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THERMODYNAMICS
(Second Law of Thermodynamics)

Limitation of first law of Thermodynamics—Need for the second law of
Thermodynamics

-First law of thermodynamics deals with the conservation and conversion of eneTgy
According to first law, when a thermodynamic process is carried out, the energy 12 neither
gained nor lost. Energy only transforms from one form into another form and the energy balance
is maintained. There are various phenomenon which cannot be ezplained by the firs: law of
thermodynamic. The first law is not sufficient and possescs certain limitations which are discussed
below :

1. First law does not expiain the direction of flow of
Heat : First law of thermodynamic give relationship between
the heat absorbed and the work done by the system. But according
to first law it is possible to heat water using ice without external
agencies (fig-1) the first law is unable to tell the direction of flow
of heat. If water get heated by using ice the following processes
can be occured.

(i) Consider, A running
vehicle stopped by
applying breaks, the
kinetic energy of vehicle
changes into heat Fig. 1. Non Spontaineify

Breaks energy (fig-2) because of a Process
Fig. 2. Conversion of K.E. breakes get heated up.
into Heat Energy
. (D
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The inereaso in energy
the reverse process L.e cooling of bre
work

Similarly on sliding n block down n
rongh plane, (fig-3) it become warmer.
But the roverso process whore the
block alido up the plane and become
cooler I8 not true,

Fuels burns in air and to form tho
products (fig-4). Once the fuel burnt
cannot he converted back into its
originnl form

(i

(i)

fuel

(iv)

Fig. 4. Burning of fuel

Solid

2. Tho first Inw of thermodynamic does
not give any information about the
spontaincity of a proecess : There are many
processes which take place in one direction only,
but eannot praceed in reverse dircection, for examples

(i) Flow of water from higher level 1o lower

level (fig-6) and the reverse of thig process
is not possible withoult using externnl
ngencics such as electric motor.

(i) Flow of heat from wnrmer body to colder

body but there reverse is not true (fig-7).

\‘\1‘||¢/’
= = wvananang
" ~—
e S
,frl]|\‘\

Fig. 7. Flow of Hea!

of breaks, nccording to first Inw "“'mmm*b’num

tn
nks cnnnot be converted baek intg mec]c}uf‘ll
;_6-' Idmfa]
G Rollinp
S >

Fig. 3. Sliding of Bloclk along the
rough Plane

Churring of n liquid by paddie, rises i,
lemperature of the vessel (fig 5) This
liquid cannot be change into its onginal
form on caoling '

r —1

Rope

ALCTT

1O

4113 ittt

g
-

Liquid

Fig. 5. Churring of Liquid

Water
- 1rl"q‘T‘W'|rrn:“1w P

Falling ,~
Water /777

1\&‘“&“‘\["&:\

Fig. 6. Flow of Water dotwn hill



Thermal or Heat reservoir
It isn 0 part of environment that can exchange heat energy with a syatem. Ity heat Capacity

value in very large and ity temperature not affected by the quantity of heat transferred y,
from it [ty temperature remain constant hecause trandafer of heat to or from it is a very slow
it is quasi ntatic The thermal reservoir that supplies heat is called heat source whyl,

process it s guasi nlatic "
the reservoir which is at low temperature, to which hent is transferred is called heat sink fip

Heat
Source

Q
Fig. 12. Heat Source and Heat Sinl

Example : Sun is the heat reservoir which is at high temperature while atmospheric ar

12.

Sink

agcenn and river net s heat sink firr 17



Atmosphone
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eservaIr A5 —_——
Source e

S
-‘_-"“-\-__- - >

Heat sk
Fig. 138. Heat Sourve and Heat sink

Heat Engine, Refrigerator and Heat Pump

Heat engine @ It is a device that used for continuous
production of work from heat when operating in a cvelic process

fig 14 - l]_-
- A heat engine characterises by the following features - l}l"\:: l\iﬁ‘:“k"“?:m
1. Absorption of heat Q. from a source of high - el
temperature, T, Y q
2 Partial conversion of heat into mechanical work |
3 Transfer

of romaining heat, g, to a low temperature Sink T, |
T,, sink

And its cyelic operation, so that, working substance Fig. 14. Heat source and
flowing through the engine. Heat sink

The functioning of any machine can be
tetal heat supphed. This

eulization of heat receiv

cxpressed as the ratio of net work output to the
ratio is called as thermal efMicic

‘ney () Itis the measure of degree of
ed in a heat engine. The heat cfMiciency () given as

net work output

" = total heat supplied
~According to first law of thermodynamies, the heat engine that undergoes a eyvelic change

gives

w = q,-q,

n= 20 @

? 2

" So, thermal efliciency of
(

a heat engine (HE) operating between two thermal reservoirs
ss than unity. To increase the thermal cfficiency (n),
q, (heat transferred to sink)

=ource and Sink) is always le
It is necessary to reduce
effici

so that q, remain constant. Thermal
ency become equal to unity ifq, - ~ and g, = 0.
. | Summmhmzl T=Tatm

Refrigerators : It is reverse of the heat =
’agine. It means the direction of heat and work Y q,
e 10 opposite than that of heat engine (fig 13) . .

The refrigerator remove heat from n body at ‘f\ Srk ____L—Q: }» Refngerator
oW temp g then transfer this heat to another e o

¥ at high temp. This device

A\ Y
operates between (W l M0y
© lempernture of surroundings and n =

i . Srace being ] T< Tatm
Mperature helow that of the surroundings It is ' Ly

n\..!!t\_
E"m"‘l\“}‘ used to preserve food items and drugs '
W temperature.

te

‘ !
Fig. 15, Refrigerator and flowe of hea
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The Carnot Cycle

It is a hypothetical cycle consisting of four distict processes i.o. two roversible isothermal
processes and two reversible adinbatic processes. The cycle was proposed in 1824 by n young

french engineer, Sadi Carnot.
The essential components needed for making this cycle are (fig. 17),
1. A working substance which is assumed to bo a perfect gas i.c. 1 mole of idenl gns.

Two heat reservairs, the hot reservoir (heat source) at temperaturo T, and tho cold

2.
reservoir (heat sink) at temperature, T,.
The arrangement of piston eylinder for getting the work out of the working substance.

3.
The piston and cylinder walls are taken as perfect heat insulators. The head of eylinder
(bottom) is covered with perfect heat conductor and an adiabatic cover (perfect heat

insulator.)
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The four reversible steps of Carnot eyelo nro discussed nx one by ano

()
() Isothermal Compression

Izathermal Expansion

G Adiabatic BExpansion

(V) Adinbatic Compression

T X | LIAL T & B &I L] ¢
Theso processes represented on o pressuresvolume diagram (1 18).

A
1 \ )J\I\
Oth e
""””'*h'r
2 BTy, Vy)
E [ Adiabatic
:?[ ‘ Adiabatic
& (T, VD et
C(T,, V)

Fig. 1

1. Step-1:

Volume

18. Four steps of Carnot Cyele.

Isothermal Roversible Expansion

The eylinder containing one mole of an ideal gas, occupying
avolume (V) placed in contact with asource (heat reservoir) ot

tempe rnruw (T,) The gas absarb

q, amount of heat from the

source nnd expr ind isothermally and reversibly so, that its volume
has increased (V). The path represented by llw curve AB. The

work done (w)) by the system given as (fig. 19).

— !Pl

\'."

RT, In v, -

(1)

As the process is isothermal so AE or AU =0
work done by the system is equal to heat absorbed (q,).

So that we have

-
w,

'..F

2
q,=RT,In 'ﬁ:

“Il

.".“mllu at Ty )
ll{"\l abse |h[ :l

HITEF
Step 1.
Isothermnl expansion

Fig. 19. Isothermal
Reversible expansion

'\[—: = :'1’ 4+ I

W(@2) | O=q, 4w

7]
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Statomont of Socond Law 6'?har?ﬁ&”""mi{ﬁ - ‘C;

1o Kelvin Btatomont s From Carnot hout englne, vie hinve

III III . . - -
| | U ARG

e < 1 uothat, w =« y
I ! ! bilgeh teeemip 1

it mennn, work done hy the nyntam i lons tnn

heat nbrorbed, no wo can wny, anly n purt of phsorbed ¥y

heat, by the nyntem ot higher temporantare (')

in converted Into work. The romnining paet of hent m‘ll (THC N Tl o nt
’ winndl rrmenan

in given by the wystom to the wurrounding (low of work doswe

temperature, T )
So, Kelvin ntatoment of socond law of l-—-m-

thermodynnmics given nn Hink ot
higth teenp T

AT

It in imponsible for n eyelie procosn thnt the hoat

of reservoir, completely converted into work without
tranafering it from hotter body to colder hody iy, 24, Converslon of heat into
' worlt
Or
It is impoasible to convert heat completely into [Wurﬁ_}--# ->—-| Heat |’I';
mechanical work without leaving nome effect in the | vy
system or surrounding. | p
Morcover it can be stated an “work can bo converted Y
into heat but the complete conversion of heat into work | “l T
does not occur at all the conditions”. ) “Ml. "y
Figp, 26, Impossibility of

Conversion of heat tolally into
mechanical work

2. Kelvin Planck Statement : In Carnot heat engiine when T, =T, fe., two tlemperatures
are same, the work done in the carnot cycle is zero

where T, =T,
w =10

So, the Kelvin Planck statement of second law given as
It in impossible to construct a perpetual motion machine that work continuously by removal

of heat from thermal reservolr
Or

In Carnot cycle, when n system connected to a single heat reservoir 1o produce positive

amount of work in the surroundings

T | Surrounding
ierma n 3y
heat —Cﬂ%d—* System) —p—3—— Work done

reservoir

Fig. 26 Impossibility fo construct a perpetual molion machine

3. Clausius Statement : In Carnot cycle, the heat engine (HE) can perform work only by

the absorption of heat from a reservoir at higher temperature (T,) and transfer the rcmﬂini'nﬁ
heat (q,) to another rescrvoir at lower temperature (T)) (fig. 27). The heat absorbed by the lower
and work done by

temperature (T,) reservoir is given 8 the difference between heat absorbed




'ENTROPY s

The function entropy came into existence from the work of Carnot
In 1850, the function of state (S) introduced by the Clausiux,

