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* { CONCEPT OF ENTROPY _#~"

Definition of entropy from the efficiency of Carnot’s engine:
Based on second law, we define a new thermodynamic property
called entropy. We express the efficiency of a heat engine by the following
expression.

4% T,-T

02 T
We know W= QZ-Q1

Neglecting the signs of heat quantities it may be said that W is equal to
the algebraic sum of Q, and Q,. Therefore,

w=Q,+Q,
g Q. +Q T,-T Q T. .
2 1_ 2 1 1+ 1= ) 1
QZ T2 Q2 TZ
1 T Q, s Q, -0
2 T2 1 2

-

This tells that in a reversible cycle sum of (Q/T) terms is-equal to zero.
' This is stated as
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Substituting this value of dE In equation (4)
. € P

. lcdT+]|— dv [+ —dV
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At constant volume dV =0
e ! C g
ey V
e dS\ = "'—"'1' dT : \S\ = ‘f o dT r
T ' i
This relation gives the entropy change of the system at Constgy
volume

At constant temperature dT = 0

1 ;E)
dS. =0 + P+ |—1| |4V,
T v |

(a8 1 0E —‘
= — P+ e

v |, T oV

T

From this expression we can get the following equation
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This reiates entropy change with volume at COnstany yq

Mper
e 18 coefficient of expansion and [} 1s coefficient of o Perature

mbmss,b'my
Entropy as a Function of P and '!'
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1 P
4§ = —dE + —dV (4)
T T
6: B

consider also the definition of enthalpy
E=H-PV. dE = dH - PdV - VdP

uting this value of dE in equation (4)

substit
dH V
dS=—— - —dP (5)
T T

If we consider enthalpy as a function of temperature and pressuré
tJj - r br

[

t +
oH TN - A
oH = CT+| — P do - ) ar R
® )q \ 2P T AU P
substituting this value of dH in (5) ‘
Co 1 oH
gs= —dT+ — | |—| ~ vl dP
T T P
At constant pressure dP =0 “
C 2 ¢ G n \ 2
& dS=—dT ss= [ —dT ps = o An =
v T v T b

This equation relates entropy change with temperature, at constant

pressure.

At constant temperature the above equation(6) reduces to

S
— = -va

® )q
ar volume and a is coefficient of expansion.

. |f we keep the pressure
the system changes with

ds =-VadP;

V is mol
Temperature Dependence of Entropy
and volume as constants, the entropy of
temperatire At constant volume.
Cy
4s = —dT
T
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C
P
and at constant dSr," ;‘ dl
2 0S
. - I C 3T |amme
Therefore C,= T{=—1 "p
\ B (7T vV aT P

Entropy change in ideal gases

Entropy change in isothermal expansion of an ideg) dag

From First law AE=Q-W

In an isothermal reversible expansion of an ideal gas AE = g

N w=0; ie, Q.7 W
We know work done in such a case

v, v,
W=nRTIn— & Qg =NRT In—
Vi Vi
Q v,
Dividing through out by T —— = nR In —=
T v,

Qrev V2
But by definition —— =AS; AS=nRIn—
T

Vi

Entropy change when V and T are the variables :

The general expression for the entropy chan

give below. ge of any systey i

1 P
dS = —dE + —— gV
T T
For an ideal gas dE = C,dT
C P .
0o dS:'—YdT"’-—dV
T T
For one mole of an ideal gas P = RT/V.
Substituting thi '
g trgj value oFf?P In the above equation
dS = —dT+ — gy
T Vv

Integrating this equahon between limites.

fds* f -dT+R fdv

(4)

AS

Er
W1

S |



T, V.
As=Cn +RIn——
s V

1

Entropy change when P and T are the variables
We know, from definition E = H - py

dE = dH - PdV - VdP

substituting this value of dE in equation (4)
1 P
dS =—(dH-PdV-VdP), + — qv
T T
1 %
dS=— dH - —dP
T T

For and ideal gas dH = deT :

1 Vv
dS=— deT - —dP
T T

For one mole of an ideal gas  V=RT/P
1 R
dS= —C.dT - —dP
T P

‘ntergrating between limits
T P
AS=Cyn — -RIn—=

T P

Summary : Entropy changes in isothermal (constant temperature)

processes
V v

=2.303R log 2 (or)
V, V

2

A8, =RIn

1

P, P

AS;=RlIn —— =2.303Rlog —

P P

Entropy changes in isobaric (constant pressure) processes
AS, = Cpin (T,/T,) =2.303 Cplog (T,/T,)

