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Electrochemistry

ELECTROLYTES
Solid and hiquid substances, which are able to conduct the electric current, can be roughly divided into
two categorics i.¢. metallic conductors and electrolytic conductors.

In metallic conductors or electronic conductors, the electric current is carried by the mobile electrons.
When an electric potential is applied to metallic conductors, the electrons start moving in one direction
while the positive ions remain stationary. Thus, the flow of electricity is not accompanied by any
appreciabble movement of the matter.

Electrolytic conductors or electrolytes are distinguished from metallic conductors by the fact that the
current is carried by ions and not by electrons. The application ofan electrical potential causes these
charged particles of matter to move, the positive ions move towards the cathode and the negative iors
move towards the anode. Thus, passage of an electric current through an electrolyte is always
accompanied by transfer of matter. This transfer is manifeasted by changes in concentration, and also
by wisible separation of material at the points where the clectric current enters and leaves the clectrolyte.
Electrolytes generally employed are salts in molten form or salts dissolved in water.

ELECTROCHEMICAL CELLS

An electrochemical cell consists of two electrodes (metallic conductors) in contact with an electrolyte
(an jonic conductor).

Anelectrode and its electrolyte comprise an Electrode Compartment.
Electrochemical Cells can be classified as:
0] Electrolytic Cells in which a non—spontaneous reaction is driven by an external source of current.
(in) Galvanic Cells which produce electricity as a result of a spontaneous cell reaction
Note: Ina galvanic cell, cathode is positive with respeet to anode.
Ina electrolytic cell, anode 1s made positive with respect to cathode.
ELECTROLYSIS
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.

The clectrode at which oxidation takes place is called anode and the electrode at which reduction takes
place is called cathode. The electrodes are named anode or cathode depending upon the reaction
occurring on themand not on te basis of sign ofelectrodes. SR =

ELECTROLYTIC CELL
This cell converts electrical energy into chemical energy.
The entire assembly except that ofthe external battery is
known as the electrolytic cell

Anode (+) —eCathode (-)

g-— Flectrolyvte

Electrolytic c|1
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ELECTRODES
Anode Positive Loss of clectron Positive
or oxidation current
takes place enters
Cathode Negative Gain ofelectron Current
or reduction leaves
takes place

FARADAY’S LAWS OF ELECTROLYSIS:

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

0] First Law of Electrolysis

When an electric current is passed through an electrolyte, the amount of substance deposited is
proportional to the quantity of clectricity passed through the clectrolyte.

If W be the mass of the substance deposited by passing Q coulomb ofcharge, then according to the
law, we have the relation : Wee Q

Remember that Q is not the amount of charge passed but it is the amount of charge utilized.

A coulomb is the quantity of charge when a current of onampere is passed for one second. Thus,
amount of charge in coulombs,

Q = Current in amperes  time in seconds

- Ix1
So W = Ixt
or W= ZxIxt
where 7. is a constant, known as electro-chemical equivalent, and is characteristics of the substance
deposited.
When a current of one ampere is passed for the one second, Le., one coulomb (Q= 1), then
W= Z

Thus, electrochemical equivalent can be defined as the mass ofthe substance deposited by one coulonb
ofcharge or by one ampere of current passed for one second.

(i) Second Law of Electrolysis

The amount of different substances depositied or disssolved by the same quantity of electricity are
proportional to their respective chemical equivalent weights.

W =  ZxQ
Ths, E =  Zx96500

7z = Emese0. =L
or ’ B ’ © Zy Es
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Charge and Potential Difference

As one g-equivalent of an ion is liberated by 96500 coulomb, it follows that charge carried by one g-
equivalent ofan ion is 96500 coulomb. Ifthe valency ofanionis ‘n’, the one mole of these ions will
carry a charge of nF coulomb. One g-mole ofan ion contains 6.02 x 10?3 jons.

nF
Then, the charge carried by an ion= 6.02x102 coulomb

nF
Forn=1, The fundamental unit of charge= 6.02 %102

96500 =
e 6.02x102 = 1.6 x 107" coulomb
or 1 coulomb* = 6.25 x 10'8 electrons

The rate of flow of electric charge through a conductor is called the electric current.

| coulomb = 1 ampere-second
. Eleetric charge
Electric current = <
Time
| 3 1 coulomb
ampeze i 1 second

Volt is a unit of electrical potential difference, it is defined as potential energy per unit charge.

| joule 1 newton x | metre

1 volt =
| coulomb | ampere x | second

Electrical energy = potential difference * Quantity of charge
= VxQ

Vx]xt (1 =ampere; t = second)

Watt-second

One faraday is the charge required to liberate or deposit one gm equivalent of a substance at
corresponding electrode.

Faraday’s Law for Gascous Electrolytic Product

]

We know W = Q
= Z1t
w - ItE :
T 96500 D)
where Z = E/96500

Equation (1) s used to calculate the mass of solid substance dissolved or deposited at an electrode.
For the gases, we use
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IV,
96500
where V = volume of gas evolved at S.T.P. at an electrode
V.= Equivalent volume
= Volume of gas evolved at an electrode at S. T.P. by | Faraday charge.
Table 1 : Distinction between metallic and Electrolytic conduction.

.. i)

AV =

S.No. Metallic conduction Electrolytic conduction

| Electric current flows by Electric current flows by

movemnt of electrons. movement of ions.
. lons are oxdised or reduced at

2 No chemical change the clottrodes.

3 It does not involve the transfer | It involves transfer of matter in
of any matter the form of ons.

4 Ohm's hw is followed Ohm's bw i followed

5 Resistance merease with merease | Resstance decreases with
of temperature mcrease of temperature

6 Faraday law is not followed Faraday law is followed

CONDUCTANCE
Specific 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 as well as electrolytic conductors.
According to the Ohm’s law, the resistance of a conductor is directly proportional to the length and is
inversely proportional to the area of cross-section of the conductor.

Rm!:i

a
R=p:¢a{
a
17
p Ra
K=G'i
A

where I is the distance between the electrodes, “a’ is the area of cross-section of electrodes, p is the
resistivity ofthe solution, K is conductivity (specific conductance) of the solution and G is conductance.

I
K iscell constant.
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Now, if /=1 unit of length and a= | unit ofarea, then

K=G
i.e., K is conductance of the solution which is placed | unit length apart between the electrodes of1 unit
arca.

Thus, specific conductance is the conductance ofa conductor which is observed whenitis | emin
length and 1 sq. cmin cross-sectional area. In other words, it is the conductance of | cc of'the ekectrolyte.
The unit of resistance is ohm (€2) so unit of conductance will be ohm™" or Q' and expressing /in cm
and a in cm?, the unit of specific conductance are Sm! where S stands for Semen.

Molar Conductance (A )

The conductance ofall the ions [urnished by one mole of an electrolyte in any solution is termed asits
molar conductivity”.

Thus, molar conductance is expressed as

Conductivity _k
Concentration in moles per unit volume (C,) C,

Molar conductance (A, )=

Expressing molar conductance in unit of Q~'em?mol!', mathematical expression assumes the form

L
A, =G % 1000

Siunitsof A is S m? mol-!

Here A, is molar conductance

K is conductance of solution
C_ is concentration of solution in terms ofmolarity.
Equivalent Conductance

Equivalent conductance is the conducting power ofall the ions produced by one g-equivalent i.e. one
equivalent ofan electrolyte ina given solution. The equivalent conductance my, therefore, be defined as
the conductance which is observed when two sufficiently large electrodes are dipped into solution at
unit distance so as the enclose in between them the entire volume of solution containing one equivaknt
of'the electrolyte.

k

Ay = Normality

- - 1 - ]
Expressing A inS cm*equiv'.

A x 1000

o = Normality
Relationship Between Molar and Equivalent Conductivities
A, =nxA_

Where n=n factor of electrolyte = total charge carried by either of the positive or negative ion.

