SECTION|

: ELECTROLYTES AND ELECTROLYSIS

12.1° INTRODUCTION

Electrochemistry « dca]s wnh the interactions of electrical energy

* with chemical species. It is broadly divided into two categories,
namely (i} production of chemical change by electrical energy
(phenomenon of electrolysis) and (ii) conversion of chemical
energy into electrical energy, i.e., generation of electricity by
spontaneous redox reactions, In this chapter both of these aspects
will be described. All electrochemical reactions involve transfer
of electrons and are, therefore, oxidation-reduction (redox)
reactions.

Substances which - allow the passage of electric current
through them are called electrical conductors or simply
conductors: Those which do not allow the flow of electric current
through them are termed insnlators. Elecirical conductors are of
two types: A
(i) Meuallic or Electromc mnductuﬁ' Conductors which

transfer electric current by transfer of electrons, without transfer
of any matter, arc known as metallic or electronic conductors.
- Metals such as copper, silver, aluminium, etc., non-metals like
carbon (graphite—an allotropic form of carbon) and various
alloys belong to this class. These materials conlain electrons
“which are relatively free to move. The passage of current through
these materials has no observable eff'ecl other than a rise in their
temperature.
(i) Electrolytic conductors: Conductors like aqueuus
solutions of acids, bases and salts in which the flow of electric
current is accompanied by chemical decomposition are known as

electrolytic conductors. The ‘substances. whose aqueous -

solutions allow the passage of electric current and-are chermca.lly
decomposed, are tcrmed electrolytes. -

. The substances whose aqueous solutions do not conduct

elcctnc current are called non-electrolytes. Solutions of cane
sugar, glycerine, alcohol, etc., are examples of non-electrolytes.
In order to pa.ss the current through- an c]ectralync conductor

(aqueous solution or fused electrolyte), two rods or plates
(metallic conductors) are always needed which are connected

‘with the terminals of a battery. These rods or platesare knowinas

electrodes. The electrode through which the current enters the
electrolytic solution is called the anode (positive electrode) while
the electrode through which the current leaves the electrolytic
solution is known as cathode (negative electrode). The
electrolytic solution conducts electricity not by virtue of flow of
electrons as in metallic conductors but as a result of movement of
charged particles called jons towards the respective oppositely
charged electrodes, The ions which carry positive charge and
move towards cathode are termed cations while ions carrying
negative charge which move towards anode are called anions.
When these ions reach the boundary between a metallic and an
electrolytic conductor, clectrons are being either attached to or
removed from the ions. Removal of electrons is termed oxldation
(de-electronation) which occurs at anode while addition of
electrons is called reduction (electronation) that takes place at
cathode. Hence, flow of electrons through the outer circuit from
anode to cathode across the boundary is accompanied: by
oxidation and reduction.

Distinction between metallic and electrolytic co.ndnction

Metallic conduction Electrolytic enlducﬁun.

1. Electric current flows by

movement of electrons.
. No chemical change occurs.

. It does not involve the transfer
of any matter.

. Ohm's law is followed.
. Resistance increases with

increase of temperature.

6. Faraday's law is not followed.

Electric current flows by
movement of ions.

[ons are .xidised or reduced at
the .i=ctrodes. .
It involves transfer o_f matter in
the form of ions.

Ohm’s law is followed.
Resistance decreases with
increase of temperature.

Faraday’s law is followed.
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SECTION lll : ELECTROCHEMICAL CELL

12,170. ELECTROCHEMICAL CELL

Electrochemical cell is a system or arrangement in which two
electrodes are fitted in the same electrolyte or in two different
electrolytes which are joined by a salt bridge. Electrochemical
cells are of two types: '

(a) Electrolytic cell

(b) Galvanic or voltaic cell

(a) Electrolytic Cell

It is a device in which electrolysis (chemical reaction
involving oxidation and reduction) is camried out by using
electricity or in which conversion of electrical energy into
chemical energy is done.

(b) Galvanic or Voltaic Cell

Copper (II)
sulphate
solution
(CuSO,)

o e e e e

It is a device in which a redox reaction is used to convert

—— > Cation movemenl

chemical energy into electrical energy, ie., electricity can be
obtained with the help of oxidation and reduction reaction. The
chemical reaction responsible far production of electricity takes
place in two separate compartments. Each compartment consists
of a suitable electrolyte solution and a metallic conductor. The
metallic .conductor- acts - as- an-electrode. - The -compartments
containing the electrode and the solution of the electrolyte are
called half-cells. When the two compartments are connected by
a salt bridge and electrodes are joined by a wire through
galvanometer the l:lectrlr.::ty bcg'ms to ﬂow This is the simple
form of voltaic cell.

1211 DANIELL CELL

It is designed to make use of the spontaneous redox reaction
between zinc and cupric ions to produce an electric current
(Fig. 12.7). Tt consists af two half-cells. The half-cell on the left
contains a zinc metal electrode dipped in ZnSO, solution. The
half-cell .on the right consists of copper metal electrode in a
solution of CuSO,. The half-cells are Jjoined by a salt bridge that
prevents the mechanical mixing of the solution,
When the zinc and copper electrodes are joined by a wire, the
following observations are made:
(1) There is.a flow of electric current thmug,h the external
circuit.
(i) The zinc rod loses 1ts mass Whllﬁ.‘ the copper rod gams in
mass.
(il)) The concentration onnSO,, sdlution increases while the
concentration of copper sulphate solution decreases,
(iv) The solutions in both the compartments remain
electrically neutral. -

During the passage of electrié,cm‘renl through external cireuit,

electrons flow from the zinc electrode to the copper electrode. At

the zinc electrode, the zinc metal is oxidised to zinc ions which
go into the solutjon, The electrons released at the electrode travel
through the external circuit to the copper electrode where they are

Fig. 2.7 Daniell cell

used in the reduction of Cu®* ions to metallic copper which is
deposited on the electrode. Thus, the overall redox reaction is:

Zn(s) + Cu™ (ag.) — Cu(s) + Zn > (ag)

Thus, indirect redox reaction leads to the production of
electrical energy. At the zinc rod, oxidation occurs. It is the anode
of the cell and is negatively charged while at copper electrode,
reduction takes place; it is the cathode of the cell and is positively
charged. .

Thus, the above points can be summcd up as:

(i) Voltaic or Galvanic cell consists of twa half-cells. The

reactions occurring in half-cells -are called half-cell -

reactions. The half-cell in which oxidation occurs is -
called oxidation half-cell and the reaction taking place’
in it is called oxidation half-cell reaction. Similarly, the
half-cell in which reduction occurs is called reduction
half-cell and the reaction taking placc in 1t is called
reduction half-cell reaction.

(i) The electrode where oxidation occurs is called anode and

" . the electrode where reduction occurs is termed cathode.
. (iif) Electrons flow from anode to cathode in the external
circuit.

(iv) Overall ion movement -during the operation of the

galvanic cell shows that negative ions (amons) move
away from cathode where they are present in excess,
towards anode, where they are needed to balance the
charge of the positive ions (cations) formed. Similarly,
cations move away from the arude where they are in
excess, towards the cathode, whe.rc they balance the
anions left in excess.
Example : An Au(NO;), solution containing a gold
electrode is connected by means of salt bridge to a PbCl,
solution containing lead electrode. The cell can be
correctly represented as,

Scanned by CamScanner



ELECTROCHEMISTRY

e
(Electrons flow)

) s

%,

Salt bridge

praccl

gy

a2 Ly

W

-
&

5]
.oy

T
i

—

——— 35 Cation flow
Anion flow €<—o-—

Fig. 12.8

Difference in élutrolytiq cell and galvanie cell

Electrolytic cell

1. Electrical enmergy is| Chemical energy is converted into
converted into chemical | electrical energy.
Encrgy.
2, Anode is positive clec-| Anode is negative electrode.
trode. Cathode is negative | Cathode is positive electrode.

Galvanic cell

clectrode. ) _

3. lons are dischargéd on| lons are discharged only on the
both the electrodes. cathode,

4. If the electrodes are inert, | Concentration of the anodic
concentration of  the | half-ccll increases while that of

electrolyte decreases | cathodic half-cell decreases when
when the electric current | the two electrodes are joined by a
is circulated. wire.

