ag(s) | AgCI [HCI (My) || HCI(My) | AgCI | Ag(s)
(b) Pt]Hz(g) (p) [HCI (M) | Ha(9) (p2) | P
(c) Cd-Hg (C1)|Cd™ (M) |Cd-Hg (C,)
(d) None of these

9. In a Daniel cell, the EMF of the cell can be increased by
(a) increasing the concentration of Zn*? ions.
(b) increasing the concentration of Cu*? ions.
(c) decreasing the concentration of Cu*? ions.
(d) decreasing the concentration of Zn*? ions.

10. During the electrolysis of AgNO; (using Pt electrodes) co
anode falls from 4M to 3M. What will happen if this hap
@ Result

(b) Concentration around cathode will fall from 4

Mto 5 M.
(c) Reverse of statement (b).
(d) With silver electrodes, the reaction ogeuLrin sy —> Ag" + e
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EXERCISE -V

MATCH THE FOLLOWING

Note: Each statement in column | has one or more than one match in column IlI.

1.

Column | Column 1l
l. Pt| H; (1 atm) | H*(1M) (A) Wrong representation
Il. Pt|CI"|Cl, (B)
1. Pt|H, (latm) |H*(Cy) || H" (Cy) | Hz(1atm) | Pt ©
IV. Pt|H; (p;atm) | H (M) || H* (M) | H,(p; atm) | Pt (D)
2.

Column |
I.  Zn-Hg (C:M) | Zn**(aq) | Zn-Hg )
C,=10gper 100 gof Hg ; C, =1 g per 100 g of Hg

I Pt]Fe” Fe (c=1)]|Ce™ Ce™ (c=1)|Pt
E -1.61V ; E? —0.77V (BYSEcen =084 vV
Ce*4/Ce*3 - 1 Fe+3/Fe+2 — Y.
I11. Cu(s) | Cu™(0.01M) || Ag*(0.1M) | Ag (C)JEwn = E2,,
IV. 2Ag"+Cu— 2Ag + Cu*? .
D) Ecai# E
[Ag1=10°M; [Cu?]=10*M ) Ecen# Ecqy

Note: Each statement in column | hasignly one match#n column I1.

3.
C Column 11
I.  Pt|Hy(latm)|H" @x 10 M | Ho(1atm) | Pt -
E=|O.1(54 v)I ) [Ra(tam)| (A) M'=0.121
. Ni|Ni M) |8u, E =059V
ogm=—0.25% ; BY .. =034V (B) M'=1M
o(l) »
OH"(aq) C) K =~ 10%
11 V at 298 K
Sh*2 — 2Fe*? +Sn*™ )
ES ige =015V EC ., =0.771V at 298 K (D) K ~ 10

REASONING TYPE

Directions: Read the following questions and choose
(A) If both the statements are true and statement-2 is the correct explanation of statement-1.
(B) If both the statements are true but statement-2 is not the correct explanation of statement-1.
(C) If statement-1 is True and statement-2 is False.
(D) If statement-1 is False and statement-2 is True.
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Statement-1:
Statement-2:

(@) (A)

Statement-1:

Statement-2:

(@) (A)

Statement-1:

Statement-2:

Sodium ions are discharged in preference to hydrogen ions at a mercury cathode.
Nature of the cathode can affect the order of discharge of cations.

(b) (B) (c) (C) (d) (D)
In a galvanic cell oxidation occurs at the positive electrode and reduction occurs at
the negative electrode.
In galvanic cell oxidation occurs at anode and reduction at cathode.

(b) (B) (c) (C) (d) (D)
During electrolysis the quantity of electricity needed for deposition of 1 mole of
silver is different from that required for 1 mole of copper?
The molecular weight of silver and copper are different.

(@) (A) (b) (B) (©) (C) (d

Statement-1: One coulomb of electric charge deposits weight equal to th&\ electrochemical
equivalent of the substance.

Statement-2: One faraday deposits one mole of the substance.

(@) (A) (b) (B) (c) (C)

Statement-1: If standard reduction potential for the reaction Ag* + .8 volt, then for

Statement-2:

(@) (A)

At infinite dilution, when the dissociatio

the reaction 2Ag* + 26 — 2Ag, it will be 1.6
If concentration of Ag® ions is doubl
increased.

(b) (B) (C

t ode ction potential is

(d) (D)

LINKED COMPR

contribution towards the molar conductan
which it is associated.

The molar conductance of an
contributions from its individual ions.

A,B, — XA y

ectrolyt ite dilution can be expressed as the sum of the

XAw

AY*

Aq(AB,

where x and y

r'ef’cations and anions respectively.

(b) 271.44
(d) It cannot be calculated from the given data.

2. Calculate the degree of dissociation of 0.02 M acetic acid at 298 K, given that
Achcoony = 11.7 ohm™ cm? mol™
0 - -1 2 -1
A(CHacoo,) =40.9 ohm™ cm* mol

A, =349.1 ohm™ cm? mol™*

(a) 0.06
(c) 0.03

(b) 0.015
(d) 0.09
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3. Consider the following graph and state which of the following is the

correct statement?

(@ A~ can be calculated by this graph by extrapolation for both the

electrolyte-1 and electrolyte-2.

Electrolyte-1

> —>

Electrolyte—2

(b) A* can be calculated only for electrolyte-1 and not for

electrolyte—2 by any method. i —
(c) A* can be calculated only for electrolyte-2 and not for

electrolyte-1 using Kohlrausch law.
(d) None of this is correct.