2637, Hudson Lane, Behind Khalsa College, Near G'T.B. Nagar Metro Station Gate Na. 3 & 4, New Delhi - 110009
Mob. 09555785548, 08860929430, e-mail; infofdasfinstitute.com, www asfinstitute.com

6

Scanned by CamScanner



AsHokA SciextiFic Forum ELECTROCHEMISTRY

Variation of Conductance with Dilution
Upon dilutioni.e. lowering concentration, specific conductance decrease while equivalent and molar
conductances increase. At infinite or almost zero concentration equivalent conductance and molar
conductance attain their respective limiting values called equivalent conductance at infinite dilution ()

or zero concentration (A ) and molar conductance at infinite dilution (A;) or zero concentration ( ("‘En ] ,

respectively. The increase of A or A_ with dilution of a weak electrolyte is attributable to increase of
degree ofdissociation with dilution resulting into more number of ions in solution. Note that ions are
carricrs of electricity. The increase of A and A_ of a strong electrolyte which remains completely
ionised at alldilutions, is attributed to increase in the ionic mobilities of ions due decrease in inter-ionic
attraction. As dilution approaches unity, the member ofions becomes maximum and hence A as well as
»_ approach their respective maximum value. In the case of strong electrolyte, however, the maximum
valueof aor A _ isattained due to the maximum ionic mobilities of the ions since at infinite dilution the
dissociation of'strong electrolyte is complete and inter-ionic attraction cases o exist completely.

The decrease in K may also be explained in the following way. Upon dilution the number of'ions, in the
case of weak electrolyte, increase but volume of solution also increases. The increase of volume isin
greater proportion than the increase ol number of'ions resulting into decrease in number olions perc.c.
solution. The specific conductivity being the conductivity of | ¢.c. solution, should obviously decrease.
The vanation of molar conductance of a strong electrolyte with concentration is theoretically give by
Debye-Hiicke-Onsager equation

Ay = A —(H+BA2.,}J6
Where Aand B are the Debye-Hiickel constants depending upon nature of the solvent and temperature
and C is the molar concentration of solution.

AL

Sirong alecirolyle

Weak electrolyie

JC —
Arrhenius Theory of Electrolytic Dissociation for weak Electrolytes

According to the Arrhenius theory of clectrolytic dissociation, there exists an equilibrium betweenthe
undissociated molecule AB and the ions A™ and B~ which result from the dissociation of the molecule.
Thus,

AB=A" +B~
This equilibrium is characterized by the equilibrium constant, defined as
_[A™][B7]

[AB]
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If a is the degree of dissociation and c is the initial concentration of the weak electrolyte AB, then
concentrations of various species are :

(A7 = [Bl=ca
[AB] c(l —a)

I

(cat) (cat) _ ca’
cl-a) I-a

Thus K =

Since a << 1, we have K= cat? or o =K /c.

The expression ¢ =+/K /¢ is known as the Ostwald dilution law, according to which the degree of

dissociation increases as ¢ decreases. As a is increased, the concentration of the ion A™ and B~ are
also increased. Thus, the increase of conductance for a weak electrolyte is pnmarily due to the increase
in the number of'ions on dilution.

Debye-Huckel-Onsager Theory Tonic Atmosphere for strong electrulytes

The conductance data of many substances did not conform to Ostwald dilution law. These substance
arc strong clectrolytes which are known to be completely jomzed in solution. The variation of molar
conductivity of a dilute solution of a strong electrolyte on dilution is explained in the basis of Debye-
Huckel-Onsager theory. According to this theory, each ion in solution is surrounded by an ionic
atmosphere consisting of other ions whose net average charge is opposite to that ofthe central. Ton this
ionic atmosphere is spherical and symmetrical in nature in the absence of any disturbing factor suchas
the application of potential across the two electrodes immersed in the solution during the conductance
measurements. However, when the potential is applied, the ions start moving towards the respective
clectrodes and a as a result the 1onic atmosphere 1s distorted which result ina decrease m speed of the
ions. Debye and Huckel showed that these effects are due to two factors, namely, (2) relation of ionic
atmosphere due to an applied potential or symmetry effect and (b) the electrophoretic effect.

Asymmeiry Effect

This arises from the fact that any central ion and is atmosphere are oppositely charged, 1.¢., whenthe
central ion is positively charged, the atmosphere is negative, and vice versa. Because ofthis, thecentral
ion and the atmosphere tend to move in opposite directions as the potential is applied across the
electrodes. Thus, a central positive ion will tend to move towards the cathode while its ionic atmosphere
will tend towards the anode. This results in the distortion of spherical and symmetrical nature of the
ionic atmosphere as shown in figure. Consequently, the force exerted by the atmosphere on the central
ion is no longer uniform in all directions : it is greater behind the ion than in front of it. Thus, the central
ion experiences a retarding force opposite to the direction of its motion with the result that its speed

lowered.
+ %

- = ——

iy,

!t I

L+

] 1
T
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Electrophoretic Effect

lons in solution are generally solvated and when these move, they carry with them the associated
solvent molecules. Since cations and anions move in the opposite directions, it is obvious that any
particular ion, say the central ion, does not move through a stationary medium but through a mediumin
which solvent molecules carried by the ions of the atmosphere move in the opposite direction. Simihrly,
the ion involved in the ionic atmosphere move in a medium of opposite moving solvent molecules
carried by the central ion. Thus, both type ofions, while moving in solution do not travel througha
stationary medium but through a medium which moves in the opposite direction. These counter-currents
make it more difficult for the ion to move through the solution and thus slow down its motion. This is
known as the clectrophoretic eftect.

Onsager expression for strong electrolytes
- 5 1/2
An=An —(AA] +B)e
The first term AAT Jc isthe decrease in molar conductivity due to the asymmetric effect.
The second term BaJc is the decrease in molar conductivity due to the electrophoretic effect.
Kohlranscn’s Law of Independent Migration of Ions
At very low concentrations, the molar conductivity of a strong clectrolyte tends to reach a limiting value.

This value of molar conductivity is called the molar conductivity at infinite dilution (A ). At such high

dilutions, the interionic attractions become negligible and cach ion mugrates independent of the other
ions. These observations were used by Kohlrausch to postulate a famous law called Kohlrausch’s law
of independent ion migration. The Kohlrausch’s law in terms of molar conductivity is stated as follows:
“At mfinite dilution, the molar conductivity ofan electrolyte can be expressed as the sum ol contnbutions
from its individual ions.”

Ap=v, A +V AT

where v, and v_are the numberr of cations and anions per formula unit of electrolyte respectively and
A7 and 3™ are the molar conductivities of the cation and anion at infinite dilution respectively.
Application of Kohlransch’s Law

(i) Determination of 32 of a weak electrolyte

In order to calculate A), of a weak electrolyte say cH,COOH, we determine experimentally AJ,
values of the following three strong electrolysis:

(a) A strong clectrolyte containing same cation as in the last electrolyte, say HCI

(b) A strong electrolyte containing same anion as in the test electrolyte, say CH,COONa

(c) Astrong electrolyte containing same anion of (a) and cation of(b) i.e. NaCL

of CH,COOH is the given as

(CH,COOH) = (HCI) + (CH,COONa) — (NaCl)

Proof
(HCl)= .
(CH,COONa) = o)
(NaCl)= )l
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Adding equation (I) and equation (IT) and substracting(IT) from them

"":Illcl + A?CII,C(H)N:] = "\?N.c‘n = ?"Tp + lrmémmn] = Apeen,coon
(i) Determination of degree of dissociation (a)
3 No.. of moleculars ionised A,
~ total number of molecules dissolved _T\E-
(iii)  Determination of solubility of sparingly soluble salt

K x1000
S= At-

¥

S is solubility of sapringly soluble salt.
(iv)  Determination of ionic product of water

R _. Kx1000
[H™]=[OH ]=A—° K, =[HT K, = ionic product of water
TRANSPORT NUMBER

According to Faraday's first law of electrolysis, the number of 1ons discharged at an electrode is
proportional to the total quantity passed through the solution, hence it follows that

Total quantity of electricity that

passes through the solution } o sum of the mobilities of the ions

The quantity of electricity
carried by particular 1ons
The fraction ofthe total current carried by each ion is called transport number. Thus, ifu, isthe
mobility of cation and u_ that of the anion, then

] e the mobilities of that particular ion

Current carried by the cation ~ u,
Total current u, +u_
Similarly, transport number ofthe anion, t_=u_/(u, +u_)
Further, since t, +t_=1, it follows that ifthe transport number of one ofthe ions is known, that of the
other can be easily calculated.