5. Boththeelectrodescanbe | The clectrodes are fitted in

(v) Chemical energy is converied into electrical energy. -
(vi) The netreaction is the sum of two half-cell reactions. The

reactions in Daniell cell can be represented as:
Oxidation half reaction, Zn() — Zn** (ag.) + 2~

Reduction haif reaction,Cu *¥(ag.) + 2~ —— Cu(¥)

Net reaction Zn(s) + Cu** (ag.) — Zn** (aq.) + Cu(s)

Electrode Signs
The signs of the anode and cathode in the vultau: or galvamc
cells are oppusite to those in the electrolytic cells (Fig. 12.9).

ELECTROLYTIC CELL VOLTAIC OR GALVANIC CELL
(eml is applied to cell) (eml is generated by cell)

a-
~ -
e Partition—C
Anode Cathode
Fig.12.9
Electmlyﬁc e:l'l ‘ Voltaic or Gah‘anlc cﬂl

; .:- Anndg Cathode I Anodr.. Cl!hode

Sign + - | = . = B
Electron ﬂowl out : in | out in
Half reaction; oxidation _ reduction | oxidation  reduction

compariment.

1212 SALT BRIDGE AND ITS SIGNIFICANCE -

Salt bridge is usually an inverted U-tube filled with concentrated
solution of inert electrolytes. An inert electrolyte is one whose

ions are neither .involved .in-any-electrochemical .change nor-de——

they react chemically with the electrolytes in the two half-cells.
Generally salts like KCI, KNO; ,NH,NO,, etc., are used. For the
preparation of salt bridge, gelatin or agar-agar is dissolved in a
hot concentrated aqueous solution of an inert electrolyte and the
solution thus formed is filled in the U-tube, On coaling the
solution sets in the form of a gel in the U-tube. The ends of the
U-tube are plugged with cotton wool as to minimise diffusion
effects. This is used as a salt bridge.

Significance of salt bridge: Thé following are the functions
of the salt bridge:

(i) It connects the solutions of two half-cells and completes
the cell circuit.

(ii) Tt prevents transference or -:hfl‘usmn of the solutions from---
one half-cell to the other.

(iii) It keeps the solutions in two half-cells electrically
neutral. In anodic half-cell, positive ions pass into the solution
and there shall be accumulation of exira positive charge in the
solution around the anode which will prevent the flow of
clectrons from anode. This does not happen because negative
ions arc provided by salt bridge. Similarly, in cathodic half-cell,
negative ions will accumulate around cathode due to deposition
of positive ions by reduction. To neutralise these negative ions,
sufficient number of positive ions are provided by salt bridge.
Thus, salt bridge maintains electrical neutrality.

(iv) It prevents liquid-liquid junction-potential, i.e., the
potential difference which arises between two solutions when in
contact with each other.

A broken vertical line or two parallel vertical lines in a cell
reaction indicates the salt bridge.

Zn|Zn*" ||Cu®" | Cu

Salt bridge can be replaced by a porous partition which allows
the migration of jons without allowing the solutions to intermix.
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12.13. REPRESENTATION OF AN ELECTRO-
CHEMICAL CELL (Galvanic Cell)

The following universally accepted convenlions are followed in
represcnting an electrochemical cell:

(i) The anode (negative elecirode) is written on the left hand
side and cathode (positive electrode) on the right hand side.

(ii) 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. Both are separated by a vertical line or a .
semicolon. For example,

Zn|Zn* or Zn;Zn2*

The molar concentration or activity of the solution is written
in brackets after the formula of the ion. For example,

L el ' r
Zn IZn__(.LEﬂ,n[_ZI:LLZJJ_{ﬂ.L&ﬂ—;:"" gﬂ A==
—~——fmj—'ﬂrc—wﬂmdruf—thrccll-rs—rcpmmw-brwnnmhe

M(s)— M"™ (ag.)+ne”

==(S)

.-_-.?_P_.

s P E=]
=3

ofF=

" Flg. 12.10 (a)

M™ (ag.)+ne” — M (s)

=+ —=—— pL

cation of the electrolyte first and then metal. Both are separated
by a vertical line or semicolon, For example,

Cu® [Cu or Cu®*;Cu or Cu* (1M)|Cu
(iv) The salt bridge which separates the two hall-cells is
indicated by+wo-parallel-vertical-lines: - —------ —— — ——

(v) Sometimes negative and positive signs are also put on the
electrodes.

The Danicll cell can be represented as:
— +
Zn | ZnSO, (aq. || CuSO,(aq.)| Cu

Anode Salt bridge Cathode
Oxidation half-cell Reduction half-cell
or Zn|Zn™ ||Cu® |Cu
or In|Zn** (M) || P M)|Cu  *

12,14 ELECTRODE POTENTIAL

When a metal is placed ina sn]ulmn of its ions, the metal acquires
either a positive or negative charge with respect to the solution.
On account of this, a definite potential difference is developcd ;
between the metal and the solution. This potential difference is
called electrade potential. For examp!c, when a plate of zinc is
placed in a solution having Zn?* jons, it becomes negatively
charged with respect to solution and thus a potential difference is
set-up between zinc plate and the solution. This potential -
difference is termed the electrode potential af zinc. Similarly,
when copper is placed in a solution having Cu?* jons, it becomes
positively charged with respect to solution. A potential difference
is set-up between the copper plate and the solution. The potential
difference thus developed is termed as electrode potential of
copper. The potential difference is established due to the
formation of electrical double layer at the interface of metal and
the solution. The development of negative charge (as on zinc
plate) or positive charge (as on copper plate) can be explained in
the following manner. When a metal rod is dipped in its salt-
solutian, two changes occur:

o= =
é@

® =S o=

[ ——

———— . ———

"o

Fig. 12.10 (b)

(a) Oxidation : Metal ions pass from thc electrode into

solution leaving an cxcess of electrons
and thus a negative charge on the electrode.
‘Metal ions in solution gain electrons from
the electrode leaving a positive charge on the
electrode.

(i) The conversion of metal atoms into metal ions by the
attractive force of polar water molecules.

_ M—M" +ne _

The metal ions go into the solution and the electrons remain on

the metal making it negatively charged. The tendency of the

metal to change into ions is known as electrolytic solution
pressure,

(b) Reduction :

(ii) Metal ions start depositing on the metal surface leading
to a positive charge on the metal.

M™ +ne” —M
This tendency of the ions is termed osmotic pressure.

In the beginning, both these changes occur with different

$peeds but soon an equilibrium is established.
M—M" +ne

In practice, one effect is greater than the other, if first effect is
greater than the second, the metal acquires a negative charge with
respect fo solution and if the second is greater than the first, it
acquires positive charge with respect to solution, thus in both the
cases a potential difference is set-up, :

The magnitude of the electrode potential of a metal is a
measure of is relative tendency to lose or gain clectrons, i. e, it is
a measure of the relative tendency to undergo oxidation (loss of

electrons) or reduction (gain of electrons). The magnitude of
potential depends on the following factors:
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(1) Nature of the clectrode, :
(ii) Concentration of the ions in solution,

(iii) Temperature. _

Depending on the nature of the metal electrode to lose or gain
electrons, the electrode potential may be of two types:

(i) Oxidation potential: When electrode is negatively
charged with respect to solution, i.e., it acts as anode. Oxidation
occurs.

M—M"™ +ne”

(ii) Reduction poteniial: When electrode is positively
charged with respect to solution, Le., it acts as cathode.
Reduction occurs.

M™ +ne” — M

It is not possible to measure the absolute value of the single
electrade potential directly. Only the difference in potential
between two electrodes can be measured experimentally. It is,

sealed in a glass tube as to make contact with the outer circuit
through mercury. The platinum strip and glass tube is surrounded
by an outer glass tube which has an inlet for hydrogen gas at the
top and a number of holes at the base for the escape of excess of
hydrogen gas. The platinum strip is placed in an acid solution
which has H” ion concentration 1 M. Pure hydrogen gas is
circulated at one atmospheric pressure. A parl of the gas is
adsorbed and the rest escapes through holes. This gives an
equilibrium between the adsorbed hydrogen and hydrogen ions
in the solution. ?
H, —2H" + 22~

The temperature of the cell is maintained at 25°C. By
international agreement the standard hydrogen electrode is
arbitrarily assigned a potential of exactly + 0.000. .. volt

therefore, necessary to couple the electrode with another

a
-

electrode whose potential is known. This electrode is termed as
reference electrode. The emf of the resulting cell is measured
experimentally. The emf of the cell is equal to the sum of
potentials on the two electrodes.