Forareversible Carnot cycle, functioning between tempe ratures T, and T , the efficiency
(nhis mven ns

b Q-9 _ T, - T, o irllluh'lht?lu_l \
Q3 T, source (Ty)
Where, g, is the heat absorbed at temp, T , While g, is the heat lost
isothermally ot temp, T (fig. 30) Q
The above vqunlmn (1) can be written in simplified form (-”E\_}
- g =
“ o T3 % 0
q2 q S— S
‘ or :t'q = ill (2) { Low temp l
Thus, from cquation (2) we have souree (T))
Qrev usothermally . Fig. 30. Absorption and
¢F T T = Constant ...(3) emission of heat
}

So, we conclude that the heat absorbed or lost isothermally and reversibly devided by the
absolute temperature at which heat is absorbed or lost is a constant quantity

For a given svstem

By using SI-conventions we take positive sign for heat absorbed and negative sign for heat
; lost where in equation (2), q,~amount of heat is absorbed and ¢, 15 the amount of heat lost, then
- ®quation becomes

@ _ @
T, Ty
G 9
T, *T =0
But for a cyclic process g # 0
" 718 not a function of state
Thus we have
T 0

'I!
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Entropy Change in Irreversible Process 8

The whole process will be irreversible, if any part of the process is i.rrt-\:{-rlmhlfr*' ‘-::':Illp?so_
total heat lest by the surrounding is q___ (fig 33) This heat is nb:mﬁbodhhts : 1(; \;:.: :lm‘ h;t
. - - T i ¥ -_- r “a( l\. l‘
change in entropy of the system does not depend upon the heat actunlly abso Pengs
upon the heat absorbed reversibly ie q_,

Heat
Jimer

Surrounding }—-b— System

Fig. 33. Heat Lost irreversibly by the surrounding

A
Thus we have
9
Asnm T T . B 1rn‘\'l‘l’ﬁih|u
Suppose, heat (q___) is lost by the surroundings ¢ \{’
isothermally at a temperature T, in infinitesimally smn.tll S M '
steps, then change in entropy of the surroundings will :‘-: /\./l
be given by (fig. 34) . L. Reversible 2
>
35 e = - Volume —>
] Fig. 34. Change in entropy in
Then, the total change in entropy of the system irrcversible process
and surroundings will be given as
AS; ., = AS, 4+ a5 .
ree Quren,
= 7 T -1
Butwe know , &ra reversble process wotk done ism axdn um e
u"ﬂ- - u!arm
First law for a reversible process, can be written as
AEor AU = q,_ - w__ . 2)
When the same process carried out irreversibly, then we have first law
AEoraU =q_ -w__ SR)

But the AE or AU is a function of state . its value is same whether the process is carried

out reversibly or irreversibly. So, from equation (2) and cquation (3) we get

qm - u‘l‘“ = ql"ﬂ g !‘,Im

But we know that

u‘i"l ) wlm"'
Hence we concluded that

qm :’ qll"‘l"f"

Qrev Tirrev

or =

iy T
- ! f— _ Qirrer

T T > 0
On comparing equation (1) by equation (4) we get

AS__ _ + AS ey > 0

.. (4]
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Entropy Change for an Ideal Gas with Change in P,V and T 7

Fr LTI .
Consider, one mole of an ideal gas enclosed in o H. Matog
by .

o | 2 O | =
cylinder fitted with the frictionless piston (fig -i...l The
value of this ideal gas will change with the state variables

' < 1 maoly
such as T, I' and V. Here, we study the varation of ol 1;-:.I:
s . | ' ‘
entropy by taking two varinbles nt one time s ¢ T and \ .
or Pand T

Fig. 42 Gas enclosed in o vesyel
of frictionless piston
1. Entropy ns a function of T and V: Considor, Piston
one mole of an ideal gas that expand reversibly (fig 43)
Acc. to first Inw of thermodynnmics we have the ecquation

dq, = dU-aw (1) 5

4 lill'n]
if work done is the work of expansion, then for s
an infinitesimnl increase in volume (dV) agninst the
pressure (P), we have Fig. 43, Qay enclosed jp o

AW = PV Vessel of Friotion lesy Piston

Put the value of - dw in cquation (1), we got equation (2)

dq,. = dU 4 pdv
il dg, . is the nmount of heat given (o the sy

‘ | . stem isothermplly
lemperature, T, the tncrease in entropy of gas is g

‘ nnd roversibly ot

ven by
dqrrl-

ds = '—;i; N

On substituting the value ofdq,_ in cquation (3) we et

_d Us Pyv

ffS B e——— ——
i T

On rearranging we got,

TdS = 4qu Pd
But we know that LY

du
v " dT (for one, moloe ol ideal §

dd dU = CUQ‘T

(C,~Molar heat capacity at congtant volumg)

(3

a4

i

i

ma!

(5



IMPORTANT QUESTIONS WITH ANSWER

—
.

1. Derive the formulan = .
qs |
Or

State and describe Carnot's cycle. Derive the mathematienl expression for the

w  Ty-"T
10

cfficiency of a reversible heat engine.,
A process in which a system when subjected to suceessive changes

Ans. Carnot's cycle :
returns back to original state. Such type of process is ealled as a evelie process

Carnot chose a reversible hypothetical heat engine for ealculation of efficiency. 1t consists

of four steps applied successively on hypothetical heat engine.
Step-1: One mole of ideal gas (volume = V) after absorbing heat q, from heat reservoirat

temperature T, is allowed to expand isothermally and reversibally to volume V,.



WI{ donuv in glven by | )

V.
~W, = RT,n (,‘f [AU = 0 for isothermal expansion)

nd L In equal to g, tho heat nbsorhed
n
A
qy = --wl = [{']"2 In 2 v
Vi

.11 1 In second stop, the gas expands ndinbatically and reversibly to volume V, the

it,:lr:pmlum docrenses from Ty to T,
The work done in given by the expression
-W, = CV(Tn'TI] g = 0 from 1st law of
thermodynamics and AU = -W,
‘WQ = "CV(T] = T;) ,.(i1)

Btop-IT} Tho gos is again subjected to isothermal reversible expansion nt temperature
7, and tho volumo docroasos from Vy to V.. According to convention q, will be negative
and W, the work done will be positive.

vl
Then ~@ = Wy=RT, Iny, (i)

Step-T1V : Again the gaa in subjected to ndiabatic reversible compression till the original
volume V| is nttained and the temperature rises from T, to T,. According to convention
the work done in positive. So
W, = Gy(T-T) Aiv)
Net work done i.e., W is given as
W= (-W)4 (-Wo)+ Wy + W,

A/ ] Vs
= RTyIny - CyT,=T)+ RTyIn g, + CylTy-T))
V, Vy
= RT,In "T“ ~RT,In V_:l (V)
For adinbatic steps it follows T A
V2 Vs
‘rI = v" T A -\
. Yoo N el S
o Vi = VW 2
Substituting in cqn. (v) E B
V. v, &
2 1 »
W = RT, In?? + RT, In‘\Tz' Volume ——
V. v Fig. : Carnot cycles
= RT,In—% -RT,In—2 drawn across the
A/ V] reversible cycle
= R(T,-T))n %-2- ~(vi)
Fleae 1
Dividing eqn. (vi) by (i)
— T Ye
w  Rm-Tng g,
9% RT, In2 Ty

Vi
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(T2 =Ty )

| T,
All heat engines will have same efficiency when operation are carried out using same hea

reservoirs. So efficiency n

“! = q:

Ty - Ty
Since © 1~ is always less than one. Hence the efficiency is always less than unity
N )

For a reversible Carnot's cycle working between temperature T, and T,.

Q-9 T;-T
Then 21 e 2 I

q2 Tz
q1 T
1-— _ q_-211
or =
q2 Tz
or =, Ty
Q2 - T::
il q2
or -
g2 1
So iq: = constant

And for infinite number of Carnot's cvele

8 =
ZT"O




THIFID LAW OF THEHMODYNAMICS \' 2

Wi l'l[tVl' "h'i'll_\’ lonrmt “”ﬂ' nol 1'}”1”“1! in f'!l'l‘ll']l}’ ol ll}'"i.l'.'lll nnd filll'rlll.l”dinl', in
A8, " A, L.t A8

It vanlue ean bo delormined whother o process procecd spontancounly or not. If the valye

of X8, = 0, the procem will be upontuneoun or irrevernible, il AS, o= 0 the procens will e

apontancoun e thore in oo net change inoaootate of equilibrivm. For the determination of

change in viluon of entropy change, some other state functions nre required which dependy

upon the ntate of nyatom only T'wo nuch funetion are the work function and free energy function

Poartorgndinge

ropresented by A nnd Gorenpectively,
e INternal
Work function (A), (HHolmholtz LN energy

function/Helmholtz froe onorgy) : The work
function nymbolize by nymbol, A Ttis derived from
Goermoen word Arbeit which menn work. (fig. 49)

Itin dofined anmathemnticnlly

A=eU-T8 ~
Whoro Enthalpy—{> IQ

U — Internal energy
S — entropy
T — tempernture
All theso funcetion U, S and T are the function of state i.¢., A is also a state function, it
moeans itn value depend upon the initinl and final stato of the system.
To underatand exactly about the work function (A)
Cmmitlnr n process proceed isothermally at temperature, T
A, U and S; are the values of these three function in initinl state while, A, U, and §, arc
the values nf lht'm- three state function in final state

Then we have

—_— A <= Work done

Fig, 49. Work function and internal energy

U, - TS, (in initial state)

A
U,- TS, (in final state)

A,

n

-




_ s 90U i (Semester-iV)] | a5
mf“‘urk function is given by

hang?
- r-h"'.t

. A-A = llll-'l‘}-;:;_ "“,-T-Sll | 4"
A=A = (U, - U)- T[S: -S))
of AN = AU -TaS
(n
A
m:ﬂ";‘_ change in internal energy
A : change in untrnpy of the Svstem at n “‘mm‘rnturr, T
-“ —
oversible process that proceed at a temperature, T and heat is absorbed is g then
For & rov
TALY
ol _ 9re
= T (2