Transport number ofthe cation, t, =

u, = A
YT Z,F
GALVANIC CELL

This cell converts chemical energy into electrical energy.

—t—= Cathode of Cu

Anode of Zn g |
(+ve electrode)

{—ve electrode) -
&

Cation =
plug (Cathodic Cell)
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Galvanic cell is made up oftwo halfeells i.e., anodic and cathodic. The cell reaction is of redox kind.
Oxidation takes place at anode and reduction at cathode. It is also known as voltaic cell. 1t may be
represented as shown in Fig. Zinc rod immersed in ZnSO, behaves as anode and copper rod immersed
in CuSO, behaves as cathode.

Oxidation takes place at anode:

Zn—— Zn*" +2e (loss of electron : oxidation)

Reduction takes place at cathode:

Cu?* +2e-—— Cu (gain of electron ; reduction)

Over all process:

Zn(s)+ Cu** —— Cu(s) + Zn**

In galvanic cell like Daniell cell; electrons flow from anode (zinc rod) to the cathode (copper rod)

through external circuit; zinc dissolves as Zn** ; Cu** ion in the cathode cell picks up two electron and
become deposited at cathode.

SALT BRIDGE

Two electrolyte solutions in galvanic cells are seperated using salt bridge as represented in the Fig. salt
bridge is a device to minimize or eliminate the liquid junction potential. Saturated solution of'salt like
KCI, KNO,, NH,Cl and NH,NO, ctc. inagar-agar gelis used in salt bridge. Salt bridge contains high
concentration of ions viz. K* and NO,™ at the junction with electrolyte solution. Thus, salt bridge
carries whole of the current across the boundary ; more over the K'and NO,~ ions have same speed.
Hence, salt bridge with uniform and same mobility of cations and anions minimize the liquid junction
potential & completes the electrical circuit & permits the ions to migrate.

REPRESENTATION OF AN ELECTROCHEMICAL CELL (GALVANIC CELL)

®
(@

(iii)

(V)
v

The following universally accepted conversions are followed in representing an electrochemical cell:
The anode (negative electrode) is written on the left hand side and cathode (positive electrode) onthe
right hand side.

A vertical line or semicolon (;) indicates a contact between two phases. The anode of the cell is
represented by writing metal first and then the metal ion present in the electrolytic solution. Bothare
separated by a vertical line or a semicolon. Forexample Zn | Zn?* or Zn ; Zn?*

The molar concentration or activity of the solution is written in brackets after the formula ofthe ion.
For example
Zn|Zn* (1 M) or Zn|Zn2" (0.1 M)
The cathode ofthe cell is represented by writing the cation ofthe electrolyte first and then metal Both
are separated by a vertical line or semicolon. For example,
Cu? | Cuor Cu®*: Cuor Cu®* (1 M) | Cu

The salts bridge which separates the two half-cells is indicated by two parallel vertical lines.
Sometimes negative and positive signs are also put on the electrodes.
The Daniel cell can be represented as :

Zn|ZnSO,(aq) || CuSO,(aq)|Cu

Anode Salt bridge Cathode

Oxidation hall-cellReduction half-cell
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or Zn|Zn>*|| Cu?*|Cu
or Zn|Zn** (1 M)|| Cu®** (1 M)|Cu

ELECTROCHEMICAL SERIES
By measuring the potentials of various electrodes versus standard hydrogen electrode (SHE), a series
of standard clectrode potentials has been established. When the electrodes metals and non-metals) m
contact with their ions are arranged on the basis of the values of their standard reduction potential or

standard oxidation potential, the resulting series is called the electrochemical or electromotive oractive
serics of the clements

Standard Aqueous Electrode Potentials at 25°C
“The Electrochemical Series’

Standard Elecirode

Element Electrode Reaction Reduction Potential
E®°, volt

Li Lit+e =Li 1 -3.05
K K*+e =K -2.925
Ca = # Ca’* +2e =Ca e -2.87
Na F': ch Na®™+e = Na &0 g -2.714
Mg o Mg +2e-=Mg 22 237
Al 23 AB* +2¢-=Al -§ 2 ~1.66
Zn S 9 In*"+2e=Zn g 2 —0.7628
Cr 2 E CP*+3e=Cr 5 & -0.74
Fe g5 Fe?* +2¢ = Fe QJ E —0.44
Cfi = & Ci_ + ?.e_ = C.d gﬂ E -0.403
Ni -g @ Ni2* + 2¢-=Ni 5 g -0.25
Sn g g Sn**+2¢=Sn § & -0.14
H, = MT+2e=H, T 0.00
Cu Cu?* +2e =Cu 0.337
I 1, +2e=2I 0.535
Ag AgT+e =Ag 0.799
Hg Hg?* +2e-=Hg 0.885
Br, Br, +2e"=2Br 1.08
Cl, Cl,+2e"=CI 1.36
Au Auv*t+ 3¢ =Au 1.50
F, F,+2¢ =2F 287
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APPLICATION OF ELECTROCHEMICAL SERIES

(i) Reactivity of metals : The activity ofthe metal depends on its tendency to lose electronor electrons,
i.c., tendency to form cation (M"*). This tendency depends on the magnitude of standard reduction
potential. The metal which has high negative value (or smaller positive value) of standard reduction
potential readily loses the electrons and is converted into cation. Such a metal is said to be chemically
active.

The chemical reactivity of metals decreases fromtop to bottom in the series. The metal higher in the

series is more active than the metal lower in the series. For example,

(a) Alkalimetals and alkaline earth metals having high negative values of standard reduction potentials
are chemically active. These react with cold water and evolve hydrogen. These readily dissolve in
acids forming corresponding salts and combine with those substance which accept electrons.

(b) Metals like Fe, Pb, Sn, Ni, Co, etc., which lie a little down in the series do not react with cold water
but react with steam to evolve hydrogen.

(c) Metals like Cu, Ag and Au which lic below hydrogen are less reactive and do not evolve hydrogen
from water.

(i) Electropositive character of metals : the electropositive character also depends on the tendency to
lose electron or electrons. Like reactivity, the electropositive character of metals decreases fromtop to
bottom in the electrochemical series. On the basis of standard reduction potential valucs, mctals are
divided into three groups:

(a) Strongly electropositive metals : Metals having standard reduction potential near about 2.0 volt
or more negative like alkali metals, alkaline earth metals are strongly electropositive in nature.

(b) Moderately electropositive metals. Mctals having values of reduction potential between 0.0
and about —2.0 volt are moderately electropositive. Al, Zn, Fe, Ni, Co, etc., belong to this group.

(c) Weakly electropositive metals : The metals which are below hydrogen and possess positive
values of reduction potentials are weakly electropositive metals. Cu, Hg, Ag, etc., belong to this
group.

(iii)  Displacement reactions :

(a) To predict whether a given metal will displace another, from its salt solution : A metal
higher in the series will displace the metal fromits solution which is lower inthe series, i.¢., the metal
having low standard reduction potential will displace the metal from its salt’s solution which has
higher value of standard reduction potential. A metal higher in the series has greater tendency to
provide clectrons to the cations ofthe metal to be precipitated.

(b) Displacement of one non-metals from its salt solution by another non metal : A nonmetal
higher in the series (lowards bottom side), i.e., having high value of reduction potential will displace
another non metal with lower reduction potential .e., occupying position above in he series. The
nonmetal’s which possess high positive reduction potentials have the tendency to accept electrons
readily. These electrons are provided by the ions of the nonmetal having low value of reduction
potential. Thus, Cl, candisplace bromine and iodine from bromides and iodides.