Emf of the cell = Eppose + Eamoe

-— -~ = Oxidation potential of anode
+ Reduction potential of cathode

Knowing the value of reference clectrode, the value of other

clectrode can be determined. -

12:15 STANDARD ELECTRODE POTENTIAL

In order to compare the ¢lectrode potentials of various electrodes,
it is necessary to specify the concentration of the ions present in
solution in which the electrode is dipped and the temperature of
the half-cell. The potential difference developed between metal
electrode and the solution of its ions of unit melarity (1 M) at
25 C(298 K) is called standard electrode potential.
According to the TUPAC convention, the reduction potential
alone can be called as the electrode potential (E ° ), i.e., the given
value of electrode potential can be regarded as reduction
potential unless it is specifically mentioned that it is oxidation
potential. Standard reduction potential of an electrode means that
reduction reaction is taking place at the electrode. If the reaction
is reversed and written as oxidation reaction, the numerical value
of electrode potential will remain same but the sign of standard
" potential will have to be reversed. Thus,
Standard reduction potential = — Standard oxidation
potential
or Standard oxidation potential = — Standard reduction
' potential

1216 REFERENCE ELECTRODE
(Standard Hydrogen Electrode,
SHE or NHE) -

Hydrogen electrode is the primary standard electrode. It consists
of a small platinum strip coated with platinum black as to adsorb
hydrogen gas. A platinum wire is welded to the platinum strip and

iy

—Ptblack—

795

- — ——H3O+(aq}<f
° (1 M) N: electrode

i

Fig. 1211 Hydrogen electrode

The hydrogen electrode thus obtained forms one of two
half-cells of a veltaic cell. When this half-cell is connected with
any other halfcell, a voltaic cell is constituted. The hydrogen
electrode can act as cathode or anode with respect to other
electrode, '

SHE half reaction Electrode potential
Hy, —2H* + 2¢ 0.0V {Anode)
2H* +2¢ —H, 0.0 V (Cathode)

12,17, MEASUREMENT OF ELECTRODE
POTENTIAL

The measurement of electrode potential of a given electrode is
made by constituting a voltaic cell, ie., by connecting it with a
standard hydrogen electrode (SHE) through a salt bridge. 1 M
solution is used in hydrogen half-cell and the temperature is
maintained at 25° C. The emf of the cell is measured either by a
calibrated potentiometer or by a high resistance voltmeter, i.e.,a
valve voltmeter. The reading of the voltmeter gives the clectrode
potential of the electrode in question with respect to the hydrogen
electrode. The standard electrode potential of a metal may be.
determined as it is the potential difference in volt developed ina
cell consisting of two electrodes: the pure metal is in contact with
a molar solution of one of its ions and the standard hydrogen
electrode.
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Valve voltmeter S _ Zn — Zn** + 2e, ;
Electron flow if metal M o , e . . " I
mmmmm fj\ +--——--_has a negative electrode E s noce 18 the standard oxidation potential of zinc. This potential is
I ) "i potential given the positive sign.
| Eioctron fiow I metal M Eq (Zn/Zn™) =+0.76 volt
l has popzili::ﬂ:]mmda So, standard reduction potential of Zn, i.e., £°(Zn 3 | Zn)
S F° P
\_’*—'H'ydrogen ==E,  ==(+0.76) @ectmﬂ ﬂﬂlv
=-0,76 volt
The emf of such a cell
Molar H* gives the positive value of \ ’
standard oxidation potential Anode Cathode
of metal M. The standard
reduction potential (E° ) is
obtained by reversing the MM™ Hydrogen
_____ sign_of . standa:d_uudanm ol
(i) Detcrmmatmn of standard electrode potential of pol{mtla] : H*H
Zn/Zn** electrode: A zinc rod is dipped in 1 M zinc sulphate Fig. 12.14

solution. This half-cell is combined with a standard hydrogen
electrode through a salt bridge. Both the electrodes are connected
with a voltmeter as shown in Fig. 12.13. The deflection of the
voltmeter indicates that current is flowing from hydrogen

clectrode to metal-electrode-or the-electrons-are-moving fromzine -

rod to hydrogen electrode. The zinc electrode acts as an anode
and the hydrogen electrode as cathode and the cell can be
represented as

2n|2n‘*(aq)”m (ag.)| Hy(8)

Anode(-) Cathode (+)
Zn —Zn®* +2¢7 2HY +2¢” —}HzT ’
{Onxidation) (Reduction)

vﬂ“mler 1
1{[  Cathode
Salt bridge .,
(at 1 atm)
=] Y %
—m =
= =)
A A
1M ZnS04 1M HCI

Fig. 12.13 Zn-H, electrochemical cell
The emf of the cell is 0.76 volt
" Ecar = Exnote + ECuose
0.76= Eqpoge + 0 Of Eppoge =+0.76V
As the reaction on the anode is oxidation, f.e.,

(ii) Determination of standard electrode potential of
Cu?* / Cu, electrodé: A copper red is dipped in 1 M solution
of CuS0,. It is combined with hydrogen electrode through a salt
bridge. Both the electrodes are joined through a voltmeter, The
deflection of the Volitictér indicates thal current is flowing from
copper electrode towards hydrogen electrode, i.e., the electrons
are moving from hydrogen electrode to copper electrode. The
hydrogen electrode acts as an anode and the copper electrode as a--
cathode. The cell can be represented as

H,(g)|2H *(aq.)|| Cu®* (aq.)| Cu
Anode (-) Cathode (+)
Hy, —2H" +2¢”
Oxidation
The emf of the cell is 0.34 volt,
a a =]
Ecer = Ennode + Ecunode
0.34 = 0+ Egypode

Since, the reaction on the cathode is reduction, fe., -

Cu?* 4+ 2¢” —— Cu, E&ypoue 15 the standard reduction potential

of copper. This is given the + ve sign.
E®,i.e.,standard reduction potential of Cu?* /Cu = 0.34 volt -

So, Eu:. (standard oxidation potential of copper) = — 0.34 volt

The emf of such a cell gives positive value of reduction
potential of metal electrode. The standard oxidation potential of
this electrode is obtained by r:vcrsmg the sign of standard
reductmn potential,

:Cu?* +2¢- — Cu .
Reduction

e
E\edl’@ﬂ ﬂol"

™\

Cathode _

/|

Anode

Hy— 2H*+28 M™+ne =M
Fig. 12.15

Scanned by CamScanner



ELECTROCHEMISTRY 7487

It is thus concluded that at the metal electrode which acts as
anode with respect to hydrogen electrode (cathode), the reduction
potential is given the minus sign and at the metal electrode which
acts as cathode with respect to hydrogen electrode (anode), the
reduction potential is given the positive sign.

The standard electrode potentials (oxidation or reduction) of
various elements can be measured by combining the electrode in

question with a standard hydrogen electrode and measuring the
emf of the cell constituted.

12.18' EMF OF A 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 potentials of these half-cells are always different. On account

of this difference in clectrode potentials, the electric current
moves from the electrode at higher pofenti ¢ electrode a

" lower putential; T e fromcathode to anode The directionr bf e

T Emf = Potential difference

1. It is the potential difference |[It is the difference of the
between two electrodes when no | electrode potentials of the two
current is flowing in the circuit. | electrodes when the cell is under

e * | operation.

2. Tt is the maximum voltage that It is always less than the

. the cell can deliver. maximum value of voltage

which the cell can deliver,

3. 1t is responsible for the steady | It is not responsible for the
flow of current in the cell. stecady flow of current in the

cell.

1219 REVERSIBLE AND IRREVERSIBLE

CELLS
Daniell cell has the emf value 1.09 volt. If an opposing emf
equa vollis applied 1o he cell, the cell Teaction,

flow of electrons is from anode to cathode,

Flow of elecirons

Anode ———— Cathode

Flow of current

“ The difference in potentials of the twp half-ceils is known as

the electromotive force (emf) of the cell or cell potential.
The emf of the cell or cell patential can be calculated from the

values of electrode potentials of the two halfcells constituting

the cell. The following three methods are in use:

(i) When oxidation potential of anode and reduction potential
of cathode are taken into account:

E_.; = Oxidation potential of anode
+ Reduction potential of cathode
=E;, (anode) + Eo, (cathode)

(i) When reduction potentials of both electrodes are taken
into account;

E.; = Standard Reduction potential of cathode
— Standard Reduction potential of anode

= E;.u:ud: - E.:nndc
= Eggn = Elen

(ili) When oxidation potentials of both electrodeés are taken
into account: .

