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Electrochemistry - |

(Electrochemical Cells)

BASICS Section - 1

Electrochemisety deals with the inter-conversion ol electrical energy and chemical cnergy. This part of
Electrochemistry will deal with the conversion of chemical energy into electrical energy (Llectrochemical
Cells).

Electrochemical Cells :
Consider the following redox reaction |

Zn(s) + Cu™'(aq) —— Cu(s) + Zn*'(aq)
Inthe above reaction . Zn ¢ isplaces copper fons (Cu?*) from aqueous solution. This reaction can be achieved
very easily in practice, Put a Zn rod into a solution of CuSQ, (containing Cu?* ions). It is observed that blue
colf:-ur of CuS0, solution d isappears alter sometime. What happens actually ? Zn loses 2¢s peratomand
Cu" jons in the solution aceepts them. Cu® jons from solution in this manner are deposited out in form of

solid Cuand Zn goes into (he solution as Zn** (colourless), The reaction can well be understood interms of
two halfreactions :

Oxidation : Zn(s) — Zn*(aq) + 2¢-

Reduction : Cu* (uq) + 2¢- — Cu(s)

Note: (i) Inthisreaction. Zn atoms arc directly giving electrons to the copper ions,
(ii) Another aspect of this reaction is that it is an exothermic reaction. This means decrease in energy of
the reacting system takes place which appears as heat.

Now, we can make the same reaction take place even if the copper ions and zine rod are not in direct

contact. If'we put the Cu® jonsand Znrod intwo separate containers and connect the two bya conducling
metallic wire and introduce an inverted U shape instrument (called as salt-bridge), then electrons will still be
transferred through the connecting wires. The electrons fromZnrod travel to Cu?" jons through the con-
necting wires and the same reaction takes place.
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half=cells. Now the electrons move from anot
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The two half cells are connected by a inverted ‘U’ shaped tube czil]f:d as salt-bridge, The Salt-byi
contains solution of strong fonic salts like NaCl, NaNO;, KNO;, and KCl, etc., (Salts'{)fmq.s{ feaggy, d
metals) soaked ina colloidal solution ofagar-gel which 11”0"”'5_““1}’ lhc'mm'cmcm ofions Of salyg, not ;h
The role ofa salt-bridge is very important as it allows the E:U[]ll]lll{)l:ls chsc{w.zu'ge of th‘c cell (ie,. the 3\2‘[‘_9: T
voltage fromeell). 'I'];n: salt-bridge keeps the two solutions (L., in LHLE and RHE) Clcctricaily t‘.-;:';.-iljl.'}
cach ;lthur. Inthe Zn-CuS0O, cc![, in left hand cell as Zn loses electrons, excess of positive Chﬁruufg:.-“;
of Zn** ions) is collected near LHE and as Cu?* ions getsdischarged (accepting electrons from f{m lr .

, W . 0P S :
hand cell, excess of negative charge (inform of SO3 ™ ions) is accumulated near RHE. Now the sali-bey,.
provides positive charge to RHE (in form o K*, Na” ions) and negative charge 10 LHE (in form;
NO, cte) and thus bringing about the neutrality of two solutions. If this does not take place, a fey.r.
potential ditference is created in the two compartments and thus breaking the continuougs SUPPly 0f vt
(current). which is the purpose ofthe cell. -

The efficiency of a cell is determined by the tendency of LHE to loose clectrons and the tendency of RHE
toaceept electrons. A measure of cell efficiency is called as electromotive force (EMF) or the \*oit:mc orthe
difference in potentials of two electrodes, EMF is defined as the difference in the potential across LHE a
RHE due to which electrons fromanode travel (o cathod 8 )

EMEF value ofa cell made up ofsuchtwo half-cells is constant provided that the concentrationofeler-
Iyte. ‘emperature and ”}‘J pressure (if gases gre involved) remains constant. [t means that‘ET\*ﬂ" valuasde
Elilf:%::‘ “E;!!)I ;Ew%‘uuzm u.m, tempe ature and pressure, EMP values are hence standar iiisc d at a fempenn:
[JI‘L:;BIII as éIecltJ';Jtlyt};:h??lfl\Ifltle,.] <ttm (li. 4 RRAIE Hl\fﬂlvcd) and at concentrations of 1,0 M foral £l

vies. EMIPvalue under (hege conditions is called as standard EMF and is denoted 7
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Oxidation Potential :
It is the tendency of an electrode to get oxidised, i.e., to loose electrons.

Reduction Potential :

[tis the tendency of an electrode to getreduced, ie., to accept electrons.

Electrode potentials at standard conditions (1 atm, 298 K and 1.0 M) are called as standard electrode
potentials

!Note_: >

Anode is the negatively charged electrode in elec:;ncﬁcn'lical celland positively charged 'm_e;t;c:l)gc_
cell (to be discussed later) but it will always be the oxidation electrode (¢lectrode onwhich oxidation
take place).