Cl, + 2KI —> 2KCl + I,
20— I, +2e (Oxidation)
Cl,+2¢- — 2CI (Reduction)
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(iv)

(v)

[The activity or electroncegative character or oxidising nature of the nonmetal increases as the value
of reduction potential increases. |

(c) Displacement of hydrogen from dilute acids by metals : The metal which can provide electrons
to H" ions present in dilute acids for reduction, evolve hydrogen from dilute acids.

Mn — Mn"" +ne” (Oxidation)

2H"+2¢- — H, (Reduction)

The metal having negative values of reduction potential possess the property of losing electron or
electrons.

Thus, the metals occupying top positions in the electrochemical series readily liberate hydrogen
from dilute acids and on descending in the series tendency to liberate hydrogen gas from dilute
acids decreases.

The metals which are below hydrogen in electrchemical series like Cu, Hg, Au, Pt, ctc., do not
evolve hydrogen from dilute acids.

(d) Displacement of hydrogen from water : lron and the metals above iron are capable of liberating
hydrogen from water. The tendency decreases from top to bottom in electrochemical series.
Alkali and alkaline earth metals liberate hydrogen from cold water but Mg, Zn and Fe liberate
hydrogen from hot water or steam.

Reducing power of metals : Reducing nature depends on the tendency of losing electron or electrons.

More the negative reduction potential, more is the tendency to lose electron or electrons. Thus, reducing

nature decreases from top to bottom in the electrochemical series. The power ofthe reducing agent

increases as the standard reduction potential becomes more and more negative.

Sodium is a stronger reducing agent than zinc and zinc is a stronger reducing agent than iron.
Element Na Zn Fe
Reduction -2.71 -0.78 -0.44

b

Reducing nature decreases
Alkali and alkaline carth metals arc strong reducing decreases.

Oxidising nature of nonmetals : Oxidising naturc depends on the tendency to accept clectron of
electrons. More the value of reduction potential, higher is the tendency to accept electron or electrons.
Thus, oxidising nature increases from top to bottom in the clectrochemical series. The strength of an
oxidising agent increases as the value ofreduction potential becomes more and more positive.

F, (Fluorine) is a stronger oxidant than Cl, , Br, and [,.
Cl, (Chlorine) is a stronger oxidant than Br, and 1,.
Element I, Br, Cl, F,
Reduction potential ~ +0.53 +1.06 +1.36 +2.85

w

Oxidising nature increases
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Thus, m electrochemical series

Top (Strongest reducing agent)
Highest negative reduction potential

or

Reducing
nature

(Minimum reduction potential)

Oxidising
nature

Bottom (Strongest oxidising agent)
Highest positive value of reduction potential

A8

(vi)  Thermal stability of metallic oxides : The thermal stability of the metal oxide depends on its
electropositive nature. As the electropositivity decreases from to lop bottom, the thermal stability of
the oxide also decreases from top to bottom. The oxides of metals having high positive reduction
potential are not stable towards heat. The metals which come below copper formunstable oxides, i.e.
these are decomposed on heating,

Ag,0 —2 5 2Ag+ 1120,

Heat

2Hg0 —=2 2Hg+0,

BaO .
Na,O —=— No decomposition
ALO;

(vii) Product of electrolysis : In case two or more type of positive and negative ions are present in
solution, during electrolysis certain ions are discharged or liberated at the electrode in preference to
others. Ingeneral, in such competition the ions which is stronger oxidising agent (high value of standard
reduction potential) is discharged first at the cathode. The increasing order of deposition of few cations
I5:

K*.Ca®* Na*, Mg?*, APY, 7Zn?* Fed* 0, Cu?*, AgF At
mcreasing order of deposition 4

Similarly, the anion which is stronger reducing agent (low value of standard reduction potential) is
liberated first at the anode.

The increasing order of discharge of few anion is :

S(Ji*, NO3,OH™ ,Br~,I”
Increasing order of discharging "

Thus, when an aqueous solution of NaCl containing Na*, CI", H* and OH™ ions is electrolysed, H*
ions are discharged at cathode and Cl” ions at the anode, i.e., H, is liberated at cathode and chlorine at
anode.

When an aqueous solution of CuSO, containing Cu*", 8043‘, H* and OH" ions is electrolysed, Cu?*
ions are discharged at cathode and OH~ ions at the anode.

Cu®* + 2¢- —— Cu (Cathodic reaction)

40H™ — 0, +2H,0+4c¢” (Anodic reaction)

Cu is deposited on cathode while O, is liberated at anode.
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(viii) Corrosion of metals : Corrosion is defined as the deterioration of a substance because ofits reaction
with its environment. This is also defined as the process by which metals have the tendency to go back
to their combined state, i.e., reverse of extraction of metals.

Ordinary corrosion is a redox reaction by which metals are oxidised by oxygen in presence of moisture.
Oxidation of metals occurs more readily at points of strain. Thus, a steel nail first corrodes at the tip and
head. The end of a steel nail acts as an anode where iron is oxidised to Fe** ions.

Fe —> Fe? +2e~ (Anode reaction)

The electrons flow along the nail to areas containing impurities which act as cathodes where oxygenis
reduced to hydroxyl ions.

0, +2H,0 +4e” — 40H" (Cathode reaction)

REVERSIBLE AND IRREVERSIBLE CELLS

In dealing with the energy relations of cells, thermodynamic principles find extensive applications.
However, the use of these principles is subject to one important restriction, namely, that the system to
which they are applied be reversible in thermodynamic sense. This require that :

(nH the driving and opposing for¢es the infinitesimally different fromeach other, and

(2) it should be possible to reverse any change taking place by applying a force infinitesimally greaterthan
the acting one.
A cell satisfying the above two requirements constitutes a reversible cell. The potential difference ofthe
cell can be substituted into the relevant thermodynamic relations and hence the value of thermodynamic
properties such as free energy change, entropy change and enthalpy change of the cell reaction can be
determined. When the above conditions are not satisfied, the cell is said to be irreversible, and
thermodynamic relations do not apply.
The difference between reversible and ireversible cells may be illustrated with the following two examples.
An exampler of Reversible Cell

Consider a cell composed of Zn and Ag-AgCl electrodes into an aqueous solution of zinc chloride. As
seen earlier, the following reactions take place on connecting externally.

Anode 1/2 Zn(s) = 1/27n**(ag) + e

Cathode : AgCl(s) + e — Ag(s)+ Cl(aq)

withthe netreaction  1/2Zn(s) + AgCl(s) = Ag(s) + 1/2 Zn**(aq) + Cl(aq)

The above process continues as long as the external opposing potential is infinitesimally smaller than
that of the cell. However, ifthe opposing potential becomes slightly larger than that ofthe cell, the
direction of current flow 1s reversed, and so 1s the cell reaction. Now zine 1ons are converted to zing at
one electrode, silver chloride is formed from silver and chloride ions at the other, and the overall cell
reaction becomes

Ag(s) 1/2 Zn** (aq) + CI(aq) — 1/2 Zn(s) +AgCl(s)

Thus, it is obvious that the second condition ofirreversibility mentioned above is satisfied. The first
condition can be satisfied by drawing from or passing through the cell a very minute current. Hence, the
cellis reversible.

STANDARD ELECTRODE POTENTIAL

The potential difference developed between metal electrode and the solution of its 1ons of unit molarity
(1 M) at 25°C (298 K) is called standard electrode potential.
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Standard reduction potential = ~{(Standard oxidation potential)

or Standard oxidation potential = —{(Standard reduction potential)

CONCEPT OF ELECTROMOTIVE FORCE (EMF) OF A CELL

Electron flows from anode to cathode in external circuit due to a pushing effect called electromotive
force (e.m.f). E.m.f. is some times called as cell potential. Unit of e.m.f. of cell is volt.