E_,, = Oxidation potential of anode
— Oxidation potential of cathode
=E._ (anode) - E,_(cathode)

Difference between emf and potential difference: The
potential difference is the difference between the clectrode
potentials of the two electrodes of the cell under any condition
while emf is the potential generated by a cell when there is zero
electron flow, ie., it draws no current. The pomts of difference
are given ahead

Zn+CuF —SCu+7Zn™

stops but if it is increased infinitesimally beyond 1.09 volt, the
cell reaction is reversed.

Cu+Zn® —3Zn+Cu?*
Such acell is fermed a reversible cell. Thus, thie following argthe —
two main conditions of reversibility:

(i) The chemical reaction of the cell stops when an exac'tiy
equal opposing emf is applied.

(ii) The chemical reaction of the cell is reversed and the
current flows in opposite direction when the opposing emf is
slightly greater than that of the cell.

Any other cell which does not obey the above two conditions
is termed as irreversible. A c¢ll consisting of zinc and copper

electrodes dipped into the solution of sulphuric acid is
irreversible. Similarly, the cell

Zn | H,50,(aq.)| Ag

is also irreversible because when the external emf is greater than
the emf of the cell, the cell reaction,

Zn+2H* —Zn® +H,
is not reversed but the cell reaction becomes
2Ag+2H" —2Ag* +H,

e

1220 SOME OTHER REFERENCE’
ELECTRODES

Sincé, a standard hydrogen electrode is difficult to prepare and
maintain, it is usually replaced by other reference electrodes,
which are known as secondary reference electrodes. These are
convenient to handle and are prepared easily. Two important
secondary reference electrodes are described here.

(i) Calomel electrode: [t consists of mercury at the bottom
over which a paste of mercury-mercurous chloride is placed. A
solution of potassium chlaride is then placed aver the paste. A
platinum wire sealed in a glass tube helps in making the electrical
contact. The electrode is connected with the help of the side tube
on the left through a salt bridge with the other electrode to make a
complete cell.
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Pt wire

ol
i

brdge|| 1

—— Saturated
KCl solution

Hg,Cl, and
Hg paste
~ T~ Mercury
Fig. 12.16 Calomel electrode
The potential of the calomel electrode depends upon the

where, n is the number of electrons involved, F is the value of
Faraday and E° is the cell emf. AG can be negau\re if E° is
positive.

When E° is positive, the cell reaction is spontanéous and

serves as a source of electrical energy. P

To predict whether a particular redox reaction will occur or
not, write down the redox reaction into two half reactions, one
involving oxidation reaction and the other involving reduction
reaction. Write the oxidation potential value for oxidation
reaction and reduction potential value for Teduction reaction. Add
these two values, if the algebraic summation gives a positive
value, the reaction will occur, otherwise not.

[Note : The true conditions for operating voltaic cells are :

AG<0, E>0]

conceniralion ol the potassium chloride solution. If potassium

1333 _ELECTRODE AND-CELL POTENTIALS—

——chloride solution s vaturared, Ui clectrode is known as saturaied
calomel electrode (SCE) and if the potassium chloride solution is
1 N, the electrode is known as normal calomel electrode (NCE)
while for 0.1 N potassium chloride solution, the electrode is
referfed 1o as decinormal calomel electrode (DNCE): The

~ electrode reaction when the electrode acts as cathodejsi.. ... .. .

—IHgICIZ +e" ¥=—Hg+Cl"

The reducuon potentials of the calomel elccb’udes on
hydrogen scale at 298 K are as follows:

Saturated KCI © 02415V
1.0 NKCI - _ 02800 V
0.1 NKCl ; 03338V

The electrode potential of any other electrode on hydrogen -

scale can be measured when it is combined with calomel
electrode. The emf of such a cell is measured, From the value of
electrode potential of calomel electrode, the electrode potential of
the other electrode can be evaluated. .

(ii) Silver-silver chloride electrode: This is another widely
used reference electrode. It is reversible and stable and can be
combined with cells cuntammg chlorides without inserting liquid
junctions.

Silver chloride is dl.'pOSltcd electrolytically on a sniver or
platinum wire and it is then immersed in a solution containing
chloride ions. Its standard electrode potential with respect to the
standard hydrogen electrode is 0.2224 V at 298 K. The electrode
is represented as:

Ag| AgCl |C1'
The clectrodc reaction is: .
AgCl+e” —Ag+Cl™

{2311 PREDICTION FOR OCCURRENCE OF
A REDOX REACTION .

Any redox reaction would occur spontancouslj: if the free energy
change (AG) is negative. The free energy is related to cell emf in
the following manner:

AG® =—nFE®

NERNST EQUATION

The electrode potential and the emf of the cell depend upon the
nature of the clectrode, temperature and the activities
(concentrations) of the ions in solution. The varation of

~electrode - and ~cell—potentials - with concentraion of ions i

solution can be obtained from thermodynamic considerations.
For a general reaction such as

meA+mB+ —mX+nY+ e f))
occurring in the cell, the Gibbs free energy chnngc is given by the
equation ;

"l

AG=AG® + 2303RT log - Xay ...

" am . .. (i1)

where, 'a’ rcpr:scnts the activities of reactants and products
under a given set of conditions and AG® refers to free encrgy
change for the reaction when the various reactants and products
are present at standard conditions. The free energy change of a
cell reaction is related to the electrical work that can be obtained
from the cell, ie, AG=-nFE, and AG®°=-nFE®. On
substituting these values in eq. (ii), we get '
o : aY xar...
—nFE y =—nFEg, +2303RT log,, —=———1——... (iii)
a7 xap ...

2 303RT ay) xag ...

log g g
all xagt ...

or Eceu =Ece1| -

<. (V)
This equation is knuwn as Nemst equatmn
Putting the values of R =8.314 JK™' mol™, 7= 298K and
F =96500C, eq. (iv) reduces to

o a¥ xal...
E=go - 20 logm X " e (V)
n .

0.0591 lo [Products)

=E- 10 [Reactants] - (1)
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Potential of single electrode tAnnde): Consider the

general oxidation reaction,
M—M"™ +ne”
Applying Nemst-equation,
0.0591 M™]
log,o
(M]
where, E . is the oxidation potential of the electrode (anode),

E;, is the standard oxidation potential of the electrode.
[Note: The concentration of pure solids and liquids are taken as unity.)

00591
Eai: =Ent ogll] M “]

Enl. =E:x. -

Let us consider a Daniell cell to explain the above equations.
The concentrations of the clectrolytes are not | M.

o 0.0591

E, =E, - ‘2 log o [Cu?*]
o 0.0591
Epy =Erg + log  [Ag* )}
e .o 00591 [Cu?)
E..=E_+E.=E +E, — log,g ———
cell o8 red ox red 2 Bio [Ag"]z
o 0.0591 [Cu?]
=Eqy - log g ——
2 [Ag" ]

1ia00e8 Beee-.
gﬁﬁﬁimple 31. Construct the cells in which the following
reactions are taking place. Which of the electrodes shall act as
anode (negative electrode) and which one as cathode (positive
electrode)?

Zn(s)+ Cu?* (ag. y==Zn** (ag.)+ Cu(s)

(@) Zn + CuSOy = ZnSO, + Cu

Zn(s)| Zn®* (aq) || Cu®* (ag.)| Cu

Potential at zinc electrode (Anode)
o 0.0591

Eﬂl _on -—log 210 [zn2+ ]

U | TS

Pntentml nl copper electrode (Cathode)
Epg =Epg + 0.0591 log o [Cu?* ]

Emf of the cell
Eccl.l =ED:I: +Erut

0.0591 Zn?*
= E +E ——1o
( et ) . 0E10 [Cuz*]

0.0591 Zn?
a0 [ 2]

The value of n = 2 for both zinc and copper. _
Let us consider an example, in which the values of » for the
two ions in the two half-cells are not same. For example, in the
-cell

CulCu®™ || Ag* |Ag
The cell mﬁon is: '
| Cu(s) + 2Ag* — Cu?* +2Ag

The two half-cell reactions are:

Cu — Cu® +2e”

Ag® +e” —Ag
The second equation is multiplied by 2 to balance the number
of electrons.