, we know, the cquation of first law for a isothermal
ul ¥

B AU = q_ +w

and reversible process i«

L=

when work is done by the system, it is taken as negative (
We have

-tw)

AU = 9. —w_

=au ‘:] l
On substituting the value of AS and AU from equation (2) and cquation (3) into equation (1),
wt CT‘

AN

(q,,.,-w_ )- Trev

T

-AA = w

mEn

Thue, from this equation we conclude, that decrease in work function (

A) represents the
zmmum work that can be done by the system Therefore the function, A

Ives its name as the
wrrk function or the Helmholtz free energy.
Giob's Free Energy Internal
The Gibb's f bolised by th o
e (ibb’s free energy symbolise v the . - )
7280, G Itis defined as (fig. 50) ’ 8§ §-Giblisfree

COOTRY
G =H-TS :
H — enthalpy of the system
S — entropy of the system
T — Temperature of Enthalpy— H
the system
!__“T?:tsc three functions, H, S and T are the
*,.I: _l?f state, Hm‘rc!'uru G is also a state
i he value of G depends upon the initial
l: *late of the system.
G H and o
Fate fuy (fw “‘ and bl are the st
Ation for fing) st
‘erefore the equ

Where

Fig. 50. Gibbs free energy and
internal energy

ate function for initial state of the system G,. H, and §, are the
Ate of the system where, T is kept constant for an isothermal processes
ation for initial and final state can be written as

G, = H, - TS, (in initial state)
G, = H,- TS, (in final state)



The change in Gibb's free energy is given as

G,-G, = (H,-TS,)- (H -TS))
= (H,-H)-T(§,-5)
AG = AH-TAS

Where.
AG = G, - G, is the change in free energy
AH = H, - H, change in enthalpy
AS = 8§, - S, change in entropy of the system

e e —




i —rF \S.xT 4| 1&"“ -
/_/.o;‘:,ﬁ;lmhﬂ'“ Function (Work Function) With, T and y Vi | @
w™ |

functien is reiated by the quation

=~ 6
. AsU-Ts O )
tion, we get the equation (7, LA
#Wm dA = dU - TEIS--E:!T - r{\‘mf}-u.-f" ‘w ____‘-'Q;.',
tien of entropy change we have, ) -
py (e defind 3o Fig 52 Variation of A
ds = Tm TUA T and Vv
l',.
from the first law oﬁhcrmod;mlmi:nh;n
'd &?- = d-['._et: ‘
work Is restricted to t - el
W‘;ﬁ'n c*wtdnm“ mrmﬁgm-pmm
‘t.l'w —&'.(' = Pd\'

tewrﬂmaf&rfmmM‘daum'.‘:?inmﬁmiql_ :

: W £t equation (§)
Eq_- = 1]'1 - P-—ﬂ' tm
5 uting the value of equation (4, 18 equation (3) we gt

as G'L«TPd\
TdS = dU . pgv
Wlhi;ﬂlucufequalicnlTimcquabm*Z#,wcm

dA = dU-dU-pgv. 84T
dA = - PdV - sgT 8
© If process is isothermal, s e, temperature is kept constany dT = 0. then the equatsen
(8) reduce to | - o

-

ik
AL = (-PdVyor 5| =-p

9
@ Ifprocess is isochoric ie volume is kept Constant, dV = 0, then the g
ta

RLM (R redpey

(dA) = —(84T),
FA
2) - s
The equation (9) and equation (10) give the variation of work function with volume and
ru-m change in work function for a complete process under isothermal conditions can be
“Xied pg
Fer - : = Ia mtaal
= ?“‘l:;ij’ma!wnd:uon of an infinitesimal change, Inual (¢ l;;_ e
Vition Wntten as : s‘lalo\ ;-‘\
- (AL = -PdV _ (12) (V) Ty = Ty (A Fo
Mm‘;ﬁ function (A,) in the initial state and - 3
Yo iy v to#') in the final state when the change in Lyt~ Pl
!ag,m;' :'lfﬂnsmnllcmpcmlumlﬁg.fﬂlthm‘ Fig. 53: Variati l;:;;.n-f
R “Juation (12), the change in work function sl oo ow
Cven by work funclion with relzme



(AA), = - jpﬂ'v . (12)
1

For ane mole of an ideal gas we have
PV = aRT
nRT
Vv

RT
P=—V*

Substitute the value of P in equation (13), we get

)
RT
(8A), f: v

P = (n=1)

v,
or (AA), = - RTIn '\}:
For n moles of gas
V, [ \Y ‘
= - e B 1 —g- —3
(AA), nRT In v, l ut nRT In v, w..“J
(AA), = - W

T L




CRITERIA FOR SPONTANEITY (FEASIBILITY) FOR A PROCESS | )&

The net change in entropy for combined syatem and surroundings can servo s the eriterin
for spontaineity of a process. We know very well that

ll] If .\bw = .\Sl + AS - > 0 the procoss ia ulmnlnnmnw or irreversible

() IfaS_ =aS___ 448 -« = 0 the process is in a stato of equilibrium or reversiblo

The net result of these two parameters are

1
i

AS + AS

el

0 (0

vareuend agey =
Where the sign ‘greater than' refers to n spontancous or irreversible process while the
sign ‘equal to' refers to a state of equilibrium or reversible proceas

The other thermodynamics varinbles such as H, A, U and G nlso responsible for spontaincity
of a process These vanables may be derived as follows

For an infinitesimal process, the above criteria may be written ns
AS____ + AS 0 .(2)

=
b rurrmaestingy S~

Where,
> Stands for irreversible process
= Stands for reversible process

Let, heat (8q) is lost by the surrounding isothermally and reversibly at temperature, T
then we have

0q vy
ds i (3)

varrvand.oge T

From the first law of thermodynamics, we have

49, = dU+ PdV (1)
On substituting the value of equation (4) in equation (3) we got
dU + PdV
dS B - . (H)
rerrecsdingy T

Substitute the value of equation (5) in equation (2) we got

dU + PdV
d'Sm_— _’F—_ =0



" or TdS-dU + PdV = 0

19 o

.. @)
In this cquation sign ‘greater than' (>) refers to spontancous process while 8IgN ‘equal 1y

(=) refers to a reversible process The equation (6) is the basic equation leading to a number f
criteria for predicting the spontaineity of a process, that may be deduced as follows -

(i) Interm of change in entropy of the : -
system : If the internal energy (U) and volume

(V) of a system are kept eonstant in an isothermal
process we have (fig. 56).

l TdS = dU + PdV

dU=0anddV = 0

Then the equation (6) reduce to
(Td8),, = 0
dS),, = 0

ar

Fig. 66. Change in centropy at
Where,

Constant U, Vand T

the sign (>) used for irreversible process
the sign (=) used for reversible process

While the subscripts U and V indicate the constancy of these properties
(ii) In term of change in internal

energy of the system : 1f the entropy and the
volume of the system are kept constant (Fig 57) N
dS=0anddV =0 Initial

state
On substituting the value of dS and dVin
equation (6), it reduce Lo

&)=
0> (dU), . .
Fip, 57, Change in Internal Energy
or (‘u‘U]5 .= 0 atl Constant S and V

Where, the sign (<) stands for irreversible process the sign (=) stands for reversible process
while the subscripts S and V indicate the constancy of these properties.

(iii) Criterin in term of change in
enthalpy : By definition the ex

pression for s_l,):(:_h\
enthalpy is given as
H=U4+PV  Initial H, }¢— Fina!
On differentiation this equation becomes alate

statr
dH = dU 4 PdV + Vdp h%f
or dU + PdV = dH - Vdp
Substitue the value of dU + PqV In cquation (6), we get Fig. 58. Change in enthalpy
TdS » dH - VdP al constant Pand S
If the entropy and pressure of tho system are kept constant (fig. 58)
dS =0 and dP = 0 s0, that we have
0> (dH),,
(d’H)M, <0

where, the sign (<) refers Lo the irrev
process, while the subscripts S and P indj

cible
ersible process while sign (=) refers to the reserst
cate the constancy of these properties




(iv) In term of Change in work function of the system : By definition, the expression
for wark function (A) given an D
A« U-TH 2
On differentiation this equation becomens
dA = dl) - SdT - dA
On substituting this value in cquatian (5) it becomes
d) H_d,l, dA = U+ Pefy ﬁi_l/}‘_ﬁ,.'
BdT -dA » PdV 2 =t
SdT 4+ dA = — PdV

|n|ti.'|l'—>'./\,p'&:l)——)—/;‘s_ 7~ Final
>

[f the volume and temperature of the state e
.
system kept constant (figg. 59) |
l f ' m - (fl} = ﬁ_?_n
dT = 0and dVe=0 g’ "
So, that we have the equation Fig. 50. Change in Worl

function at constant Vad T
l‘dﬂ.?] v =0

Where, the sign (<) refers to the irreversible process while gign (=) refers to the reversible
process. While the subscripts T and V indicate the constancy of these properties

(v) Interm of change in free energy : By definition, the expression for change in frec

energy given as

Further H & s Py
Therefore G=U4+PV-TS

On differentintion this equation we pet
dG = dU 4+ PdV 4+ VdP - TdS - SdT
or dE 4 PdV = dG - VdP + TdS + SdT

On substituting the value in equation (6) we get

TdS = dG-VdP + 148 4 SdT
0 > dG-VdP 4+ SdT

or dG-VdP + 8dT < 0
If the temperature and pressure are kept
constant (fig. 6O) Initial— o Final
dP =0 and dT = 0 then we have state state
(dG),, = 0 (Py)=(P,
Where, the sign (<) refers to irreversible Fig. 60. Change in free energy al
ireeaswhile sign (=) refers Lo reversible process. constant T and P

Thesubiseripts Pand T indicate the constancy of
tese properties,

The Criterion in term of change in free energy is most signficant because most of the
!;:"’""" proceed at constant pressure and constant temperature. The value of AG determines,

"”I_ﬂr the process is spontancous or non spontaneous,

'” Ilthe tdG), |, < 0, the process is spontancous or irreversible.