EMF of cell may be calculated as :
E_,= reduction potential of cathode — Reduction potential ofanode
Similarly, standard e.m.f. ofthe cell (E*) may be calculated as
E® o = Standard reduction potential ofcathode — Standard reduction potential of anode
SIGN CONVENTION OF EMF
EMF of cell should be positive other wise it will not be feasible in the given direction .
7Zn|7ZnSO, | CuSO, |Cu  E=+1.10volt (Feasible)

Cu | CuSO, || ZnSO, | Zn IF=-1.10 volt (Not Feasible)

Nernst Equation
‘ For a single electrode involving the reduction process, M** + ne” — M, the nernst equation is

E=F°_ 2.303RT ou [M] or E=E°— 2.303x8.314x298 log [M]

nF [M™] n x 96500 [M™]
or E=E°- 0959 log [M]
n {M I1+]

. For an electrochemical cell having net reaction :

xA +yB e mbD, the EMF can be calculated as

o 0059 [CT[D]"
Ecenn = Ecan — - IOE[A]"[B]Y

. In using the above equation, the following facts should be kept in mind.
() Concentration or activity of solids is taken to be UNITY.
(i) Concentration of activity of gases is expressed in terms of their partially pressures.
(m) n, the number of electrons transferred should be calculated from the balanced net reaction.
Note :
. Relationship between free energy change and cell potential can be written as
AG=-nFE_,
For standard state condition
AG®=-nFE°
. Equilibrium constant of net cell reaction is related to the standard EMF as
0.059
E° =

cell n

log K.
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EMF OF GALVANIC CELL.

Every galvanic or voltaic cell is made up of two half-cells, the oxidation half-cell (anode) and the
reduction half-cell (cathode). The potential of these hall-cells are always different. On account ofthis
difference in electrode potentials, the electric current moves from the electrode at higher potential to the
clectrode at lower potential, i.e. from cathode to anode. The direction of the flow of electrons is from
anode to cathode.

Flow ol electrons
Anode 5 > Cathode

Flow of currents

The difference in potential of the two half-cells is known as the electromotive force (emf) ofthe cell or
cell potential.

PREDICTION AND FEASIBILITY OF SPONTANIETY
OF A CELL REACTION

Work done by the cell = nFE;
It 1s equivalent to decrease m free energy AG=-nFE
Under standard state A G =—nFE? (M)

)] From thermodynamics we know, A G= negative for spontaneous process. Thus fromeq.(1) it is
clear that the EMF should be +ve for a cell process to be feasible or spontaneous.

(i) When AG = positive, E =negative and the cell process will be non spontancous.
(m)  When G=0, E =0 and the cell will attain the equilibrium.

Reactions AG E
Spontaneous () )
Non- spontaneous (+) -)
Equilibrium 0 0

Standard free energy change of'a cell may be calculated by electrode potential data.

Substituting the value of E° (Le., standard reduction potential of cathode- standard reduction potential

ofanode) in eq. (i) we may get AGY.

Let us sec whether the cell (Daniell) is feasible or not: i.e. whether Zine will displace copper ornot.
Zn|(s) | ZnSO, (sol) || CuSO, (sol) | Cu(s)

0 —a - 1(] =
E, 20 ,7,=—0.76v0lt ; E_ o, . =+034volt
30 . =E° _pt
E u.-ll—LCuz+ iow Em1+u“

=0.34 +-0.76)=+1.10 volt

Since E” =+ve , hence the cell will be feasible and zinc will displace copper from its salt solution. In the
other words zinc will reduce copper.

THERMODYNAMIC TREATMENT OF NERNSTEQUATION
Determination of equilibrium constant : We know, that

£ o g0 _ 00591

logQ (1)
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At equilibrium, the cell potential is zero because cell reactions are balanced, i.e. E=0

~. FromEq. (1), we have

0
_ o _ 0.0591 K il nE
0="F n logK, or  RgTanttio 0.0591

Heat of Reaction inside the ecll: Let n Faraday charge flows out ofa cell ofe.m.f. E, then
—AG =nFE 0]
Gibbs Helmholtz equation (from thermodynamics ) may be given as,

SAG ]

AG=5H+T[F (i)
P

From Eqs. (1) and (ii), we have

_nFE=Al 1+TF—('“—FE)] oE
aT

=Al I—nFT|:-—-]
P ot

£
M—l:—nFE+nFTI:£]
oT .

Entropy change inside the cell : We know that G=H-TS or AG=AH-TAS (1)
where AG = Free energy change ; All = Enthalpy change and AS = entropy change.
According to Gibbs Helmoholtz equation,

AG=AH + @ (ii
oT : ....{(1n)

From Eqs. (1) and (1), we have

_TAS:T[E:‘AG] AS=- 8AG
oT 1, & 6T |,
oE
o sl
or P

c¢E
where [ﬁ} is called temperature coefficient of cell e.m.f.
P

DIFFERENTTYPES OF HALF-CELLS AND THEIR REDUCTION POTENTIAL

Gas-Ion Half Cell

In such a half cell, an inert collector of electrons, platinum or graphite is in contact with gasand a
solution containing a specified ion. One of the most important gas-ion halfcell is the hydrogen-gas-
hydrogen ion half cell. Inthis half cell, punfied H, gas at a constant pressure is passed over a platmum
electrode which is in contact with an acid solution.
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H'(aq)+¢ = 12H,

g g0 00991 (p11,)
whom, o ont, 1 [wJ

Hydrogen gas Hydrgen ion Half cell

One of the most important gas-ion half-cell is the hydrogen gas-hydrogen in half-cell (also comonly
known as hydrogen electrode). In this half-cell, purified hydrogen gas at a constant pressure is passed
over a platinum electrode which is in contact with an acid solution.

Expression of Reduction Potential (Nernst Equation)

The expressionol - .., can be derived by considering the reversible reduction reaction that occurs
at the electrode. For the present case, we have

H*(aq) +e(P) = 1/2 H,(g)

0172
£ o RT  (fayey /1)

T A T (RS 3.

Equation of the above type is known as the Nernst equation.
METAL-METAL ION HALF-CELL

Metal-metal ionhalf-cell consists ofa bar of metal M in contact with a solution containing M™ ions.
Examples include zine-zine ion, copper-cupric ion, silver-silver ion and gold-auric ion half-cells.
Expression of Reduction Potential

The equilibrium reaction att he electrode is
M™(aq) + ne™ = M(s)

EO RT | 1
=E ... ——1In
| MYIM nF HM'“

EM“*|J~
METAL AMALGAM-METAL ION HALF CELL

In this electrode, metal amalgam is placed in contact with a solution containing metal ion. Electrical
contact is made by a platinum wire dipping into the amalgam pool.

Expression of Reduction Potential
The equilibrium reaction at the electrode is
M"*(aq) +ne™(Pt) = M(Hg)

RT RT 1
) - - —_——
EM“|M(Hg]{P[ = M™MPt ~ F In ap(pig) In "™
RT ]
= E} In

YLt =
M™TM{Hg )Pt nF ﬂM'”
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where EK{MJM (Hgypt 18 the standard potential of the given metal amalgam. Its value may be determined

by using a solution of known activity of M™",
METAL-INSOLUBLE SALT-ANION HALF-CELL

In this half-cell, a metal coated with its insoluble salt is in contact witha solution containing the anion of
the insoluble salt. Three such half-cell are described below.