2Ag* +2¢” — 2Ag
Nole Omdnhun pol:nha! is .E"” "
volt and the value nl'E° u,
while that having higher v:!uc of reduction potential acts as cathode.

whil édiction potemtal s represenied s £
{mdustlon potcntml of copper) is + 0.34 volt. The electrode having lower value of reduction pnm:nal acts as 2n anode

(b) Cu+24gNO; = Cu{NO; ), + 24g
~{¢) Zn+ H,50, = ZnS50, + H,
(d) Fe+SnCly = FeCly + Sn
Solutlon: It should always be kept in mind that the metal

which goes into solution in the form of its ions undergoes

oxidation and thus acts as ncgatwe electrode (anode) and the
element which comes into the free state undergoes reduction and
acts as positive clectrode (cathode):

(a) In this case Zn is oxidised to Zn?* and thus acts as anode
(negative electrode) while Cu?* is reduced to copper and thus
acts as cathode (positive electrode). The cell can be represented
as

Zn|ZnSO, 1 CuSO4 I Cu

or ZnlZn* lICu® |Cu
‘ Anode (=) Cathode (+)

(b) In this case Cu is oxidised to Cu?* and Ag* is reduced to

Ag. The cell can be represented as
Cu | Cu(NO, ), 11 AgNO, |Ag

or CulCu® Il Ag* 1Ag
Anode(-)  Cathode (+)

(¢) In this case, Zn is oxidised to Zn?* and H' is reduced to
H, The cell can be represented as: :

Zn1ZnSO, 11 H,50, I H,(PY)

or ‘ ZniZn® 11 2H* | Hy(PY)
Anode (=) Cathode (+)

(d) Here, Fe is oxidised to Fe** and Sn?* is reduced to Sn.
The cell can be represented as:

Fe| FeCl, 11 SnCl, | Sn

or FeiFe?* 11Sn?* |Sn
Anode (=) Cathode (+)

The valu nf‘f o (oxldz’l;on put:u]:al ofZnyis+ 0.76
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- Example 32, Consider the reaction,
2Ag* +Cd — 24g + Cd*

The standard electrode potentials.for Ag*® — Ag and

cd*t —cd couples are 0.80 volt and — 0.40 volt respectively.

(i) What is the standard potential E° for this reaction?
(i} For the electrochemical cell, in which this reaction takes
place which electrode is negative electrode?

(@) Zn|Zn*" || Br,Bry | Pt (b) CrICP* || 17,1, | Pt
(&) Pr|Hy HY || Cu®™ |Cu (d)Cd|Cd™ ||CI ~, AgCl| Ag

Solution:
{(a) Oxidation half reaction, Zn —sZn?* +2¢

Reduction half reaction, Br, + 2¢6” —— 2Br~

Net cell reaction Zn +Br, — Zn?* +2Br”

Solution: (i) The half reactions are: Positive terminal—Cathode Pt
248" + 20  ——2Ag (b) Oxidation half reaction, [Cr— Cr™* +3e7]1x2
Reduction . : - - -
(Cathode) Reduction half reaction, [I, + 2" — 21" ]1x3
E:!* iag = 0:80volt  (Reduction potential) Net cell reaction 2Cr +31, — 2Cr* +61°
T ' Positive terminal—Cathode Pt
__Oxidation ' (c)_Oxidatjon half reaction Hy—2HY 42
(Modt) L3ar dal
. . 2+ -
E? 20 0g ==040volt (Reduction potential) Reduction half reaction,Cu™* + 2¢” —— Cu
-] Net = H-, Cu2+ *
- E2 o =+040vol et cell reaction 2+ —Cu+2H
R e e e Positive terminal—Cathode Cu_ o -
E™= ECdFCdz+ + EA;"M; = 0.40+ 0.80=1.20 volt (d) Oxidation half reaction, Cd — Cd?* + 2¢~

(ii) The negative electrode is always the electrode whose
reduction potential has smaller value or the electrode where
oxidation occurs. Thus, Cd electrode is the negative electrode.

-~ Example 33. Consider the cell,
Zn| Zn** (ag. ) (1.OM)|| Cu®* (ag.) (1.0 M)| Cu
The standard electrode potentials are:
Cu®* +2¢" — Cu(ag. );
Zn*t +2e” — Zn(ag. );

E®=0.350volt

E°®=-0.763 volt
() Write down the cell reaction.

(i) Calculate the emf of the cell.

_ Solution: (i) Reduction potential of Zn is less than copper,
hence Zn acts as anode and copper as cathode.

At anode Zn——7Zn* +2¢~  (Oxidation)
Atcathode Cu® +2e- —Cu (Reduction)
Cell reaction  Zn + Cu®* — Zn?* +Cu

se o =] o
W) Eea =E7 7020 +Eg 20 g,

= Oxi. potential of zinc + Red. potential of copper

E;up, 7o = — 0.763 (Reduction potential)
E} , .2, =+0.763 (Oxidation potential)
and E_ ., cy =350 (Reduction potential)

So,  Egy =0.763+0.350=1.113 volt

. Example 34. Prite the electrode reactions and the net cell
reactions for the following cells. Which electrode would be the
positive terminal In each cell?

Reduction half reaction,
[AgCl+ e~ — Ag+Cl™]x2

Net cell reaction Cd + 2AgCl — Cd** + 2Ag +2CI°

Positive terminal—Cathode Ag

- Example 35, Wil Fe be oxidised to Fe** by reaction with
1.0 M HCI? E® for Fe! Fe** =+ 0.4 volt.

Solution: The reaction will occur if Fe is oxidised to Fe?",
Fe + 2ZHCl — FeCl, + H, -
Writing two half reactions, Y

Fe—— Fe?* +2¢~ Oxidation; E

&
Fe/Fet*

Reduction: £

= 0.44 voll

=]

W =0.0volt

Adding; emf = 0.44 volt
Since, emf is positive, the reaction shall occur.

Example 36. The values of E ° of some of the reactions are
given below: :

I +2 —s2 7,

GI +2e” '——QZC‘I-;

2H* +2¢” — H,

E®=+0.54 volt
E°=+136volt

Fe** +e~ —y Fe®*; E°=+0.76volt -
Ce™ + e — e E°=+1.60volt’
Sn*t +2e” —s sn?; E°=+0.15volt

On the basis of the above data, answer the following
questions:
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23.  Calculate the emf of the following concentration cell at 25°C:
Ag(s) | AgNO, (0.01 M) || AgNO4 (0.05 M) | Ag(s)

(a)-0414V (b)0.828 V
(c)0414V (d)0.0414 V
[Ans. (d)] '

[Hint: E=EF° -M logis @
(- E° = 0 for all concentration cells)
0.0591 [00[
log,p
1 0.05
24. The equilibrium constant of the reaction:
Cu(s)+ 2Ag* (ag.) == Cu’*(aq.) + 2Ag(s)
E° =046V at 298 K is: [CBSE (Med.) 2007
(2)2.0x 10° (b) 4.0x 10

J =00414 V]

(c)4.0x 10 (d) 2.4 x 10"°
[Ans. _(5)] ‘

1223 ELECTROCHEMICAL SERIES

By measuring the potentials of various electrodes versus standard
hydrogen electrode (SHE), a series of standard electrode
potentials has been established. When the clectrodes (metals and
non-metals) in contact with their ions are arranged on the basis of
the values of their standard reduction potentials or standard .
oxidation potentials, the resulting series is called the

‘electrochemical or electrnmutlve or activity series of the

clements,

By international convention, the standard potentials of
clectrodes are tabulated for reduction half reactions, indicating
the tendencies of the electrodes to behave as cathodes towards
SHE. Those with positive E © values for reduction half reactions
do in fact act as cathodes versus SHE, while those with negative
E ° values of reduction half reactions behave instead as anodes
versus SHE. The electrochemical series is shown in the given
table:

[Hint: K = antilog [ 'UEME ] = antilog [

= antilog 15,593
=39x10"
= %00
25. The cell reaction of a cell is:
Mg(s) + Cu* (ag.) == Cu(s) + Mg*"(ag.)
If the standard reduction potentials of Mg and Cu are —2.37
and +0 34 V respectively. The emf of the cell is:

IMEE (WR) 2007)
=203V [©+271V W{)-271V

2x0.46 ]
0.059

P

(a)2.03 V
[Ans. () _
(Hint: Ey = Eoupose = Ennode

= E:adlmd specles ~ E;:m wpecies

=034 - (-237)=+271V)