Cathode is the positively charged electrode in electrochemical cell and negatively charged in electrolytic
cell (to be discussed later) but it will always be the reduction electrode (electrode on which reduction
takes place).

We can also define cathode and anode clectrodes as
Anode: [Flectrode at which current enters.
Cathode : Flectrode at which current leaves.

Animportant property for an ionic salt to act asa salt bridge is that ionic mobility (case with which
ions move in solution) of both cations anion should be similar. Also, it should not react with the
contents of either anode or cathode,

Types of Electrodes :

a.

Metal in contact with its ions :

Metal (M) in contact with its ion (M™) is represented as M/M™ when it acts as oxidation electrode
(anode) and M™/M when it acts as reduction electrode (cathode). Whether a given electrode acts as
anode or cathode depends upon the other electrode with which it forms an electrochemical cell. So,

it is neeessary to define both oxidation and reduction potentials for an electrode.

M / M™ is written as ;

M(s) — M"" (q.oM)+ ne” (oxidation electrode)
and its potential is called as oxidation potential and at standard state is represented as E%(M/M™).
M™ / M is written as :

M™ (1.oM) + ne” —— M(s) (reduction electrode)
and its potential is called as reduction potential and at standard state is represented as E"(M™ /M),

Note: Symbol“ﬁdmnte;ﬂwplﬁ;;epmﬁonhetmnthemmj
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2. Gaseous electrode :

Gases like H,(g) can loose electrons to form H' iunsu".d e
act as anode and also H* jon can add up electrons to form H, (B.) (¢
and hence can act as cathode. Similarly gases like CL, (g) can %KM Bl
electrons to form Cl jons and Cl ions can loose “[uu‘m"s l.u l i

CL(g). The concentration of electrolytes is the value for [1 [ e i
and we take pressure of gas in atm. A hydrogen electrode is nmdr:-:
by passing H, (g) at | atm near an electric conductor mudc. up ol
platinum (for conduction of ¢s) dipped in an aqueous solution
containing H' ions (generally HCI) as shown in figure.

ily)

Py ¥ y X 2 2 . . |
Electrode representation:  Pt, H2/H+ Finely divided py COuty e
or H+/H2, Pt on Platinum fo)

Its electrode potentials are represents as :

b ! % .
E(H, /H"): 5 Ha(@) —> H" (aq) +e (oxidaion potentja))

B 4 |
EH,): H (aq)+e- — S Hy(g) (reduction Potential) '

|
(standard oxidation Potentjy) |

oy : = I |
D). H @) o0 — EHQ(lalm) (standard reductionpatentlal]i

Similarly, CL/CI electrade is prepared by passing Cl, gas and taking HC] (aq) or KCl (aq) as electrolye

3.  Redox Electrodes :

Inthis type ofelectrode, an inert wire (e.g. Platinum ntaining fons ol
element in more than one oxidation states, e.g. Pt ctrolyte of Fe2* and Fe ions. Th
electrode (inert materia] wire) acts as a source /s

Electrode reaction : As cathode :

As anode : Fe
Anotherexample:  py Mnoz Mn2t

As cathode : MnO; (aq.) + 8H

R sectont
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Electrode representation : pty) 1,Q, Q, H*

Electrode reaction : As anode .

011 Q)
s J|
P e
..\ | == ||\H 120" 4 2e
\l.-

Ol 0

(1.0Q) (Q)

Note :  Iftwo substances are in same solution then in the cell or electrode representation, they are separated by .J
|

comma (*,").

4. Calomel Electrode :
[t consists ol mercury covered with mercurous chloride (calomel) in contact with a solutionolKCl :

Electrode representation: Hg / Hg,Cl, / CI”

Electrode reaction : As cathode :  Hg,Cl, (s) +2¢~ —= 2Hg ({) + 2CI (aq.)

As anode : 2He(0) +2CT (aq.) == Hg,CL (s)+2¢"

Most common calomel electrode is the saturated catomel electrode (SCE) in which the concentration of
KClisat its saturation (about 3.5 M), Egcg = 0,24V (w.r.t. SHE)

5. Silver - Silver Chloride Electrode :
It consists of a pure silver wire in a solution of KCl saturated with solid silver chloride.

Electrode representation: Ag/AgClCl

AeCl(s) + e == Ag(s)+ Cl(ag.) E =022V

Electrode reaction : As cathode: < .