Silver-Silver chloride chloride half-cell
This half cell is represented as CI™| AgCl| Ag. The equilibrium reaction that occurs at the electrode is
AgCl(s) +e~ = Ag(s)+Cl(aq)

Expression of Reduction Potential

" o RT
S =E" _ ——1Ina__
ClAgClAz —  CIlAgClAg  F Cl

Mercury-mercuric oxide-hydroxide lon half-cell

In this half-ccll, a pool mercury is covered with a paste of solid HgO and a solution of a base. This
equilibrium reaction that takes place at the platinum electrode is

HgO(s) + H,0(1) + 2e~= Hg(1) + 20H(aq)
Expression of Reduction Potential

. = RT
E_ _ =E" _ ——Ina
OHHgOHg ~  OH HgOMg | OH™

Mercury-mercurous chloride-chloride ion half cell

This half-cell is known as calomel half-cell, The equilibrium reaction is
Hg,Cl,(s) +2e™=2Hg(l) + 2HCl(aq)

Its Nemnst equation is

RT
E __ =E° _ ——1Ina__
CIHgsClllg — ClHgaCliHg | Cl

OXIDATION REDUCTION HALF-CELL

An oxidation reduction half-cell has an inert metal collector, usually platinum, immersed in a solution
which contains two ions of'the same elements in different states ofoxidation,

Ferric-ferrous half-cell
Fe3*(aq) + e’(P1) = Fe?*(aq)
The Nernst equation is

E =E° -
|0 " T LS | TR

Stannic-Stannous Half-cell
Another example is stannic-stannous half-cell where the reduction reaction to be considered
5
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Sn'**(aq) + 2¢~=Sn?*(aq)
and the Nernst equation is

0 RT agnh
E_ 4+ ¢ 200 SEC a4 ¢ 245 == In —
Sn™" Sn="[Pt S5n77, SneT|Pt 2F a

Sn4+

Reference half-cell
If E, is arbitrarily assigned some vlaue, then the value of Ep can be determined using the
expression
B = Eean T Ey,
In the study of electrochemical cell, the hydrogen-hydrogen ion half-cell has been adopted as the
reference half-cell and its standard potential has been assigned the viaue zero at all temperatures.
By standard potential of hydrogen-hydrogen ion half-cell, we mean that the hydrogen ion and hydrogen
gas involved in half-cell,
H*(aq) | Hy(g) | Pt
are present n their standard states ofunit activity and unit fugacity (taken as 1 bar pressure), respectively.
E +0
R

LL"
= hocl]
IMustrations

To illustrate the procedure, we cite below two typical examples of silver-silver ion and zinc-zinc ion
half-cells. Ifthe silver-silver ion half-cell is coupled with the standard hydrogen-hydrogen ion half-cell
(to be kept on lefl side), we geta cell

Pt|H,(1 bar) | H*(a=1)||Ag*(a=1) | Ag
The emfofthe cell is given by

1] a
Ela = rAg *lAg —Ey H Pt

and its valuc as determined experimentally is found to be 0,799 1 V. Hence

o

= E2,+E
Ag+|Ag cell

H+LH [Pt

= 0 =0.7991V
Taking the example of zinc-zinc ion half-cell, we have
Pt | H,(1 bar) [H (a=1) || Zn*"(a=1)|Zn
Its emf as determined experimentally is found to be —0.763 V. Hence

I;u 24 — | 4-}3

7n2*|Zn cel H¥[Ha, [Pt

= o =—0.763.

INFLUENCE OF 10NIC ACTIVITY ON REDUCTION POTENTIAL
The reduction potential for the reaction
M™ +ne™ = M
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as given by the Nernst equation is

RT 1
4]
E = EMn tM - _- In [ ]
| | nF aM"+
It follows that the reduction potential F'-:' Y depends on the activty of M™™; it increases as the activity
of M™ is decreased to one-tenth ofits original activity, then the reduction potential becomes
Eo RT ] 1
- 2 o, ———IN | ———
E, - M™M - pp 0.1a, ..
M
The resulting change in potential is given by
RT 1 RT 1
E.—E.= ——In| ——— [+—1n
2 1 nF 0.1 aM,H nF 3-Mn+
_ _Hmm:_z'mJRT
nF nF
At 298 K, we have
(0.0592 V)
F—-’ - E. = = .
2 n

Thus every ten-fold decrease in the activity of cation produces a decrease of (0.059 2/n) volt of the
reduction potential, where n 1s the valence of the cation. For univalent cations nis 1, and hence reduction
potential decreases by a factor 0f0.059 2 V. For bivalent cations n is 2, and hence reduction potential
decreases by a factor of (0.059 2/2) V, 1.e. 0.029 6 V. The magnitude of reduction potential will change
by the same factor (= 0.0592/n volt) for every ten-fold change in the activity of cation. For a hundered-
fold change m the activity; the change of potential will be 2 x 0,059 2/n volt and for a thousand-fold
change in activity, the potential will change by a factor of 3 x 0.059 2/n volt.

Relation between metal-metal ion half-cell and the corresponding metal-insoluble salt-anion half-
cell

Consider a silver electrode dipped into a solution of silver nitrate. The potential ofthe electrode as
given by the Nernst equation is

RT 1
.0 — — -
E:\g*lﬁhg = Ag'lAg  F i a_ . ()
Ag
v >0 _
wih — F, e, = 0.799V

Ifnow NaCl is added, the following equilibrium will be established :
AgCl(s) = Ag’(aq) +Cl(aq)
with its solubility product K as
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K, = @)y

Multiplying and dividing the term within parantheses in eq. (1) by @.,- , we get

E, . = . RT far
AgTlAg - “A +,\.__,|" o .
glAe F | 8 0e* 3
f
a. -
ED \ = Ii?‘ ’[,\ _E ln +
Ag'lAg glhe F | Ksp (AgCl)
-0 RT RT
or Eﬂg+|)\g = [EAS+|AQ + T In KS]'I (AgCI)J '—T In uCI'

Now the electrode can also be trealed as Ag | Agcl| CI since part of AgCl will deposit on solid Ag.
Writing the equilibrium expression for this electrode, we have

AgCl(s) +¢~ - Ag(s) +CI(aq)
The comresponding Nernst equation gives

. o RT
EjCI‘!J‘@‘SME B CliAgClIAE  F Ina.-

Above equation must be indentical and hence on comparing these two equations, we get

(4] sl 0 RT
Eof AuClag = AN = In K, (AgCl)
-0 0 2303 RT
or E - agciag = E i etiAg T F pK4,(AgCl)
where K (AgC ) = —log Ksp(AgCl)
Cell reaction and its relation with cell potential
AG = -nF(E,—E;)=—nFE_,
we consdier the various ways in which the following three half~cell reactions
9 _ . (v _—
Fe?* +2e~=Fe; EFE+2'FE =-0440V
+ . . o - —
Fe’* + 3e-=Fe; FeiFe = 0.036V
]’.‘.:3"' + o= FC2+; E;cj‘ . Fc3'|l'l =0771V

may be combined to forma cell with the following overall cell reaction.
Fe + 2F¢** = 3Fe?*.

Combination of Equations

2Fe3* + ge~ = 2Fe; :E3+|Fe =-0036V
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3Fe?* + 6¢~ = 3Fc; Bl ez, =—0440V
with the overall reaction

Fe3* + 3Fe?™ = 3Fe?*,; 20 =0.404V

cel
The cell producting this reaction would be
Fe | Fe2* || Fe’* | Fe
REFERENCE HALF CELLS
Common examples of reference half-cell
The most common type of reference half-cell has the following form :

saturated solution of sparingly + addition strongly ionized Metal
soluble salt of metal salt with a common anion| " = *

Examples include :

(1) Calomel half-cell : KCl(aq) | Hg,Cl,(s) | Hg

(2) Silver-silver chloride half-cell : KCl(aq) | AgCl(s) | Ag

(3) Mercury-mercurous sulphate half-cell : K,80,(aq) | Hg,SO,(s) | Hg
Calomel half-cell

The half-cell reaction is

1/2 Hg,Cl,(s) +e~ = Hg(l) + Cl(aq)

and the Nemst equation has the form

- RT

E(‘I']llng_‘lzlﬂg - E(‘I'Ll!g;(?lzlllg /7 F In (@g-)

} -0 LY
with ECI'IngCI:IHE =02676V

Thus, the calomel hall-cell functions as the reversible chloride electrode.
Silver-Silver chloride Hall-cell
The half~cell reaction is
AgCl(s) +e~ = Ag(s)+ Cl(aq)
Hence the halfcell potential is given by

o RT

E =E ——In{(a
CllAgClAg ~  CljAgCllAg | ( cr}

with Ec1‘|AgC||Ag =0.222V
This half-cell cannot be used in a solution which contains HNO,, I and CN~ ions.
Mercury-Mercurous sulphate half-cell
The half~cell set up in very similar to that of calomel half-cell. the cell-reaction is
Hg,S0,(s)+2¢ = 2Hg(l)+ SO, >(aq)
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Hence the half-cell potential is given by

E 5 =Eu o -
SO3 Mg S04Mg —  SOF [HeaSO4Hg  IF

; =0 _
with  Egory10.50,mg =0-0151V

This half-cell potential depends upon the activity of S03~ ions.