26. The equilibrium constant of the following redox n:acuuu at
298Kisix10® °

2Fe*! (aq. )+ 2 (ag.)— 2Fc** (aq.) + L1(s)

If the standard reduction potential of iodine becoming iodide
is + 0.54 V. What is the standard reduction potential of

Fe’* /Fel*? [PMT (Kerala) 2008]
(a) + 1.006 V (b) - 1.006 V
©+077V @-077V
(e)-0.652V
[Ans. (c)}
- [Hiat: E° = 0.059 logy X
0.059

— logyo 10® = 0.236
Ecen = Enauced spectes = Eooadin secies
0236 = £, 3, 20 —0.54

o g =07V]

*The Electrochemical Series’

Element . Ele?;::::i::;h“ : g::::ﬁr:ng;nwﬁ
Do e BTYE
-~ LI LT EEL IS

K K*+¢ =K -2.925
Ca Ca* +2¢ =Ca -287
Na Na® + & =Na -2. 714
Mg Mg + 26 = Mg -23

Al A¥ 43¢ =Al - - 1.66
Zn E Eﬂ Zn* +2¢ =Zn g: E - 07628
o 8 | ¥ sie=0c F2 -074

Fe gg Fe* +2¢ =Fe g_ﬁ - 044
Cd gy | Cd*+207=cd 32 — 0,403
Ni T Ni* +27 =N~ B E -025 -
Sn ‘SE Sn?* +2¢ =Sn EE -0.14

Hy ¥ [ 2H'+2 = 28 -0.00
Cu gg Cu®* +2¢ =Cu Eg +0337
L, & L+2 =20 = +0.535
Ag Ag® + ¢ =Ag +0.799
Hg Hg®* +2¢ =Hg + 0,885
Br, Br, + 2¢” = 2Br” +1.08
, Cly + 26 =2CI° + 1.36
Au J AT 436 =A + 1.50

! R, + 26 =2F +2.87

Characteristics of Electrochemical Serles

(i) The negative sign of standard reduction potential indicates
that an electrode when joined with SHE acts as anode and
oxidation occurs on this electrode. For example, standard
reduction potential of zinc is — 0.76 volt. When zinc electrode is

Scanned by CamScanner

Standard AqmurEltctmdermﬂahHS “-E.‘———



— —— jonsinove-towards-anode-

The process of chemical decomposition of an electrolyte by
passage of electric current through its solution is called
electrolysis.

. - Or

Chemical change (oxidation and reduction) occurring at
electrodes when electric current is passed through electrolytic
solution is called electrolysis.

Molecules of an electrolyte when dissolved in water split up
into ions, i.e, into cations-and anions. On passing current, these
ions move towards oppositely charged electrodes. On reaching
the ‘electrodes the ions lose their charge either by accepting
electrons or losing electrons and thereby deposited at the
respective electrodes or undergo a secondary change. For
~ example, when electric current is passed through a solution of
hydrochloric acid, the H* ions move towards cathodc and CI™

1 e

lower than that of OH™ ions. This can be explained by some*

examples given below:

(1) Electrolysis of sodium chloride solution

The solution of sodium chloride besides Na* and C1~ ions
possesses H* and OH™ ions due to ionisation of water.
Hawever, the number is small as waler is 2 weak electrolyte.
When pmmual difference is established across the two
electrodes, Na* and H* ions move towards cathode and C1™ and
OH~ ions move towards anode. At cathode H* ions are
discharged in preference to Na* ions as the discharge potential of
H "' ions is lower than Na* {ons. Simi]arly atanode, C1™ ions are
dlscharged in preference 1o OH ™ ions.

NaCl==Na* +CI"
H,0=—H* + OH"

HClI —H"=¥CI” —

Cathode Anode
H*+e —H ' CIm —Cl+e”
2H—H, » Cl,
(Reduction) {Oxidation)

The decomposition of HCl into H, and Cl, as a result of
passage of current is termed electrolysis of HCI. It is, thus, a
precess in which electric current brings the chemical change.

The device in which clectrolysis (chemical reaction involving
oxidation and reduction) is carried out by using electricity or in
which conversion of electrical energy into chemical change is
done is known as electrolytic cell. An electrolytic cell consists of
a vessel for the electrolytic solution or fused electrolyte and two
metallic electrodes immersed in the reaction material which are
connected 1o a source of electric current. The metallic electrodes
which do not react with ions or final products are called inert
electrodes. Inert electrodes are 1.|suall:-r used in an electrolytic
cell.

12.2. PREFERENTIAL DISCHARGE THEORY

If an electrolytic solution consists of more than two ions and the
electrolysis is done, it is observed that all the ions are not
discharged at the electrodes simultaneously but certain ions are
liberated at the electrodes in preference to others. This is
explained by preferential discharge theory. It states that if more
than one type of ions are attracted towards a particular electrode,
then the one discharged is the ion which requires least energy.
The patential at which the ion is discharged or deposited on the

appropriate electrode is termed the discharge or deposition'
potential. The values of discharge potential are different for

different ions, For example, the discharge potential of H * ions is.
lower than Na* ions when platinum or most of the other metals*
are used as cathodes. Similarly, discharge potential of C1™ ions is

o a—

e At cathode R ___Atanode
H*+¢ —H CIr——Cl+e
2H—H, 20— QY

Thus, Na™ and OH ~ ions remain in solution and the solution
when evaporated yields crystals of sodium hydroxide.

(i) ElectmlySts of copper sulphate solution uaTng""_—

platinum electrodes

CuSO, ==Cu?* +503"
H,0—H' + OH"

At cathode

" Cu?* 4+ 26 — Cu

- Atanode
2000 — H,0+ 0+ 2
~0+0—0, -
Copper is discharged at cathode as Cu?* ions have lower
discharge potential than H* ions. OH™ ions are discharged at
anode as these have lower discharge potential than SO}~ ions.

Thus, copper is deposited at caihode and oxygen gas is evolved at
anode.

{iii) Eleclmlysis of sodium sulphate solution using
inert electrodes

Na,SO, == 2Na* + SO%~
H,0=—H"' +OH"

At cathode At anode
‘H*'+e —H 20H" — H;0+ O+ 267
H—sH, 0+0—0,

Hydrogen is discharged at cathode as H* ions have lower
discharge potential than Na* ions. OH ~ ions are discharged at
anode as these have lower discharge potential than SOZ" ions.

Thus, hydrogen is evolved at cathode and oxygen is evolved at
anode, i.e., the net reaction describes the electrolysis of water.
The ions of Na, SO, conduct the current through the solution and
take no part in the overall chemical reaction,

*When Hg is used as a cathode, Na* ions have lower discharge potential than H * jons
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The decreasing order of discharge polci'ltml or the increasing
order of deposition of some of the ions is given below:

Fammrc* Na* Caz* Mg?* AP*,Zn* H*, Cu®,
Hg**, Ag*
. Feranions: SO3~, NOj, OH', ClI~, Br™,1”

(v} Ehmohﬂsdmppersmmﬂmuslng
copper electrodes

CuSO, ==Cu?" +807"
. Atcathode, copper is deposited.
P42 —CQu

At anode, the copper of the electrode is oxidised to Cu2* ions

or 8O3
anode.

ions dissolve equivalent amount of copper of the

123 FARADAY'S LAWS OF ELECTROLYSIS

The relationship between the quantity of electric charge passed
through an electrolyte and the amount of the substance deposited

at the electrodes was presented by }-aradny in 1834, in the form of
laws of electro]ysm

()] Pamda'rsﬂfst law

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

If W be the mass of the substance deposited by passing Q
coulomb of charge, then -according to the law we have the

~ relation:

A coulomb-is the quantity.of charge when a current of one

Co—SCut +2¢

. mnpcrc—m—puud—fepone&eeendmw&—amoum-olleharge-m—

coulombs,
or Cu +S0%" — CuSO, + 2~ 0= current in amperes X time in seconds
Thus, during electrolysis, c0ppcr is transf‘cnbd from anode =Ixr
cathode. So, Welxt
v) Emmammmmsﬂm : or o W=ZxIxt
- .m._--_ - - - - PRI v - - - b — =rae

AgNO; =—=Ag" + NO3
At cathode, silver is deposited. ~ - -
" Agt+eT —Ag
At anodel, the silver of the clectrode is.oxidisad to Ag" ions

“which go into the solution or NO; ions thssohrc equivalent
amount of silver of the electrode.