4, The molar conductances for NaCl, HCI and CH3;COONa are respectively 126.45, 426.16 and 91

ohm™ cm?® mol™
(@) 201.28 (b) 390.71
(c) 698.28 (d) 540.48

. The value of molar conductance of CH;COOH is %

S
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EXERCISE - VI
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SUBJECTIVE PROBLEMS

A cell contains two hydrogen electrodes. The negative electrode is in contact with a solution of
10°° M hydrogen ions. The emf of the cell is 0.118 V at 25°C. Calculate the concentration of
hydrogen ions at the positive electrode.

The following electrochemical cell has been set up,
Pt | Fe**, Fe*" (c = 1) || Ce*", Ce* (c = 1) | Pt.

Given: E°,, , =077Vand E®° ,, ., =161V.
Fe " |Fe Ce"" | Ce
If an ammeter is connected between two platinum electrodes, predic iregtio ow of

current. Calculate the cell potential at 298 K.

Two weak acid solutions HA and HB each with the same
and 6 placed in contact with hydrogen electrode (1 atm, 258C
bridge. Find emf of the cell.

Answer whether under standard conditions the followi actigns ave possible or not.
(i)  Will Fe reduce Fe** to Fe?*?

(i)~ Will the permanganate ion, MnO ,, ¢ r in the presence of an acid?

(iii) 0,),?
(iv) e’ to Fe*?
)
EF93*|Fe =-0.036V, ECUZ*] c,= 0337V,
Eomozm: 0.401V =-0.136 'V, ECrzoﬁcF* =133V
and Esm o 0.
A current 0 through 300 ml of 0.16 M solution of ZnSQO, for 230 s with a current

ut the molarity of Zn?" after the deposition of Zn. Assume that the volume
in constant during the electrolysis.

duction potential of Cu®* | Cu is +0.34 V. Calculate the reduction potential at pH =
apove couple in a saturated solution of cupric hydroxide. Kg, of Cu(OH), is 1.0 x 107"

An excess of liquid Hg was added to 10~ M acidified solution of Fe* ions. It was found that only

5% of the ions remained as Fe*? at equilibrium at 25°C. Calculate E:g”ng+ at 25°C.
2

The equilibrium reaction is
2Hg + 2Fe’ = Hg," +2Fe"" and E ,. .. =-0.77V.
What ratio of Pb*? to Sn*? concentration is needed to reverse the following cell reaction,
Sn(s) + Pb**(aq) = Sn**(aq) + Pb(s).

Given: E° ,, =-0.136VandE  , =-0.126V.
snt2| Pb™2|Pb

Sn_
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9. Two electrochemical cells are assembled in which the following reactions occur,
VZ+VO? +2H" —2Vv? +H,0 Ece=0.616 V

V?2 4+ Ag"+ H,0—— VO™ + 2H" + Ag(s) ; E..,=0.439 V.
=0.799 V.

N
<

o

Calculate E° for half—cell reaction, V** + = —— V*?; if EAg+| Ag

10. Show that the standard potential of the reaction,
Hzo +e — ¥ H, + OH™
is given as E°= R—FTIn K.,

Determine the value of E° of this reaction at 298 K.
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ANSWERS

EXERCISE - |

CBSE PROBLEMS

1. E g/ C, electrochemical equivalent 2. Kohlrausch law
96500
3. (i) H,, Cl, and (ii) Na(s), Cl, 4. AG°<0O,AG°>0
5. By increasing [M™] or by decreasing ‘T’
6. H" + l&¢ — % H,
7. H,, O, 8. 2.96¢
10. No
. . . . (o] [0}
11. Zinc is a better protecting agent than tin because EanIZn < E3n2+|5n-
12.  Ay=16.57 ohm™ cm? 14. K. =1.586 x 10 ; A,G° 8457.41 k] mol™
EXERCISE - 11
JEE & NEET-SINGLE CORRECT
1. (a) 2. (b) 3! 4. (d) 5. (d)
6. (c) 7. (a) 8. 9. (b) 10. (c)
11. (a) 3. (0) 14. (b) 15. (c)

EXERCISE - 111

HT-JEE-SINGLE CHOICE CORRECT

1. 2. (b) 3. (d) 4. (a) 5. (b)
6. () 7. (© 8. (b) 9. (a) 10. (c)
11. (o) 12. (c) 13. (c) 14. (b) 15. (b)
16. (c) 17. (a) 18. (b) 19. (d) 20. (d)
21. (b) 22. (a) 23. (b) 24. (a) 25. (h)
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EXERCISE - IV

ONE OR MORE THAN ONE CHOICE CORRECT

1. (b, d)

2. (ad) 3. (c,d)

4. (c,d) 5. (a, b)

6. (a c, d)

7. (a¢) 8. (a,b,c)

9. (b, d) 10. (b, d)

EXERCISE - V

MATCH THE FOLLOWING

1. I-(C), (D) ; I=(A) ; I-(B), (D) ; IV-(B), (D)
2. - (A), (D) ; II-(B), (D) ; Il-(C) ; IV—(D)
3. I—(A) ; 1-(B) ; NI-(C) ; IV-(D)

REASONING TYP

1. @

2. (d)

5 (d)

5.

6.

7. 0793V
{Z:z} <0.459

9.  -0.256

0. -0.827V

1. 10*M
2. cerium elec rode, 0.84 V
3.

n
‘u) Yes (iv) Yes (V) Yes
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