Mercury-mercuric oxide half-cell
The half-cell reaction is
172 HgO(s) + 1/2H,0 + ¢~ = 1/2 Hg(l) + OH(aq)
and thus the Nernst equation has the form

o RT &
EUI!'IHgUIIg - E-:Ju‘ulgum;; == Hg(a

CONCENTRATION CELL
The cells in which electrical current is produced due to transport of a substance from higher to lower
concentration. Concentration gradient may arise either in electrode material or in clectrolyte. Thus
there are two types of concentration cell .
(i) Electrode concentration cell
(ii) Electrolyte concentration cell

Electrode Gas concentration cell ;
Pt, H,(P,) | HY(C)| Hy(P,), Pt
Here, hydrogen gas is bubbled at two different partial pressures at electrode dipped in the solutionof
same electrolyte.

(JH-)

Cellprocess: 1/2H,(p}=H" (c}+e~ (Anode process)

H*(c)+e” —1/2H,(p,)
112H5(p;) —> 1/2H3(p2)

1/2
£ 2303RT Iog[ pg]

F ﬁ

2303 RT Ps 0.059, [P
E = | —/————|log| = o E=—="log|—
or [ 2F } . [Pl] AALC, 2F g[p2

For sontaneity of such cell reaction, p> p,
Electrolyte concentration cells:
Zn(s)| ZnSO, (C,) || ZnSO, (C,) | Zn(s)
In such cells, concentration gradient arise in electrolyte solutions. Cell process may be given as,
Zn(s) - Zn?t (C))+2e” (Anodic process)
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Zn**(C,)+2e — Zn(s)
Zn** (C,) = Zn**(C))

-. From Nemst equation, we have

2303RT, [C 2303RT, [C,
E=0-230RT 0 >0 g=230RT, 1 &2
2F og{c ] or 2F Og[ C, ]

(Overall process)

-

For spontanity of such cell reaction, C,>C,
CONCNETRATION CELLS WITHOUT LIQUID JUNCTION POTENTIAL

Concentration cells are made up oftwo half-cells which are similar chemcially but differ in the activity of
some comon component. The common component may be the electrode or the electrolytic solution.
Theemfofthe cell is due to the differnece of activity of the common component. We descrribe below
three categories of concentration cells without liquid junction.

Cells with Amalgam Electrodes
lr:'b'{I-I‘li"')['i:lPh i a]) | Pb2+ (apbz*) | Pb(Hg) (ai’h = az)

Electrode Reduction reaction Reduction Potential
" RT ds
Richt Pb%* +2e"=Pb(Hg) (a,) ~ TR=FE -Zpln— ()
¥ Pb=*
o RT a
Left Pb* +2¢-=Pb(Hg) (a) ~ TR=E g (i)
Pb=*
Substracting Eq. (ii) fromeq. (i), we get
Pb(Hig)(a;) = Pb(Hg)(a,)
RT p 2
and  Egq = F a,
Cells with gas clectrodes operating at differnet Pressures
Pt|H, (p,) | H™ (a;+) | Hy(p,) | Pt
We have
Electrode Reduction reaction Reduction potential
Ep =— E In (pl lpn)
Right 2H™ + 2e™ = H,(p,) R="5F a; (1)
g —_RT, (p1/p%)
Left 2H*+2e"=H,(p,) L="5F 22 ...(i)

+
H

Substracting Eq. (ii) fromeq. (1), we get
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Hy(p)) = Hy(p,)
RT  p,
and  Eg = pMy

Cells with differnet Electrolytic Activities

This type of cells can be formed by making a composite cell out of two cells differing only in the activity
of the electrolytic solution. For example, the cell

Pt|H,(p)| H'CI(a,), |AgCl|Ag

may be combined with a cell

Pt|H,(p)| H'Cl(a,), | AgCl | Ag

to give the followmg composite cell.

Pt|H,(p)| H*CI(a,), | AgCl(s) | Ag— Ag | AgCl | H'CI(a,), | H,(p) | Pt

Een E *+Eg
= (e ageriag = Bert et Br iy w0~ B agci ag R
Wniting the Nernst equation for each potential, we obtain
o _RT RT, (p/p7)"
Egq = [ CI"|AgCl{Ag  F In(acrh+ F In (a||+)l

RT (p/p)"? o RT
= In (3H+)2 C1‘|AgCl|Ag+ = In (aC]_}z

RT (@,:)28-)2 2RT I (32)2

o EBa = F g F (@)

The net cell reaction is obtained byadding the individual cell reactions. Thus, we have
Cell Cell reaction
Right AgCl+1/2H,=Ag +H'(a,) + CI(a,)...(J)
Left Ag + H(a,) +CI(a,) = AgCl+ 1/2 H, ..

Adding egs. (i) and (ii), we get

H*(a,)+CI(a,)=H"(a;) + CI(a,)

Note that the emf o the cellmay be derived directly from the cell reaction.

Ifone faraday of electricity is withdrawn from the cell, the net result that is produced is the transfer of |
mol ofeach of hydrogen and chloride ions from the right-side cell to the lefl-side cell. A cell ofthis type

is called a concentration cell wtihout transference. The operation of cell is not accompanied by the
direct transfer ofelectrolyte from one solutionto the other.
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CONCENTRATION CELL WITH LIQUID JUNCTION POTENTIAL
Development of Liquid Junction Potential

Ina celliftwo clectrolytic solutions of different concentration are in contact with cach other, apotential
difference develops across the boundary of the two solutions This potential difference is called the
liquid junction potential or the diffusion potential. It arises because ofthe diflerence in the rates of
diffusion ol positive and negative ions from more concentrated solution to less concentration solution.
The rate of diffusion of an ion is determined by its transference number. To illustrate how the liquid
Jjunction potential arises.

CELL IN WHICH ELECTRODES ARE REVERSIBLE WITH RESPECT TO CATION
A Typical Example
Consider the cell
Pt| H,(1 bar) |HCI(a,) : HCl(a,) | Hy(1 bar) | Pt
Working of the cell
(1) Electrode reactionat anode 1/2 Hy(1 bar) — H*(al}+ o
(i) Electrode reaction at cathode H'(a,) + & — 1/2H,(1 bar)
(iii) Transfer oft, mole of H from left toright t, H™(a,) — t, H*(a,)
(iv) Transfer oft_mole of CI- from right to lefl t_Cl(a,) — t_CI'(a))
The net change in the cell is obtained by adding the above four changes. Thus, we have
172 Hy(1 bar) + H'(a,) + t,H*(a;) + 1 .CI"(a,) - H*(a,) + 1/2H,(1 bar) + t,H"(a,) +1_Cl(a,)
Cancelling the comon term, we get
H'(a,) +t,H'(a,) + 1 Cl(a,} > H(a )+ t, H'(a,) +1_ClI(a,)
which on rearranging gives
H*(a,)-t,H*(a,) +1_Cl(a,) - H*(a))-t,H"(a)) +t_Cl(a,)
or (1-t,)H"(a,)+t Cl(a,) = (1 ~t,)H(a,) + 1 Cl(a,)
or t_ H'(a,) +1_Cl"(a,) - t.H'(a,)+ t Cl(a,)
Thus, the net cellreaction is to transfer t_mole of HCI from the solution of activity a, to that of activity
a,.
Free-energy of cell Reaction
The total free energy change of'the net cell reaction is

t_RT ln{ By Erdr }

(@2)y+ @2)q-

]