“” M the ld(}lm, = (), the process is reversible or is in equilibrium.

0 1F the (dG),, > 0, the process is non spontancous i.c. does not occur at al



- s

Maxwell Relationships

The various expression that relates the enthalpy
(H), internal energy (U), Helmhotlz free energy (A) and
Gibb's free energy (G) with the entropy and
thermodynamics variables like T, P and V are given as
(fig.61)

dU = TdS-PdV .. (1)
dH = TdS -VdP =12}
Fig. 61: Relation
dA = - SdT— Pdv - (3) be‘w“n U, A., G cde
dG = -SdT-VdP .. (4) withS, P, Vand T
For constant volume i.e. dV = 0, the equation (1) becomes
dU = TdS
(%)
or S), = T - (5)
For constant value of entropy i.e. dS = 0, the equation (1) becomes
dU = -PdV
)
V) =-F -6)

On differentiating, the equation (5) w.r.t. V i - - _
thie akpréasion g q )w.r » keeping entropy constant ie. ¢S = 0, we get

3*U _ [g’[]
3SxaV ~ \aV)g

On differentiating, the equation (6) w.r.t S, keeping vol ' =
expression » Keeping volume constanti.e. dV = 0, we get the

(T)

o’U (ap]
= _(®
v

3V x 38 aS




for €07

For

On diffe

Ym\rim equation (8) we get
comP
oo

pant value of p

di"{"ﬂ'ﬂti
e et 1he expre

ﬂ':ﬂ. we get

22

#), - - (%)
aV)g © T \aS)y . (9)

ressure .e. dP = 0 the equation (2) becomes

)
aS/lp T T (10)

o of entropy i.e. dS=0 the equation (2) becomes

s
P = V (1N

ating, the equation (10) w.r.t. pressure, keeping entropy constant ie.,dS=0

g810N
o*H ( E".T)
aSxap  \dPJg
rentinting, the equation (11) w.r.t entropy, keeping the pressure constant ie

the expression

a’H (ﬂ ]
P % aS - \dS P

- (12}

. (13)

On comparing the equation (12) with equation (13) we get

&
aPJ)y = \aS)y

Similarly, by applying the same nbov

(t)we get the following expression
Expression for equation (3) is

-.(14)

¢ mentioned procedure for equation (3) and equation

=), - )
3V . = ‘-(r v (15)
and expression for equation (4) is
ERE
3, = -l _(18)
The expression (9), (14), (16) and (16) are called as maxwell's relationships
Other set of Maxwell's relationship can be derived arc given as.
Expression from equation (1) and (2)
(51_1) g_(?_l_f_ an
Expression from equations (1) and (3)
_.(18)

(%), - &)
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4,

cations of Gibb’s Helmholtz equation 23

The equation (10) i.e. Gibb's Helmholtz equation can be applied to calculate change in
enthalpy AH or AU when AG or AA at two different temperature are given

If the speed or rate of change of free energy with temperature remains practically
constant, the known value of AG at a given temperature can be helpful in calculating
the value at other temperature.

The equation can be used to calculate the e.m f. of reversible cells, It was shown by

Gibb's and Helmholtz that the electrical energy produced in a reversible electro

chemical cell was equal {o decrease in free energy (-AG). The equation for this is
-AG = nFE

Where

E - EMF of the cell

n — number of electron lost or gained by the electrode

F - Faradays constant i.e. (1 F = 96500C)

Substitute the value of (AG) from equation (13) into equation (10) we get

d(—-nFU)
-nFE = AH+ T T 'p
adU
or nFE = —AH + T nF ﬁp
Where,
U "
(‘(ﬁ{) represents the temperature coefficient of the e.m f.
P

i.e. rate of change of EMF with temperature at constant pressure

By using this equation, the value of AH can be calcul-fated by knowing the value of
temperature coefficient of the cell, if U is known and vice-versa.

The equations like Van't Hoff equation and Clausius clapeyron equation can be dEd“Cti



;1. Explain the concept of Helmhotz function(A) and its significance. _— o7 V
Ans. Helmhot2 function (work function)
: It is represented A and is defined as
A=U-TS W
U = Internal energy
S = Entropy
and T 1s the temperature in Kelvin
Physical significance : Suppose a system changes from state-I to state-I1 at constant

temperature
I -1
Ay A,
A, = Work function of state-]

A, = Work function of state-11
According to definition of work function
A, = U, -TS, (i)
.*'\2 = U: - TSE (111)
Change in work function is given by subtracting eqn. (i) from (i1)
A,- Ay = Uy,- U, -T(S,-§))
AA = AU-TaS iv)
(AU = Change in internal energy and
AS = Change in entropy]
According to definition of entropy

_ ql’t"{.
AS = T
or TAS = g, (v)
From 1st law of thermodynamics
Qe = AU + “.r:*.n (vi)
Substituting the value of q,_, in egn. (vi)
TAS = AU + W___
-W_,, = AU-TaS .
-W_,, = 4A [According to relationship AA = AU - TAS

As useful work done can never be negative
So W_,, = -0A

sc k is done by the system

Hence larger the decrease in work function maximum wor -|
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78 I LAXM namics. How this law help in dm
o of

- Iy
o State the third law of thermoc 'y

1 absolute entropy of n substance from hca;tu?ln ?::-‘['[E:jh. ——

Ans. Third law=At absolute zero temp, entropy © 1 stance ) uu":n
as Iero ‘ ‘ |
Calculation of nbsolute entropy of u substance from heat eapacity : wiy, "
of third Inw of thermodynamics absolute values of entropies can be delermined_
Infinitesinual change'in entropy 15 given a8

dq

"‘lh!‘:lp

dsS = 5%
T i 1l . A [”
From the defination of heat capacity nt constant pressure f.¢., Cp is given ag

dq C. dT
. = d
T O =% i)

Gy
Substituting dq in eqn. (i)
dT
So entropy change ena be obtained when temperature changes from 0K to Particyly

temperature T

S-5 T=T \
ds _ | de—,]:]~
$-Sy T<0
T
.. dT
or S-8§, = J.(,p?
0
S = Entropy al temperature T |
and S, = Entropy at 0K |
According to third law of thermodynamics
SU = 0
1h
dT |
Then S = ICP‘? i
0 I
T
or S; = ICF‘””T . Aiii)
- A

The eqn. (iii) is clevated by plotting a graph between l
CpusdinTi.e., Cpuvs 2303 logT 1.
and then by measuring the area under the curveand ¢ '
Cp is almost constant in the temperature 0 - Tk range,

the eqn. (ii1) reduces to

S = CpinT=2303CplogT
(This 1s valid for solid only)

When the substance undergoes phase change i.¢., solid

to liquid to gas and taking the value of entropy of | :
crystalline solid as zero, then entropy S is obtained by —> LogT '-

adding the different changes

Ty m T
dT  AH,, J* dT My [eim® |
B & J‘CP{S]—E;-*"’Eﬂ—i Cp”)-ﬁ‘—-f Tb "j PE T

0 T Ty

m

—4
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where T, = melting point '_.)9@
AN = latent heat of melting .
Ty, = boiling point
AL, = Jatent heot of vapouristion

T = Temperature
When the substance is solid and entropy in to he caleulated st o particular lemperature
say 208K, then for all the above stepn, values are determined and added o pet the
required result,
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 ELECTRO CHEMISTRY

Redox Reactions

Oxidation and reduction reactions are called as Redox
reaction. Oxidation 18 a process, by which a substance loss one
or more clectrons while reduction is a process by which a
(fig-1) substance gain onc or more electrons. In Redox reactions,
clectrons are transferred from one substance 1o other substance.
The substance which can give its one or more electrons to other
substance is called as reducing agent or reductant while the
substance which aquires one or more electrons from the other
substance is called as oxidising agent or oxidant, simply we can
say, reducing agent is a subsiance that reduce other and itself
get oxidised, while oxidising agent is a substance that oxidise
other and itself get reduced.

Consider, a reaction between Zinc and copper sulphate solution, occuring in a beaker.

Reduction

Fig. 1: Redox Reaction

Reduetion:goin of 2¢”

1

r

24 24 0
Zn(s)t CuSO,(ag)—— ZnSO,(ag)+ Culs)
0

n __. Zn rod
' ) diss.
Oxidation-loss of 26~ l
In this reaction the element zinc loses electrons and get  |--¥-2-2-
oxidised while Cu?* ions from CuSO, solution gain electrons and [ zﬁ T By CuSO
Iy X 4
3 Cu

iy l_-"u:r':rtr-t': -

get reduced. Thus, element zinc act as reducing agent and Cu?!
ions act as oxidising agent.
In this reaction, the size of zinc rod get decreased while  Fig. 2: Dissolution of Zn
and formation of Cu

precipitate of solid copper get formed. (fig.-2.)
Here, we will study how the chemical energy of a redox reactions can be converted into

electrical form of energy. The redox reactions are of two types.

(85)
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1. Direct Hedox Heaction : These are
types of redox reactions that proceed in a single
beaker, it is noticed that the solution becomes
hot

For example When a rod of zinc is placed
in a solution of copper sulphate, the solution is
found o become hot as the reaction procecd
(fig-3) :

Zn(s) 4+ CuSO, (ay) —+2ZnS0,(2g) + Cufs) AT

The gimilar cbservation is obtained when

a rod of copper is placed in a soluticn of silver Fig. 3: Direct Rege, Pe
nitrate. (fig-4) T action
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Fig. 4: Direct Redox reaction betfuween Cu and AgNO.,

LMTE)
Conclusion : From theee observation it was concluded that whers

) : - . : action Pruteed
In a single beaker, the chemical cnergy in the form of heat ENeTEy 15 produced

Culg)+ 2.‘5:[::\'():‘9(;}—0 Cu(.‘JO::: lag)= 24~

Indirect Redox reaction orElectrochemical cell or Galvanic cell or voltaic cey

WITE are czlled

When a redox reactions proceed in two seperate beakers connecied bva
indirect redox reaction The indirect redox method converts chemi
form of encrgy. Thus, a device that used to convert the chen
electrical form of energy is called as clectrochemiceal cell or

The clectrochemical cell aleo called as Galvanic cells or voltaic cells. in the honous of nz—s

of scientist Luigi Galvani (1780) and Alessandro Volta (1800) who were fire: 10 p e e—
experiments

cal form of €Ny Into electrrs]
neal energy of a redox reaction e
chemical cel)

.