Ag—Ag' +e”

Ag+ ND;—:-AQNO, +e”

o - . _'._I_: o --':I.':'I . .- - " 'I | e

R xRN AR
Aqueous Pt '[Co® +2¢ —-tCu RCI"— Cl, + 2¢
acidified CuCl, - '
solution

Molten PbBr, Pt Pb™+26—Pb RBr — Br, + 26"

Sodium Hg [INa®+2¢—2Na PCI—s Cly +2¢
chloride . i
solution

Silver nitrate Pt lAg"' +&— Ag t?.OH' —
solution, o o _02 + HIO + 2e'
Sodivmnitrate | Pt PH*+2e—H, POH —
salution TR ) %01 + H;D +2e

where, Z is a constant, known as- electrochemical equivalent,
and is characteristic of the substance deposited.

When a current of one ampere is passed for one second, i.e.,
one coulornb (Q 1), then

W=2Z

Thus, electrochemical equivalent can be defined as the mass
of the substance deposited by one coulomb of charge or by
one ampere of current passed for one second. For examplc.
when a charge of one.coulomb is passed through silver nitrate
solution, the amount of silver depositedis 0.001118 g. This is the
value of clectrochenucal equivalent of silver,

() Faraday s-second law

When the same Quantity of charge is passed through dlﬂ‘erent
electrolytes, then the masscs of different substances deposited at

. the rcspcctwc elcclmdcs will bc in thc ratio of theu' cquwalent

e i

' H2504 Suluhon CuSOy4 Solution ~ AgNQj Solution

Fig. 1?_1 - Voltameters arranged in series
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- The law can be illustrated by passing same quantity of electric
current through three voltameters containing solutions of
H,S0,, CuSO, and AgNO; respectively as shown in Fig. 12.1.
In the first voltameter, hydrogen and oxygen will be liberated; in
the second, copper will be deposited and in the tlurd, silver will
be deposited.

Mass of hydragcn Equwalent mass of hydrogen
Mass of copper Equivalent mass of copper

Mass of copper _ Equivalent mass of copper
Mass of silver Equivalent mass of silver
Mass of silver _  Equivalent mass of silver
Mass of hydrogen  Equivalent mass of hydrogen

1t is observed that by passing one coulomb of electric charge
Hydrogen evolved = 0.00001036 g,

Fundamental unit of charge: As one g-equivalent of an
ion is liberated by 96500 coulomb, it follows that charge carried
by one g—aqmvalcnl of an ion is 96500 coulomb. If the valency of
an ion is * , then one mole of these jons will carry a charge of nF
coulomb. One g-mole of an ion contains 6.02 x 10* ians. Then,

The charge carried by an ion = —ﬂ«——ﬂ— coulomb
. 6.02x 10~
Forn=1,
The fundamental unit of charge = —
6.02x 10
ie., _ 96509 _ 16107 coulomb
6.02% 107
or ' 1 coulomb *= 6.24 x 10'® electrons

_Copper dcpos:ted - 0.0003292 g,

The rate of flowing of electric charge through a conductor is

and Silver deposited = 0.001118 ¢

These masses are in the ratio of their equivalent masses. From
these masses, the amount of electric charge required to deposit
ong equivalent of hydrogen or copper or silver can be calculated.

o
00000103

_3L78 96500 coulomb
0.0003292 -

-107.88
0.001118

For hydrogcn == = 96500 coulomb
* For copper =

For silver = = 96500 coulomb

This follows that 96500 coulomb of electric charge will .

deposit one g-equivalent of any substance. 96500 coufomb is
termed as one Faraday and is denoted by F.

. Again according to first law,
W=ZxQ

When, Q = 96500 coulomb, ¥ becomes gram equivalent mass
(E).
Thus, E=Zx 96500
or " Z= ._£_
4 _E
Z, E,

called the electric current.
Electric charge -
Time
1 coulomb
1second,
Voli is a unit of clecl:ncal potential difference. lt is deﬁned as

pntenllal energy per unit charge.
1 joule -

Electric current =

1 alnpen:

1 newton X1 metre
1 ampere x 1 second

1volt=

1coulomb
Electrical energy = Potential difference x Quantity of charge -
=¥ x Q
=VxIxt
= walt- second

Faraday's Law for Gaseous Electrolytic Product

(I = ampere; ¢ = second )

" We know that, w=20
=ZIt
_ IE £
| " 96500 )
where, Z=E/96500

Equation (1) is used to calculate the mass of solid substance
dissolved or deposited at an eleclrode
For the gases, we usc
_ Iy,

96500 ot

*Coulomb: It is the uml ofelecmc chnrge It :|s the a:munt ofchmge lhat l'.l'lM"Cs past my g;l.\'en pomt ina circuit when a current of 1. ampcn:is

supplied for one second.”
1 coulomb = lamperc -second

It is also defined as the amount of charge which is required to deposit by electrolys:s 0.001118 g of sl]w:r from a solution of silver nitrate.
An electron has 1.6 x 107 coulomb of negative charge. Hence, one coulomb of charge is carried by 6.24 x Iﬂ“ electrons. 1 mutr. of electuns carry

a charge of 96500 coulomb. This quantity of charge is ca[ted Faraday.
Charge carried by 1 mole of electrons
= (6023 x 10°) (1.6 x 10‘“‘}
= 96368 coulomb
= 96500 coulomb
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where, ¥ = Volume of gas evolved at STP at an electrode
¥, = Equivalent volume
"= Volume of gas evolved at an electrode at STP by
1 faraday charge

. Ilustration
0,: M=32, E=8

3250, = 224Lat STP {M =M0!ec1ﬂarn'!ass]
8g0, = 5.6LatSTP E = Equivalent mass

Thus, ¥, of O, =5.6L
Hy: M=2 E=1
2gH, =224 L at STP

1gH, =112 L at STP
Thus, ¥, of H; =11.2L

(5) Manufacture of compounds: Compounds like NzOH,
KOH, Nagcol, KCIO;, white Iead, mn041 elc,, .are
manufactured by clectrolysis.

(6) Electroplating: The process of coating an inferior metal
with a superior metal by electralysis is known as electroplating.

The aims of electroplating are:

(i) To prevent the inferior metal from corrosion.

(ii) To make it more attractive in appearance.

The object to be electroplated is made the cathode and block
of the metal to be deposited is made the anode in an electrolytic
bath containing a solution of a salt of the anodic metal. On
passing electric current in the cell, the metal of the anode
dissolves out and is deposited on the cathode-article in the form
of a thin film. The following are the requirements for fine
coating:

CI;r M=TI, E=153

~71gCl, =224L at STP
35.5gCl, =11.2L at STP

Thus, ¥, of Cl, =11.2L

12.4° APPLICATIONS OF ELECTROLYSIS

The phenomenon of electrolysis has wide applications.The

important ones are:
(1) Determination of equivalent masses of
elements: According to second law of electrolysis when the

same quantity of electric current is passed through solutions of
salts of two different metals taken in two different cells, the
amounts of the metals deposited on the cathodes of the two cells
are proporiional to their equivalent masses of the respective
metals. If the amounts of the metals deposited an the cathodes be
W, and Wy respectively, then
_ Equivalent mass of 4
WB -« Equivalent mass of 8

Knowing the equivalent mass of one metal, the equivalent
mass of the other melal can be calculated from the above
relationship. The equivalenl masses of those non-metals which
are evolved at anodes can also be determined by this method.

(2) Electrometaliurgy: The metals like sodium, potassium,
magnesium, calcium, aluminium, etc.,, are obtained by

electrolysis of fissed electrolytes. .
Fused electrolyte Metal isolated
NaCl + CaCl, + KF Na
CaCl, + CaF, ' Ca
AL, Q, + cryolite ’ Al
MgCl, (35%) + NaCl (50%) + CaCl, (15%) Mg
NaOH 2 . Na
KCl + CaCl, " K

(3) Manufacture = of non-metals: Non-metals like
hydrogen, fluorine, chlorine are obtained by electrolysis.
(4) Electro-refining of metals: The metals like copper,
silver, gold, aluminium, tin, etc., are refined by electrolysis.

chromic acid or detergents. _

(ii) The surface of the article should be rough so that the
metal deposited sticks permanently.