2I_RT ]_n (a:tl.]HC]
(a42)picy

_o BT, 4y

cell(wlj) F (ap)ya

E
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Cell without liquid Junction Potential
Electrode reactionatanode  1/2 Hy(1 bar) - H¥(a|) +e”
Electrode reactionat cathode H'(a,) +e~ — 1/2H,(1 bar)
The net cell reaction is
H'(a,) —» H'(a))
and the cell potential is

RT, (@), RT  (@s)uci

cell(wolj) F (ﬂz)“+ F (842 e

where a,;+ has been replaced by the mean ionic activity a,.
Expression of liquid junction potential

EIj = Eccll[wlj] iy Eccll(wnlj]
_ ot RT In (a1 i

LRT, (@i
Fo@uua TF (@)

- (1 _gt_}Em @s)uct
F o (ap)ye

Since t, +t_=1, equation above may be written as

RT 1t (B11)nc

E; . (e “t-)T ] (2421

Comparing Eqs we get

E ciiwtj) = 21_E o woliy

Ifthe cell without liquid junction isto function s pontaneously, we must have
(Ao R (A Duci

Comment on liquid junction potential
Inacell with (a,,),,¢ > (a,, )y We will have
E,; positive ift_>t,
Ey negative ift <t,
and  Ejzero ift_=t,
From equation above, we get
Ecclltwljj >E ift_> L
and Ecc]l:wljj - Ecel]{tt‘ﬂ]j] iftw =L
CELL IN WHICH ELECTRODES ARE REVERSIBLE WITH RESPECT TO ANIONS

A typical Example

cell{wolj)

cell{wolj)

Consider the cell
Ag |AgCI[HCl(a,) : HCl(a,) |[AgCl|Ag
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Working of the cell

(i) Electrode reaction at anode Ag(s) +Cl(a;) = AgCl(s) + e~
(it) Electrode reactionat cathode AgCl(s) + e~ — Ag(s)+Cl(a,)
(iii) Migration ofH" ions t,H%a)) = 1, H"(a,)
(iv) Migration of Cl” ions t Cl(a,) = t Cl(a,)

The net effeet is obtained by adding the above
Cl(a,) +t.H*(a,) +1_Cl"(a,) » Cl(a,) +t,H'(a,) +1_Cl(a))
or t,H(a;)+Cl(a,) -1 Cl(a;) = 1+II*(a2)+CI‘(nl)—t_Cl‘{a3)
t,H*(a,)+t.Cl(a,) = t,11*(a,) +t,Cl(a,)
Thus, the net cellreaction is to transfer t, mole of HCI from the solution of activity a; to that of activity
a,.
The free energy change ofthe net cell reaction is

a - as =
ACTRE t, RT]nM=El+RTInm—iz—m
(@2)+ @) - (@.)nc
AG RT (ﬂn)uc]
L o) o piiadua
Hence El.'cﬂf“‘l}] - F 1 F (E:I:I)”C'l

Cell without liquid junction potential
Cl(a;) — CI(a,)

RT, (@2)-  RT, (a.,)
: _——p —C _ _ 2 |p 222270
The cell potential would be E F ( a']cr F." @

celliwolj) —

where .- has been replaced by the mean jonic activity a+.

Expression of liquid Junction potential

Nowsince  E, = Ecenwip — Eceniowoly We g8t
£ = at, RT . @uua  RT, - (ap)uc
§ F @y F @oua
RT a.
- " _ 1-2t,) "0y (a42)uc
b Fo(au)nc
RT ., (a.
or E _ (l_—l‘.J—Inﬂ
! F o (ay)uc
El.‘cl}(wlj} = 2"+ Ecel]{wolj]
Ifthe cell without liquid junction is to function spontaneously, we must have
(@c)nc 2 (@l

2637, Hudson Lane, Behind Khalsa College, Near GT.B. Nagar Metro Station Gate No. 3 & 4, New Delhi - 110009
Mob. 09555785548, 08860929430, e-mail: nfofasfinstitute com, www.asfinstitute.com

31

Scanned by CamScanner



Asnoka Sciennivic Forum

ELECTROCHEMISTRY

Comment on liquid junction potential

In general, the sign and magnitude of'the liquid function potential depends on the transference numbers
ofinvolved cations and anions. In a cell with (a, ), > (2,5)¢p. We have

E positive ift,> t

Ej negativeift, < t
and Egzero ift= t
From above equation we get

Ecenrwiy ™ Ecetigworjy Tte =L

Ecenwt) < Ecetigwoty Mt <L
ond Emmwﬁl . Er:cllt wolj) ift, =t

Generalization of Results

2 RT In (842)nc1

E = ¥R

celkwh) (@41
£ _ +RT, @y
cell{wolj) F (ail )HCI
Eu‘l]twlj} ~ 2"; Eccll{wnlj]
RT A
E. =y R Badua
b F o @u)ue

(t= l+)I_{:r_ In (8)ucl

F - (ay)par
POTENTIOMETRIC TITRATIONS

Principle Underlying Potentiometric Titrations

The equivalence point of titrations can be determined accurately without making use of any visual

indicators.
Location of Equivalence Point

E—

AEAV——

A

[

volume of titrant — valume of titrant =——>

A typical potentiometric titration curve A typical first derivative graph
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Applicability of Potentiometric Titrations

Potentiometric titrations constitute the most versatile method ofelectrochemical analysis and practically
cvery analytical determination ofboth inorganic and organic system carried out with classical method
could be performed potentiometrically.

For example, the titration between weak acid and weak base, titrations in colourd solution, titrations in
non aqueous media (where indicators cannot be used), and differential determinations oftwo or more
than two substances with different solubility products or with different redox potentials can be carried
out by using the potentiometric method.

5 i

< V. V— <«

] = -

2 <

- |

2 2

- Y !
%
\ ifv

\-f' c

V—

A typical second derivative graph A typical graph between (AV/AVY
and Y (Gran’s method)
CONSTRUCTION OF POTENTIOMETIC TITRATION CURVES
Acid-Base Titrations

Inacid-base titrations,t he hydrogen-ion concentration varies during the course of titrations. Theindicator
electrode employed intitration 18 either the quinhydrone electorde or the glass electrode. The potentials
of'the electrode is given as follows :

Quinhydrone Electrode
o 2303 RT
EQ'Q"LH+ Pt EQ,QFI;._, Ht P F pH
Glass Electrode
2303 RT
Egluss = E:Iun ==—=———li

F
Saturated calomel electrode is almost universally employed as the reference electrode. Thus, the assmbly
used in potentiometric acid-base titration is
Reference electrode || Indicator electrode
i.e. Pt|Hg|Hg,Cl, |CI-||H*, Q, QH, | Pt
or P't|Hg|Hg,Cl, | CI7|| H™ | Glass electrode
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TITRATION OF HCI VERSUS NaOIl
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REDOX TITRATIONS

In redox titration, the addition oftitrant changes the concentration of reduced and oxidized forms of
reactnat; the concentration of one ofthese increases while that of the other decreases. This results into
the change in the potential of the electrode which can be determined experimentally or theoretically,
The platinum electrode, which is usually employed as the indicator electrode, is dipped into the solition
of reactant. The potential of the electrode relative to a refernece electrode is measured at differnet
stages of titration and then graphs between E, versus V, AE/AV versus V, ete., are plotted to determine
the equivalence point.

PRECIPITATION TITRATIONS
In precipitation titrations, the concentration ofreactant decreases as aresult of formation ofa precipitate
with the titrant. [fan electrode reversible with the reactant is dipped into the solution, its potential will
vary during the course oftitration. Hence precipitation titration can be carried out potentiometrically.
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