To explain the working of clectrochemical cell with the help of following examples
(i) Redox reaction between Zinc and copper sulphate :
The reaction between Zn and CuSO, solution given as
Zn(s)+ CuS0, (ag) -» ZnS0, (ag)+ Cu
or
Zn 4+ Cu® — Zn? 4 Cy

In this electrochemical cell, a rod of zinc is placed in a solution of zinc sulpha%_i _J
beaker and a rod of copper is placed in a solution of copper sulphate in another beaker 15
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Conventional
(—2- current
200 - K ®
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4 CuS0,
4~ SOI,

R Movement of calions Cathode
Zn — Zn? 4 9

T Cu?t 4 207 o Cu
<Movement of aniong

Fig. 5. Electrochemical cell based on the redox reaction

Zn 4 CuS0O

(1) The zinc electrode at which 0Xi
electrode at which reduction tg

4+ ——> ZnS0, + Cu

dation takes place is called anode while the

copper
kes place is called cathode. The reaction taking place
at the anode and cathode are given as
At anode — Zn - Zn? 4 9~ oxidation half ren
At Cathode —

Cu?* + 2¢- 5 Cu reduction half ron

Zn 4 Cu?4 — Zn2+ 4 Cu
The reaction of anode is called oxidatio
is reduction half reaction.
called overall reaction,

() The electrons are produced at the zine electrode, being negative charge on ¢ | it is
designated as negative pole. The other electrode (Cu) act as positive pole because it
aquires negative charge (clectron deficient),

(iii) The elecirons flow from negat
current is said 1o flow

(iv) The oxidation of zinc produce excess of zinc
copper ion of CuSO0, solution to copper atom |
in the right beaker, To maintain the
beakers. Salt bridge play role, and to complete the

(v) As the reaction proceed, the copper from CuS0, solution is deposited on the copper
electrode. So, conc, of copper sulphate solutign decreases. Consequently, current
carrying tendency also decreases with the passage of time,

(Vi) As the cell works, the weight of zinc rod decrense and weight of copper rod increase.
The cell based on the above reaction is commonly called ag Danicll cell. A pu[TIU_lnlr
form of cell, (fig-6) in which salt bridge is replaced by the porous pot through which

80,% ions migrates from CuS0, (aq) to ZnSO0, (aq)

overall reaction

and the reaction at the Cathode
dding these two half reactions js

n half reaction
The reaction obtained by a

ive pole to positive

pole, in the external cireuit whle
in opposite direction (conve

ntional direction.)
1015 in the left beaker
caves the excess of sy|
clectrical balance betw

and reduction of
phate 1ons (SO )

een the solution of twao
inner cireuit.



n electrochemical cell and electrolytic cell ?_q

Difference betwee
The difference between clectrochemical

and electrolytic cell given as -

_‘\\

I Electrochemical cell

Electrolytic cell

1. A device that convert chemical form of
energy into electrical form of energy.

2. Itisan example of spontancous reaction
for the production of electrical form of

energy

3. Two seperate beakers are taken, which
are connccied via salt bridge

4. Anode is positively charged and cathode
is negatively charged.

5. Migration of electrons occur from anode

to cathode in the external circuit.

pl

A device that convert electrieg) form o
energy into chemical from of energy '

It is an example of nun-.laplm'!llrm;-;mt
redox reaction and electrical form U_f
energy is required for the reactjpy to
occur.

Both the electrodes are placed ip the
same solution of electrolyvte,

Anode is positively charged and Cathoge
is negatively charged.

Migration of electrons takes place
through the cathode to anode. These
clectrons are supplied by the external

source L.e. battery.




Ropresentation of an Electrochemical Cell

given ns |

—=0

The following conventions are used to represent an eleetrochemical cell. These conventions

(i) An Electrochemical eell is represented by writing anode (oxidation) on the left hand

side (LHS) and cathode (reduction) on the right hand side (RHS).

oxidation

For simplicity use formula
It

L.H.S. < R.H.S.

R

|

Iteduction

lJ

l

Reduction  Right  Oxidation Lell

(ii) The anode of the electrochemical cell represented by the symbol of an element along

with there phase (solid, liquid or gas) in the brackett and then followed the symbol of
cation of the electrolyte while the cathode of electrochemical cell represented by writing
the symbol of anion first followed by the symbol of metal or element along with there
phase (solid, liquid or gas). The metal and their ion seperated either by semicolan ar
by vertical line (that give information about the boundry of beakers.) Similary for
cathode, the metal ion and there metal seperated by a vertical line or semicolon. The
concentration of an electrolyle is also mentioned with in brackett after the cation.

te., For anode,

Zn (s), Zn*(C) or

For cathode

Zn(s) | Zn* (1M)

Cu*(C,); Culs) or  Cu*(IM) |Culs)
3. The sall bridge indicated by tho two vertical lines, which seperate the two half cells.
Ie.,
Zn (s)| Zn*(C))|Cu*(C,), Cu(s)
The pictorial notation of electrochemical cell represented as (fig. 10)
Electrons Flow
© g @
Zn Zn* (1M) Cu® (1M) Cu
anode Anodic Cathodic Anode
Electrolyte Electrolyte

[Oxiduiiun occurs

Salt Bridge

Reduetion occurs |

Fig. 10: Flow diagram for representation of cell

Sometime, negative and positive signs are shown on the clectrodes that represents the
loss of clectrons (-ve sign) by the anode and gain of eleetrons (4 ve sign) by the cathode. These
signs give information about the movements of electrons from anode Lo cathode in the external
circuil, on the other hand current moves in opposite conventional direction.



mntinl or EMF of a Coll

resull inthe .
in volts (fig. 16).
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Fig 16: Flow of e- from ane electrode to other

or

The force which responsible for flow of electrons from one electrode to other electrode and
flow of current is called electromotive forco. ILis represented by E M F, and mensured

It may also defined as the difference in potentials between two electrodes which causes the
current to flow from an electrode at higher potential 1o an electrode at lower potential If the
EMF determined at a temperature of 25°C, the EMF is standard EMTF.

Mecasurement of EMF . The EMF of a cell can be measured by connecting two electrodes
to n voltmeter, the voltage or potential difference can be read directly from the voltmeter But,

this methed suffer from the following limitations.

1.

internal resistance of the cell.

Some current drawn by the veltmeter of the cell. . emf of the cell get changed
2. Due to appreciable flow of current a part of e m f will be utilized to overcome the

These objections can be overcome by using potentiometric method is based upon principle
of poggendroflf compensation. This principle help in determination of accurate value of e m.f of
the cell. In this method, unknown value of e.m.f. opposed by another known value of em.f,

until these two are equal.

The principle involved in the
determination of emf or the cell may be
explained as. Its simple represeniation made
up of a stretched wire AB of unmiform
thickness a standard cell, S, whose EMF is
known. It is connected to the end of wire A
and B. X is a cell whose EMF is to be
determined. One end of the cell, X is
connected to the end A and the other end to
the sliding jockey (J) through the
galvanometer (G) in such a manner that it
sends EMF in a direction opposite to that of
the standard cell(s). The jockey is moved
along the stretched wire AB, till at a particular
point-C, no deflection is observed in the
galvanometer. (Fig.—17) At the null point

L w

Ae

=A% (G) _/
] ©)
Fig 17: Poggendroffs compr.'; ;;ﬁan

method for measuring E
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method should follows the conpdhitiony
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(i) The strotehed wire (AT should be vmlon

W A » higeh
(i) The sensitivity of palvanometer should b hiy

Alternntively, The fullowing arrangement dincussed nn | |

DA cell 8YStorage battery) whose voltage preater than that ol :.'lm.ulunl l‘il'”, S or thag ¢f
experimental eell, N s connected to the ends A mul.H of !h:' ml rlvlrllt'ti unilorm wire AL ‘f”' the
vartable resistanee, B The dackey s fived at aopomnt, G on inserted key at point, o S, i
standord cell S sin the arenit The resistance, R s adjusted Gl there in no deflection in 1,

palvanometer, G (fig-18) Thus, wo have
lis
Es-EMF of the'standard eell. Now,
remove the Key from position a, and
insert key at point, & So, the
experimental eell, Nisin the cireuit. The
Jockey Fmoved along the wire A3 ()l
ho deflection is obsorved in (he
palvanometer Suppose that null point
15 C Then we have
Ex < lenpth AC,
Ev - Unknown EMF
Ex  length AC
Es — lenpth AQ

Et = _ll'_ll_x;th_:\(? o [0
lenpth ACT

or
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Fig. 18: Potentiometor method for
measurement of EMF
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Wotaon coll in mndo up of H-shoped gloss vessel Tt one limb contain mereury, covered 38
ith o pasto of mereurous sulphato (Hg SO ,) and mercury (Hg). This limb act as anode while the
wﬂ,pr limb contain cadmium amnlgam i e 1213 % Cd by weight covered with crystals of golid
ng'-"ﬂ} 81,0 and then with saturated CdSQO, salution This limb gencrally act as cathode (g, 19)
ke L]

A platinum wire is senled nt the bottom of ench tube. The limbs are closed finnlly with cork and
gonling wax. The erystal of 3CASO . 81

.0 alwoya keep the solution of CdS0,, saturated at all the
femperntures The EMEF of this coll in
usually 10186 volt at 16°C, 1.01830 volta
at 20°C and 1.0181 voltant 26°C. The EMT
of the colls are alightly varies with
temperature. Thin cell can give constant
yalue of their emf for n number of years.