As anode:  Ag(s)+Cl(aq) == AgCl(s)+e”

Ifsaturated KCl solution, ELI”CHM become 0.197 V (w.r.t. SHE)

6. Mercury - Mercurous Sulphate Electrode:
In this electrode. the metal is mereury. the sparingly soluble compound is mercurons sulphate (Hg,SO,)and

the source of S( )_13' anions is H,SO, or K,S0,. It represented as

self Study Course for IITIEE with Online Support

123



Electrochumlstry =1

Note: [1]

J_
Hg / Hg,50, / 50,

» 2100 + 3(3.12'{:1:\],]

Electrode representation :
Hy,SO,(s) + 2¢

As cathode )
I"l{ctlucti{m =0.616V f_“'-"-l- :\'Hl

Electrode reaction :

» 1 IEIS[-)J,(R) S P8

2 2
Asanode:  2Hg(f) + SO, (aq.)
- Tere] s )
Calomel electrodes, Silver - Silver Chloride electrodes and Mercury M‘-“—“"{mﬁ-rh‘-ﬂphmcehct " -
1 mdary reference electrodes, Sitver - Silver electrodes and culmuclcleclrmlcsum the 1 ' No
are secondary reference ¢ : . 2 e the
commonly used (practically) s a reference electrode rather than SHIE /NHE due (o pmclmﬂdimmhi |
associated with its (SHI) used and maintenance.
The potential of metal - metalion electrode and metal-metal insoluble salt-slat nntopuluu?mdch :
ated by the following Uy

[2] ;
while their standard potentials are not same. Statndard potential are rel

4 2R log Kgp (MX)  [Refer example - 4]

o

hK'H\-IxJI\'I - EM*-’M ' I’
7. Amalgam electrodes :
hich metal strip is replaced by meta)

This is the modified version ofMetal/ Metal - ion electrode in w

amalgam,
¢.g. Na(inHgal ¢, M) /Na* (¢, M)

:ME’s (electrode potentials) for half electrodes. This is done b
e electrode potentialsy

g its electrode potentialas *0° volts, Tl
standard reference clectrodes macel

Electrode Potentials :
Itis impossible to measure the absolute [
arbitrarily selecting one half cell and settin
other half'cells can then be measured by combining them with the
arrangement,

The reference electrode a gainst which all other half cells are generally measured is the h ‘drogen electroy
hall-cellat a concentration of H* ions equalto 1.0 M and H,(g) at 1 atm pressure kept at 25°C (298 K).
is also known as SHE (standard hydrogen electrode) or NHE (normal hydrogen clectrode). lts potentia

taken as 0" vols,

EYH,/H")=0=EYH"/ H,)
dinto two categories : One which will act as anode and other whichw

Now other half cells can be divide

act as cathode ina cell arrangement with SHE. Each type of cell arrangement will give an EMF value whi
will be actually the EMF value ofknown clectrode as EMF value of SHE is *zero” volts (whether SHE
as anode or cathode), '

For example : Cu electrode (halfeell) acts

aq) (LOM) +2¢7 —— Cugs)-

as cathode with SHE, i.¢.. as-

Cii%* Ci » Cut(

R A R R ;
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The experimentul measurement of EMI value for this cell arcangement give 0.34 volts. Since Cu electrode
shows reduction with ST, the piven vidue o EMI represents the reduction potential of Cu half-cell,

FOCCu 700 030 volly

The oxidation patential of Cu hall=cellis just the negative of this value.

B

+ - - 1
“oxidation

BOCuCut 'y =034 volts [Note: L2

reduction

' Note : Reduction potentialis takenus a standard potential e, ifelectrode potential is given (and nothing is mentioned -
whether it isoxidation or reductiony, it is taken as the reduction polential, by default,

Rules for assigning sign (+ve or —ve) to electrode potentials :

1. The oxidation potential ol half-cell (or anclectrode) is given a positive sign if the given clectrode acts
as anode inacellarrangement with SHE and its reduction potential is given a negative sign with the
sume magnitude. For example @ oxidation potential ol active metals like Na, Mg, Al Zn, Fe ete. i
piven a positive sign.

2. The reduction potential ol half-cell (or an clectrode) is given positive sign if the given electrode acts ¢
cathode in o cellarrangement with SHE and its oxidation potential is given a negative sign with tt
same magnitude.

For example : reduction potential of less active metals like Cu, Ag ete is given a positive sign.

\Note : Electrode potential measured in this manner are called as standard hydrogen scale potentials.

Standard EMF of a Cell (¢¥ ) :

BV canbe defined in two ways as :

“eell
o [V = standard reduct ential — standard reduction potential
(i) e & standard reduction potential — standard 1 P
of cathode of anode
R0 _( -0 ) _( 0 )
“cell T\ Mreduction Joyhode “reduction ), o de

(ii) EY e standard oxidation potential — standard oxidation potential
ce i
l ol anode of cathode

00 (Y ) (0 )
Lccll "(_E‘uxici:ninn asodde {Euxidulion cathode
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