(iii) The concentration of the electrolyte. should be so
adjusted as to get smooth coating. o

(iv) Current density must be the same Lhmughuut

For

electroplating ,Mode Cathodc_:_ il _- - Electrolyte .. i
Withcopper Cu  Object CuS0, + dilute H,80,
With silver Ag Object KAg(CN),
Withnickel ~ Ni - Object Nickel ammonium sulphate
With gold Au  Object  RAu(CN),
With zinc Zn Iron objects 7ZnSO .
With tin Sn

Iron objects $nSO,

Thickness of Coated Layer

Let the dimensions of metal sheet to be coated be
(aemx bem).

Thickness of coated layer = c cm

Volume of coated layer = (a x b x ¢) cm®

Mass of the deposited substance = volume x density

=(axbxec)xdg
(axbxec)xd= FREXE
96500
. Using above relation we may calculate the thickness of coated
layer.
Note: Sometimes radius of atom of deposited metal is given m.s!md of
density, e g,
Radius of silver atom =10 cm
Atomic mass of Ag =108
; . 108
Mass of single silver atom = —"—
e 6023 % 108 ©
Volume of single atom =% x nR®
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;% x 314 X (10°*)? cm?
.Mass of single atom

Volume of single atom
_ 108/6.023 x 10

Density of Ag =

=42.82 g /cm’

. Exampled. Exactly 0.4 faraday electric charge is passed
through three electrolytic cells in series, first containing AgNO;,

second CuSO, and third FeCl, solution. How many grams of

each metal will be deposited assuming anly cathodic reaction in
each cell?

= m ) Solu.tlon: The cathodic reactions in the cells are
3 respectively,
Current Efficiency Ag" + e ——Ag
. . 1mole 1 mole
Sometimes the ammeter shows [false current due to 108g
mechanical fault. In this case, o2
Actuoal t 1 molc * Z?Eﬁol Cu
ctual curren
% current efficiency = ———— x 100
’ 4 Ammeter current 635¢g 2F
. 34 -
[Note : The conditions for the operating electrolytic cell are: and : lFIZ?lOIc ¥ 331501\: Fe
' AG>0andE<0] S6g JF

I cra@@ X XKAMPLE “.:: .
 Examplel. Find the charge in coulomb on | g-ion of -
N, .
Solution: Charge on one ion of N>~

. =3xL l.‘i:»cl(]“19 coulomb
one g-ion =6.02x 107 ions_

Thus, charge on one g-ion of H"
=3x1.6x107"° x 6.02x107 -
=2R9x ll]"'l ‘coulomb

Example2. How much charge is required 1o reduce
(@)1 mole of AP** 1o Al and (b)\mole of MnO; to Mn™*?
Solution: (a) The reduction reaction is: '

APt &+ 3"
1 mole 3 mole

— Al
Thus, 3 male of electrons are needed to reduce 1 mole of Al’*.
Q=3xF '
=3 x 96500 = 289500 coulomb
(b) The reduction reaction is:
MnO; +8H* + 5S¢~ — Mn?" +4H,0
1 mole S mole
g=5%F
= 5% 96500 = 482500 coulomb

“Example3. How much electric charge is wqu-fred fo
oxidise (a) Imole of H,0 to O, and (b) lmole of FeO'to Fe, 04?7
Solution: (a) The oxidation reaction is:

H,0 —3 0, +2H" + 2¢°
1 mole 2 mole

O=2xF
= 2% 96500 = 193000 coulomb
(b) The oxidation reaction is:

FeO+1H,0—:Fe 0y +H* + ¢
Q=F =96500 coulomb

——Hente; ——Agdeposited=108-x-0:4=432¢

Cu deposited = E?’zj x04=127g

and ' Fe dcposued=?ﬁxﬂ4 T4Tg
- Example 5. An electric current of 100 ampere is passed
through a molten liquid of sodium chloride for 5 hours. Calculate
the volume of chlorine gas liberatéd at the electrode at NTP.
Solution: The reaction laking place at ancde is:
200 —s Cl, + 2¢
710¢ _7l.0g 2% 96500 coulomb
1 mole

O=1%xt=100x 5x 60x 60 coulomh
The amount of chlorine liberated by passing 100x 5x'60x 60

- coulomb of electric charge

1
" 2% 96500

Volumc of Cl, liberated at NTP=9.3264 x 224 =208.91 L

Example 6. A4 100 wan, 110 volt incandescent lamp is
connected in series with an electrolytic cell containing cadmium
sulphate solution. What mass of cadmium will be deposited by the
current flowing for 10 hours?

Solution: We know that,

Watt = ampere X volt

¥ 100x 5% 60 x 60=93264 molc

100 = ampere x 110

Quantity of charge = ampere X second
_-@x 10x 50>< 60 coulomb
-110
The cathodic reaction is: :

Cd* +  2¢
1124g  2x96500C

—Cd
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Mass of cadmium deposited by passing %x 10 % 60 x 60

coulomb charge
=124 100, 10y 60x60=19.0598¢
2% 96500 110

" "Example7. In an e!ecfmfysu expenmem. a current was
passed for 5 hours through two cells connected in series. The first
cell contains a solution of gold salt and the second cell contains
copper sulphate solution. 985 g of gold was deposited in the first

So, 042= 108 x3x¢
, 96500
or ’ t= 0.42x 96300 = 125.09 second
108x 3

i Exdmple9. What current stremgth in ampere will be
required to liberate 10g of chlorine from sodium chloride
solution in one hour?

Solution: Applying E = Z x 96500 (E for chlonnr. =135, 5),

cell. If the oxidation number of gold is 43 find the amount of 15.5=Z % 96500
copper deposited on the cathode in the second cell. Also 155
caleulate the magnitude of the current in ampere. or =—"g¢
Solution: We know that, 96500
Mass of Au deposited _ Eq. mass of Au Now, applying the formula
Mass of Cu deposited  Eq. mass of Cu W=ZxIxt
: 197 635 : 355
— Eq.massof Au=— ;| Eq.massof Cu =—— where, W = 10g, Z= —2—_ ¢'=60x 60=3600second -
3 2 96500
Mass of copper dcpnsuegs ¢ _ 10x 96500 ss
—PSSXTXEg 4.7625g 355)(3600 ; I

Let Z be thé electfochernical equivalent of Cu.

E =Zx 96500
E 63.5
or - = = N
96500 2x 96500
Applying W=ZxIxt
f = Shour = 5x 3600 second
4.7625 ;ﬂx:xsmmo
2 96500
o I= 4.7625x 2x 96500 _ 0.804 ampere

63.5x 5% 3600

“—Example8. How long has a current of 3 ampere to be
"applied rhroug.’r a solution of silver nitrate to coat a metal
surface of 80 cm? with 0.005 mm thick layer? Density of s:fver i

10.5g/cm’.
Solution: Mass of silver 10 be deposited
= volume X density
= Arca X thickness X dcnsitj-r
Given: Area =80cm?, thickness =00005cm and density

. =10.5g/cm’
Mass of silver to be deposited = 80 0.0005x 10.5
=042g '
Applying tosilver E=Zx96500
_ 108

96500 °
Let the current be passed for ¢ seconds. .
‘We know that, W=ZxIxt

*../Example 10. 0.2964 g of copper was deposited on passage
of a current af 0.5 ampere for 30 minutes through a solution of
copper sulphate. Calculate the atomic mass of copper.

(1 faraday = 96500 coulomb)

Solullmn: Quant;ty of charge passed
= 0.5 30 60= 900 conlomb

900 coulomb deposit copper = 0.2964 g
0.2964

96500 coulomb deposit copper = X 96500=31.78g -

. Thus, 31.78 is the equivalent mass of copper.
At. mass = Eq. mass x Valency
=31.78x 2= 63.56

i Example 11, 19 g of molten SnCl, is electrolysed for some
time using inert electrodes until 0.119 g of Sn is deposited at the
cathode. No substance is lost during electrolysis. Find the ratio

‘of the masses of SnCl, : SnCly afier electrolysis.

Solution:

The chemical reaction occurring during electrolysis
is: '

25n0Cl; —— SnCl, + Sn
2x190¢g 261¢g 119¢

112 g of Sn is deposited by the decomposition of 380 g of
SnCl,.

So, 0.119 g of Sn is depasited by the decomposition of
380
119

Remaining amount of SnCl, =(19-0380)=18.62¢

x0.119 = 0380g0f Sn['.'lz

380 g of SnCl, produce = 261 g of SnCl,
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