The reactions taking place in the cell are
ns follown

at anodoe Hy + 11,80,

Senlingt wax

B ...

— Suturated
ey T T Cd50, Sal

=
=
XS

—
l]!lll.ll:‘
RO
g g

-'llllll'ill

Il.-\lllll.

N

" |

Il|1lll|'lI
|||I'|II'III1II

L

'I.'ll'lll..

Cd+ 8077 —— CdSO, + 26

- CdSO 81,0
nt enthode

&
'3",',},.- Co Amalpgam
% Pt Wire
A

O

'-‘!rfll
ot 0 AT B N ]

Hy:
Hz, S0+ 267 —= 2l SO PL Wiro—
completo renction Ias

Cd + Hg, SO, —— CdSO, + 211y

Reversible and Irreversible Cell Fig. 19: Weston standard cell

According to thermodynamies, a reversible process is that process in which driving force is
infinitesimally different from the opposing force and that can be
infinitesimally greater than the force already acting or

reversed by applying force
so that, the cell reaction always remain in o state of

the cell sends infinitesimally small current
cquilibrium,
A reversible cell must fulfils the following conditions These are -

(i) If an opposing emf (applicd from out side source) is equal to the emf of the cell, then no
current flowing through the circuit and henee no chemical reaction should takes place.
fig. 20 (i)

(i) If opposing emf slightly smaller than the emf of the ccll, an infinitesimally small
amount of current flow through the cell and only a small amount of reaction occur in
the cell fig 20 (ii)

(ii1) It opposing emf sliphtly greater than the emf of the cell, an infinitesimally small

amount of current flow through the cell in opposite direction and small amount of
chemical reactions also occur in opposite direction. [fig-20 (i)

Ammoet®r
Cell Opposing E, E, E, E,
EMF = E, EMF = E,
!f:-‘g:E| :J'JdE] E:?JRIL
(ri) (e}
()

Fip. 20: Concept of reversible cell
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by the cell, ! i snid to be

{ v electrode immersed in a S0 ‘
:;‘Tnt:]m:l;._:-(l,%u]unun are seperated from u::ch ::_tul;lc;:l'lg;t: g // = C
placing one solution in porous pol and other : e T Y t?}:m
in the surrounding vessel (fig.—21) The represen =2 Ly
e :;:E:.':: ::E:% = EZ:::;J Poroy, pot
Zn(s) | ZnSO (ag) C!JSO'{UQ)ICH[S) EZEZE:E '_-;EE-? E-_ s |

The dircecton of arrow indicates the movement of -S-E‘_Q_: :i:fgtf ?;Eg-"’ -?im— .
clectrons/ current through the cell During the passage | :_{i:; ez 5 _'::_Z—;h-‘_r“éjﬁrj;
of current, the Cia* ions deposited on the Cu-clectrode  [-===< _\“‘—""j?"“:"..____ Z;Ié[)‘

Sal

from the solution, while Zinc clectrode start (!issulving
in the solution. The two cell reaction in combined form
| ig. 21 : Daniell cell

18
7Zn + Cu* — Cu + Zn*

In this cell, if emf greater than the emf of the cell is applied, then current flow i
opposite direction and cell reactions 1s reversed. Thus Daniel cell and other electrochemica) )
are reversible only when infinitesimally small amount of current passed and the system remair,
always in a state of equilibrium.

Irreversible Cell : If a cell (electrochemical) donot fulfils the condition of reversibility,
the cell is called as irreversible cell.

Consider a cell, in which a Zine rod and a silver rod dipped in dilute sulphuric acid. When
these rod are connected through the wire, the following reactions have occured i e,

Zn 4 11,80, - ZnSO, + H,

te,in Il}is reaction, the Zine dissolve at one clectrode while H,(g) evolved at the other
electrode (at silver-Ag electrode). However, when cell are connected with the external sourceof
emf which is slightly greater than the emf of the cell, the following reaction occur i e.,

2Ag - 2Ag + o

‘
2H + 9¢" - l-Iztg)(al 7inc clectrode)
the overall reaction is given as

| | 2Ag +2H' - 2 Ag 4 H, (at Zinc)
Th ‘-: rn:ntt;gn indicate, element silver dissolve with the evolution of H (g). The cell not
15 applicad, U ’r .1(!?11':!'_'1':::[._, :Inu:(::‘r}:::_] I[.z"‘tem“] Eme]iglltI}: greater than the emfof the cel
-reversed and cell behave as irreversibly.
Reversible clectrode : The elect rodes of a reversible cell are called ;eversih]c electrodes.

bccau‘;c in rever Siblﬂ Cﬁ” hﬂlfcc I i '1“ ce ca !
v ' " OﬂCl-IUH procce i 1 i g
, A . (.'d In one " react
) ; : ; G : dlrcft]ﬂn ﬂnd Uthcr hc

——
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Emal Series 35
The standard clectrode potential of large number of clectrodes has been determine
Jsing SHE i.c. standard hydrogen electrode as the reference electrode. The clectrode potential
of SHE arbitrary fixed as Zero. IUis convenient to take electrode potential of an c-lr-:t ‘ r?'m
reduction potentinls. The reduction potential of any clectrode can be nhtnin(-cl‘[r::fn ( T i e
P“!cminl by simply {'hmlﬂinf: the sign. . the reduction potential values all the I-lt-rtr::[~.'ﬂwn
arranged in the form ofa series known as electrochemical series This series is i

of clectrode patential nf‘\'nnuu.u clectrodes in an decreasing order of their reduction |
value.” The electrochemical series also known ns activity series . e

with their reduction potential values given in the table—?.

d by

anTarrangement

al
The clectrode potentials along

Electrode _ Electrode reaction E*
(Oxidized form + ne- — Reduced form) =V

F,|F Strongest Fig)+ 2 "

1ot | oxidlzing éf%- _ » ?.t-jaql Weakest 287

H,0,|1.0l__ngent iy > Gt reducing 1.8

Et 1 RE HO,+2H '+ 2 -, 211 agent —
MnO,H* | Mn? 0 = 78

"! »H" | Mn MnO, (s)+ 41 + 20 -, Mn* 4 9H O 1.78
Au* | Au A + 3o 5 A ~ 161

b 2 : 5
I'(';‘Tl'ﬂ({:){4 el MnO/+8H45¢ o Mpee 1H,0 o
CIO * | Clig)+ 2 - O : i

- 11+ Je -

r.U.m, ICF‘ Cr,_,O.‘,- +4H- 4 Ge Cr+, .0 s
0, H- |H,O - 2 1.33
B‘J o 2 £ O,+4H" 4 4¢- - 2H.0 N

1 r
r;- r ‘E[_g Erﬂ“}i- %_ . 2“ "E 1.243
NO~H'|NO 5 ; g S
1t gn N03—+ 411 + 30 o , Ld 1.09
l_[gz. |HJ,’,=‘ -~ hOfg} + 2‘[‘10 < -
- 2Hg + 2¢ = He ) =0 0.97
CJO"C{' g o) : s lg: -E Q9
: .g Clo + 1{20 % 2‘1. -3 CI' i 4] 0.-.-.
He? 1 +20H =
|1g =) Hg? + 20 <= 089
Ag'|Ag S * - He = 055
He.* He O A E |
Fes. |Fer 5 Heve 5 oy B .
e . . ) 79
% Fel* 4 ¢ - Fe 5 e
MHO,'IM:IO . ke 0.8
‘ MnO -+ ¢ - MnO?- &
I:II' By %e- j L 0.56
Cut|Cy o -2 054
Cu” ¢ - Cu )
J\r,'Cil Cu Cu* + 2¢ - Cu e
Cuz-i-l(?q gllre > Ag+Cr
u
C“a. + —) C +
N,'Hr| u
| s w2
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W‘ of Eloctrochomical Sorlos -
(. To determine the relative strengithe of oxidiring and reducing njent
with the help of the netivity rerien, wo can predict the

" |4t It |'|“ idini 13 roegn 1‘i 14! v 1 © 'NCY l(' i“' -
]“"n ¥ il tllR ”I ".‘l‘l"ll”v I]“[l L] I | "- "'“ []1. ll] ll]iﬁ » ‘[ ]“Il' ‘ 1
e I

on, e varlovg nubstanees are neranged in an decerensing (I_ T §

“_[l'ﬂlnl (helr reduction potentinl vanlue. Therefore, the L

“;::".-nl ||.'|n.t'l‘f| on the tap of nctivily nories, possenses the @——)q-_ E.__-)

¢ ‘mtim“'“ value of there reduction potentind, thus hnve slrong _’/

:‘.‘:mlt'lﬂ"“' aecept electronn while the element ploced nt the QD —""Tu -

bottom of the m.'t'l'j‘it:f rorien, possesies lonst value of thero sndency Lo luns e-

peduction potentind, thus have strong tendency to lose Fip. 36 : To compare

cloctronn (g 36). oxidising and reducing
Anpgiven,

powerofan element
(i electrode with high value of reduction potentinl i.e., strong tendency to gain o

lectron

i electrode with low valuo of veduction potentinl i.e less tondoncy to guin electron while

possestes strong tendencey 1o lose clectron,

In the renctivity series, the reduction potentinl value of F (g) is highest 1 e.,4 2 87 V

hos strong tendeney Lo nceept electrons from the others,  act as s rangest oxidising
agent or wenkest reducing agent. On the other hand, the element lithium has Jeast v '

, alue of
there reduction potentinl (<3.05 V). It means, element lithium has least tendency to necont
clectron, while it has strong fendencey to lose electrons

i act as strongest reducing agent
than the others and act as weakest oxidising agent

Conclusion : It has been concluded that a substance which has lower value of electrode
potential nre stronger reducing agent while which has higher value of eleetrode potential are
stronper oxidising agent.

2. To compares the renctivity of metals : 2 36V —
From the series it is l:‘i!ﬂl'.llllll. ”ll"n‘ll'iﬂl mnm which . _(;Ej__ .
having less value of their reduction potential than \ \_\
the other, have stronger tendeney o give clectrans
than the others © found to be more reactive Thus,

for a reactive melals, its reduction potential value
should be low.

Loss of ¢ -

-y ?ﬁ\*ﬁ*\

For example . The reduction potentinl values
of four metals given as (fig. 37)

203V,
@ e Cu :r

Inffn =- 076V Ag /Ay =+ 080V 1

Cu®/Cu = + 0.31 V Mg= /MYy = - 236V

N

> Gainofr- Eﬂ
o+ n.&m’if j‘f
A2
S

Fip. 37: Reaclivities Uf"""""h

The clement My possesses least value of there
reduction potential than (!thl:l'ﬁ‘ have strong
tendency to loss electrons. Hence, found to be more
runctiw:' than others. Thus, from the rcj-ducl:lon
potential data of four clements, the decrasing order
of reactivily given ns

My > Zn> Cu > Az
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|
App[] To detormine the relative strengths of oxidising and reducing ngent.
\‘:'ith the help of thu.n!:tivily serics, we can predict lh.e Tendencey o gain e~
‘ .o strenpths of oxidising and reducing ngents. In this ,/:
[ relative ¢ \ various substances are arrnnged in an decreasing !
| scries, the heir reduction potentinl value. Therefore, the
OI'[[L"r of t'[n‘CC'd on the top of ﬂCti\.’il}' 5(!T'iDH| o 1 g
rlempnt [:vnlue of there reduction potential, thus have strony O
| nm:l|":'1:31" accept electrons while the element placed ot the
| :;’T:t;m of the activity series, possesses least value of there
reduction potential, thus have strong tendency to lose
electrons (Fig. 36).

Tendency to loss e~

Fig. 36: To compare
oxidising and reducing
ol powerofan element
¥ Ay

(i) clectrode with high value of reduction potentinl i.e., strong tendency to gain electron
(i) electrode with low value of reduction potentiali.e less tendency to gain electron while
! possesses strong tendency 1o lose electron.

In the reactivity series, the reduction potential value of F(g) is highest 1.e.,4 2.87V

has strong tendency to accept electrons from the others,
agent or weakest reducing agent. On the other hand, the clement lithium has least value of
there reduction potential (=3.05 V). It means, clement lithium has least tendency to accepl
electron, while 1t has strong tendency to lose electrons. . Li act as strongest reducing agent
than the others and act as weakest oxidising agent.

- act as strongest oxidising

Conclusion * It has been concluded that a substance which has lower v
potential are stronger reducing ag

stronger oxidising agent.

alue of electrode

ent while which has higher value of clectrade potential are

2. To compares the reactivity of metals
From the series it is clear that, the metal atom which
having less value of their reduction potential than
the other, have stronger tendencey ta give electrons
than the others - found to be more reactive. Thus,

for a reactive metals, its reduction potential value
should be low

Loss of ¢~
For example . The reduction potential values

-0 76V \
G
of four metals given as (fig. 37) +0.349V .
C
n*IZn =-0.76 VAg'/Ag =1 080V . ::,}

Cu*/Cu=+4034V Mg®/Ng =- 236V > Gainof v= = (l:j

The element Mg possesses least value of there
reduction potential than others have strong
lendency to loss electrons Hence, found to be more
reaclive than others. Thus, from the reduction

< . s  tat n"".fﬂ".e
potential data of four elements, the decrasing order Slassieaatintics]
of reactivity given as

Mg > Zn>Cu> Ag

- —




concept of activity and activity coofficlont

I

b noted that when wn eleetrolyte is dissolved in wator, the offective concentration

i 3 lation s dilterent then the actunl concentration of ions. This is ’lu-m}lnv uf_lhn

of ipuin Lrdie M‘- :‘. ::11-1- ;nf large number of wns in the solution, the free movoment of ench ions

i tl‘ ”“;[ ::t:‘l. 'll‘lll:l:‘iil.l‘lllll'll’lll tsimilar, i only one swinimor i swimming in n swimming pool, he
pot hindere : e '

has greater degreo of freedom for movowent  than if & numboer of other swimmers are also
LY ; Py
swimming in the saime swimming pool. (lg-42)

One swimmor
/—-———.‘- s no, / _!_ __"_..-
‘ ol 1ons 7 S
N —>
"rve movemont <— A= ___:___ i a
by . <} — e R GeeTT
ix possible — —~—
> A no of swimmeoers
> Larpe no, ¥ i it
A’ ol ions Iy —_——
—_—— L
No Free < e 7.25)
movement B-D B- A —~—— g e

— N
———
e
,-‘_‘—h_.____'__.p'

Fig. 42: Movements ofions (swimmers) in solution
Thus, the effective concentration of nn {on
netivity. The activity of nn ele

or the clectrolyte in o solution is called its
ctrolyte reprosente
with tho actual concentration

d by the lettor ‘a’. The term nctivity (a) related
by the equation

no= oy
where m = molality i.e. number of moles of solute dissolve in
1000 g7 of solvent
Y - aclivity coefficient
a effective cancentration of clectrolyte
or Yy = — T e

m """ nctual concentration of nn electrolyte
Thus, the activity coofficient (y)is defined ns,

Itis tho ratio of effective

concentration to the netunl concentration of the ion or electrolyte
in rolution, It ean be determined experimentally if solution is real

a<m /yel

] . ¥ { lﬂ
the less value of, ¥ due to formation of ion pairs between cations and anions due
clect

. : X s thnn
rostatic forco of attraction, As n result the effective concentration of ions become less th
the actun) concentration (fig. 43,)
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Nernst Equation for EMF of a Cell 3R = =
) x\/-—--\
Nernst equation related with the standard state value of [EviE
EMF of the cell and activity of the species taking part in cell \ -l /
reaction (Fig 44). e
Consider, a general reversible cell reaction (bB) ’";
aA + bB—=—xX + yY _(1) - """/R g o
: . ig. 44 : Relation of EMF
: Jee ‘hemics . e T ene . L.
For n.n clectro chemical cell, the change in free en ey with the activity of
(AG)is related as species

AG = -nFE ...(2)

where
n — number of moles of electrons
F - Faradays of clectricity
E - EMF of the cell

Also, change in free energy related as

AG* = AG*+RTInQ

A3}
where, (AG® = - nFE®, E® standard state EMF of cell)
where Q is the quotient of activities on comparing equation (2) and (3) we have
-nFE = -nFE®* 4+ RTIn Q (4)
Dividing both side of equation by nF
-nFE N -P‘F’E_‘th
nF =~ pF aF
-E = -E°4 Eht Q
nF
RT =)
or E=E— ﬁ:h‘l Q “'

where, Q is the quotient of activity.




" |RREVERSIBLE ELECTRODE PROCESSES 2o
[t is the process of measurement of EMF of the cell when clectric current flowing through

the circuit. The most important irreversible processes are
1. Polarisation 2. Over voltage
1. Polarisation - In a cell containing two reversible electrodes, as the cell operates
the rate of discharge of ions from the solution and rate of their formation are cqual i.e. electrodes
are in state of equilibrium. Hence there is no net flow of current if equilibrium is disturbed. then

current may flow through the cell.
This disturbance of equilibrium associated with the flow of current is called electrode

polarization and the disturbed electrode is said to be polarized. The polarised electrode behave
as irreversible clectrode. During polarisation rate of discharge of ions 15 greater than the rate of
formation of ions or vice versa. Therefore concentration near the electrodes changes, it 15 called
as concentration polarisation. The phenomenon of concentration polarisation explained as
consider, a reversible electrode which is formed by dipping a rod of metal in the solution of its
ions i.e. (M*/M). The reversible electrode possesses a definite value of electrode potental
depending upon the concentration of ions in solution If clectrode generally act as cathode, and
apotential greater than the reversible clectrode potential is applied, then reduction occur at the

cathorn,
Mn*+ne __, M
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; _‘ _m_ ,l_h.l.l.r-m-l-;‘-"h‘ An el cone noar the electrode yot tlm-,,.".,..,l_ i e
L=l .-m:"l |l wion do not migrate towardn the elocteado, thore e fall {n YINE al gy,
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But the cone. of [M] = 1
nr
-] o ’ I'“
I ' o n l ) ]

Wo have 1 ‘" M

2
MM

Similarly, consider that electrode net an anodo, and n potontinl prontor than ity rovorsible
electrode is applicd then oxidation oceur ot the anode. i,

M N e

Hore, M is dissolve and to give metal ions. As o result cone. of motal jons nonr the electrode
increases, ifexcess of these ions do not migrate away from the eleetrode, thon the cone. of motp|
ions increases near thoe electrodoe ns shown by the Nernst equution

RT, [M]

e = 1 smongne ! ki ”M"" '
i = I ~RT [M]
" Mot ]‘M,-Mm *:l;ln [ﬁh?oﬁ]

RT 1

By = By *]F"'mn—-]

Thus, the change in concentration of metal jons around the electrode (t.0., decrense or
increase in cone. of ions) during clectrolysis resulting into change in value of electrode potential
(decrease or increase) than the reversible electrode potentinl value ig enlled concentrution
polarization. The concenration poLarisation, is due to slow migration of ions fi om solution to
the clectrode or from electrode towards the solution. This is supported by the fact that if the
solution is stirred during the cleetrolysis concentration polarisation almost reduce to zero. This
i8 because on stirring the movements of jons increases,




OXYGEN OVER VOLTAGE =

Oxygen overvoltage is the voltage observed when the evolution of oxygen gas start at the
surface of anode in the electrolytic cell I is also called as anodic overvoltage.

It is observed that at anode, oxvgen is evolved at higher potential than the theoretical
value of reversible electrode potential. The value of oxygen over voltage for a few different

anodic materinl at 25°C are given below in table 5.
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1tn
Tolle 5 OxyECH il Anode Ovewnltnge
0"0""’{’";";0 (voltg)
Anode (volts
Copper 042
0.40 . .
i Silvor 0.58
inized Pt _
Is]:::ﬂlh Pt o.;: " Nickel 035
0.
Gold 0.63
Graphite —

g Itage . ,
Applications of Overvoltag thode : Conaider, the clectrolysis of a solutiop oy ),
1. Deposition of metal at the ca al of Zinc and hydrogen clectrodes is —0 76y ang

de potenti  din 2
ZnSO, and 1M 1-125_0‘- mc-clcf::::.inl Eﬂlue for hydrogen m.-unt{;; thn::efli{;] it&:z;rk: Potentyy
D0V Tr.ms i dlSChnarg:lil.:chnrged first as compared to zinc. UWEd show Practice, 4y,
yaiue o8 szchsfihy:cr:i;r:i zinc take place simultancously. because hydrogen show a overvoltay,
liberation of hydro

i teatial of zine electrode.
1ch i se to the reversible po ' |

of 0.70V which '5' very :l:;gtﬂls . Consider, onc molar solution of each of the ;E!;f;uwmg samp

4 a . : : .
: " s.gpergtg;n their reduction potential valves given as + 0‘34\}", 1-?1_] lﬂnd 0 40y
ic C“t'- Ag]y“{;-hp dt;positinn of metals on the basis of there reduction polential, value fo)]oy e
respective , _

de >Cu=~Cd | | |

or r[t;fh re is no deposition of metals, the overvoltage taken into consllderal:uzn Ovef"ﬂllage
can be ndjf:sicd by changing the temperature so that metals have sufficient difference in there
deposition potential . | i

For example : On clectrolysis of ammonical solution of Ni and Zn at 20°C, deposition ¢

both the metals occur simultancously, However, when temperature is 90°C. Ni deposits firg
completely.

3. Dissolution and corrosion of metals : Generally a metal liberates H,, on reaction
with acid, ifits oxidation potential greater than hydrogen.

For exumple - the oxidation potential of lead and zinc is greater than hydrogen ie
+0.13V for Pb, + 0 76V for Zn and €.00V for H, . But actually when these two metals dissolve in
HCI, they do not give H, gas, due to overvoltage of hydrogen i.e. 0.64V for Pb and 0.70V for Zn.

Explaination : Connect a stri
stripsin a solution of dilute acid,
rate of discharging of H, at the
Similar result is oblained

solution of dilute acid.

Generally, it has been observed, when zing contains

whose hydrogen overvoltage is low. Zinc will dissolve and h
noble metal. .. corrosion of zinc takes place.

Similarly, when the less noble metals guch ag Fe and Pb contains impurity of nobler
metals having low hydrogen overvoltage, the metals such as Fe and Pb will dissolve in acid
while H, will be evolved in the nobler metal present ag an impurity. The type of corrosion also
called as hydrogen evolution. .

p of pure zinc with a piece of copper and immerge, both the
the rate of dissolution of zinc increases at the anode. Whereas
cathode (copper), because of overvoltage of Cu which is 0.2V
when Zinc containing copper as an impurity comes in contact with a

as an impurity of any noble metal
ydrogen gas will be liberated at the
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Liquid Junction Potontial and its Calculation 943

In n cell, when two solution of an electrolytes of Qiﬂnrl!pt conccnl.rnliun nlm in cqnl::;r]t wlth
each other, the more concentrated solution tend to diffuse ml.u the dilute so ulllnn i F.d_ﬁt-‘rc t!:
diffusion of ions across the boundary between the two solution of an electrolyte o differen
concentrations. In general, the ions move across the houndnr_\‘ bot\w?-cn the two snlutlpn of an
clectrolyte with different speeds. As a result an electrical double Inyer is produced at the junction

of two layers. This seperation of charge produces a potential difference at the boundary known
as liquid junction potential,

It can nlso be defined as the difference in potentinl set up at the junction of two
solutions due to difference in speed of ions moving across the boundary. (Fig-62)
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Fig. 62: Electrolyte concentration cell with a liquid junction

The E_, is equal to sum of the E, and E and E,
Ervll = EI + El* EJ'

A1)
Where E, and E, nre the electrode potentials of two electrodes
Calculation : Consider the following cell
H, (1 atm) | HC) (a,) | HCl(a,) | H, (1 atm)
The sum of the electrode reactions for the cel] given as
H' (a)) — H- (@)
The sum of two clectrode potential (E, + E,) from Nernst cquation is
u .
El+ E, = —-I%—:Tfﬂ-(-—!{—ll (2)
(ﬂ". ]:
a *
. RT in ( I ]g
T (o)
H"
- RT ml Yo
g E|+E| - —F—ln——_l___'_'...)l (3

(mll'?ll' )l
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The EMF of such ecll mven ne q-

HT MaYy (4)
E =« T —~[n
F ™1
(E = E +FE sFE)
The equation (1) can be written as ”
I : . 5
Fo RS 5 ) E. from equation (3) intn
Substitute the value of E from equation (4) and value of E, + E
equation (5)
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We obtain F' omy, F (m”. Tyye J:
But where (m", ]' = My and [”l"- L =y

and ("f"_ ]? = y,and (‘r”. )I ok |

Hence equation (1) becomes

or = (2 -1) —In—1

Since t+t =1
2A~-1=t+(t -1
b +(=t) =¢- t,

"

. equation (7) takes the form

——
EJ = (1. - l‘,'n-l-{_i[ In f’.ﬁ_}':‘f .
' F MY | ol

The equation (B) gives the liquid junction potentia of the
Junction potentials depends on the (i) the difference betwee
(ii) and the activity of two solutions

cell with transference. The liquid
ntranspart number of an clectrolytes

Note : When speed of cations and anions are same (¢, =t )then liquid junction potential
is equal to zero,
For similar reason, we use the saturated solutions of KCland NH Gl in the salt
bridge. '
Applications :

1. In determination o

f Activity and Activity coceflicient:
transference

Consider a cell, without

H, (1atm) | HClHa), ApClisyAg

Here in this cell the electrode of hydrogen and cleetrode of gilver dipped in HCI solution of
activity,a.
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The nctivity coefficient of HCI calculated as

the cell reaction given as r

5 H,(Latm) + ARCLs) —, Ag@+ B (a,,) 4 CI-(a_)

where (n = 1)

The Nernst cquation for EMF of the cell is

RT 1

E =E* + —In—n—n0_
AN CE
i Y Ger
RT, 1

or E®

astagci * ?in—

a (@=ay =a. )
The activity (a) and molality (m) are related as
= 2
a = m?yj A3)
Putting the value of ‘a’ in equation (2) we obtain
. RT 1
E = ===
EM’MQ 4 F h'l szi
. RT
or E = Eam,cﬁ'?r [tn1-21n my. |
L ] 2
= EM’MC]_ _!%‘I hl m“ft
‘ 2RT
= Epxgngc -—i?-—-ln m-g—?—!n Y.
On rearranging, we get the cquation
2RT . 2RT
[E‘i —F—"—fﬂ m)-EMfw='—'—,F—'In Ts ..{B)
where

Y: - mean activity coefficient for H* and CI- ions in solution

F —— —

e —
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What are the difference between electrolytic and galvanic cells. Give examples. Hé

Ans.

2 |

—

Galvanie cell

Electrolytic cell

\_.'..“I

c

Electricity is produced because
of indirect redox reaction.

The reaction is of spontanecous
nature,

A salt bridge is used to connect
two half cells

In electrochemical cell anode is
negative and cathode is positive
In external circuit electrons
flow from anode to cathode.

In this cell oxidation and reduction
reactions take place in two separate

containers
e 5. Zn - Cu/Cell

Electricity 1s used to bring about
chemical reaction

The chemical reaction is not
spontaneous

No salt bridge 1s required.

In electrolytic cell anode is positive
and cathode 15 negative

In electrolyvtic cell electrons enter
through cathode and leave through
anode

In this cell oxidation and reduction
reactions are carried out in single
container.

e.&. Electrolysis of NuCl(ag)




Give difference between clectrochemical cell and clectrolytic cell.

1

Electirochemical cell

Electrolytic cell

L]

L=

1. Electricity is produced because
of indirect redox reaction.

2. The reaction is of spontancous
nature,

3. Asalt bridge is used to connect
two half cells.

4. In electrochemical cell anode is

negative and cathode is positive,

In external circuit clectrons

flow from anode to cathode.

In this cell oxidation and reduction

reactions take place in two separate
containers,

Electricity is used to bring about
chemical reaction.

The chemical reaction is not
spontaneous.
No salt bridge is required,

In electrolytic cell anode is positive
and cathode is negative.

In electrolytic cell electrons enter
through cathode and lcave through
anode,

In this cell oxidation and reduction

reactions are carried out in single
container.
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5. Whatis Galvenic cell? Explain its construction and operation by taking exkﬁ,{_
of Daniel cell. _ . |

ns. Galvenic cell : It is a device in which chemical energy is cqnvurtcd to eleetrica) Cnergy
and that chemical energy is obtained by indirect redox reaction.
A Danicel cell is an example of electrochemical cell e.g. Zn-Cu cell

V

Zinc
plate

Copper
plate
S alt bridge
KClin agr

agar
IMZnSO, 1IMCuSo,
oxidation Reduction
half cell half cell

A zince plate is dipped in a 1M solution of zine sulphate and a copper plate is dipped in 1\
solution of copper sulphate taken in two different beakers. The solutions are connected by
asalt bridge as in the diagram. The circuit is completed using copper wire and a voltmeter
Working : (i) Zn atom gets oxidised after losing electrons

Zn(s) — Zn**(aq) + 2 Oxidatior
(i1) The electrons given by Zn are accepted by Cu?*(aq) in the other container.

Cu®(ag)+ 2 - Culs)
By adding the above equations, the net cell reaction is
Zn(s)+ Cu*(aq) - Zn*"(aq) + Culs)

It is an example of indirect redox reaclion.
Function of salt bridge :
(1) 1t completes the electric circuit.
(2) Tt maintains cleetrical neutrality,

The salt bridge provides cations and anions to overcome the accumalation of posibi'
and negative ions produced in the two half colls.

The galvenic cells works till the clectrical neutrality is maintained by salt bridge 3

reduction