Entropy changes in isochoric (constant volume) processes
’ AS, = C,In (T/T,) =2.303 C log (T./T,)
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Entropy of mixing of ideal gases
Consider the expression for the entropy change of an j dealg

c, R
ds= —dT + —dV
T Vv

General integration of the above gives
S=Cv|nT+RInV+$U 0
S, is the integration constant

Now consider a number of ideal gases placed in a vessel separate|,
using partitions. Let n, be number of moles of the gas i and V. be it
volume. If the gases are at the same temperature, the total entropy i
given as

S, :znv(ClnT+Ran+S.) (8)

If the pamtlons are removed, the gases mix together. Now the volume of

each oas is the total volume. The total entropy after mixing, is given as
8,= En(CInT+RInV+S) (9)

If the gases, before mixing were at the same pressure

V. n
| |

—-'.‘—:xl_
V n

n is the total number of moles. X is the mole fractinn of i the gas,
Rearranging

V=XV
Substituting this value of V in (8)
§=In(C/nT+RInX +RinV+S) (10)

The increase in entropy due to mixing of gases is obtained as
AS =8§,-8, =(9)-(10)
e, AS_=-RInIn X "
For one mole of the gases & 6] elnN I~
n P N ¥
| o/
AS_ =-RE —InX = -RXInX L\ g +FT7)
n (520 |
For two gases the above equation becomes
AS, =-R(X In X + X, In X,)

|
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This relation gives the entropy of mixing of ideal gases for one
mole\ The mole fraction of a gas in a mixture is always less than orfe. So
In X is ‘negative and entropy of mixing is positive. The mixing of two or
more gases is accompanied by an increase in entropy. The above
equation is also valid for mixing of ideal liquids and solid solutions.

Entropy changes and reversible process :

Let us take isothermal expansion of an ideal gas at constant
teperature is vacuum from a volume V, toavolume V, This process will
be spontaneous (irreversible). Smce there is no opposmg force the
work done by the system (W) will be zero. Since the process

is isothermal AE =0
According to first law AE=Q-W
Since AE and W are zero Q=0

This means that in this process no heat is absorbed or evolved
i.e., no heat is removed from or supplied to the surroundings i.e.,

AS!')UI' = 0
vV
For the above process, ASsys is given by :\Ssys =R In —
V1
v
s Total AS = ASsys *4S, =R In——
V1
Since the process is an expansion process V,>V,
o°o AS > 0

Total .
I.e, During the spontaneous (irreversible) isothermal expansion of

an ideal gas results in an increase in the total entropy of the system and
its surroundings taken together.
Now let us take the isothermal reversible expansion of an ideal
gas at constant temperature from a volume of V. to a volume of Vo
Here W =PA V. In this case also A E = 0 Accordmg to first law
\E=Q-W=0.S0Q=W. So ASSYS = QT

I.e., the entropy of the system will increase
The surroundings will lose an amount of heat equivalent to - Q

So "\Ssur = - Qrev/T

i.e. the entropy of the sorroundings will decrease



74

Al KAAY Y
. .esvbfl,:,/ ' Al ¢ 48 4 - ey

savml AHAT - "
cnaratare the o2 9 |
| ,!
siif 1O lf\";'vf’"‘
: L
-~ - v v
‘o ‘q
¥ J /
’J / foéf /.7 J 4
x apihpariny] SoAnar A A7 Aa 4
v fating A pansarsityld 130 )
i AL . A s ' ".‘d,.w. oY “ & Higri
« e chAnge 0 the fotal entropy O /
o . & fht ar iidnsars e HYO0A%S
iavarn thgether T suff UD
AS - A ¢ A%, 70
WY ) J oy 7
4
For aravarsible procass
e & i " (ond - f’
/\’“\' tifal AS SR | Lo P
Entropy changsas in physical stata
“ - b+ # 18 A A & -
Whan thers is & changa in 3 systarn e aRtrOpy “RATGS 15 /e
tha folitwing exprassion
, qrﬁl
/\\C" = ~/‘
f
For an isotharrnal transfarrnation T e A7 4t snt
‘ 7 ’.,) ‘
: .y
AB = ,/ e is AS -
r A 1' J,la ;‘

I we know the favarsihla kaat EREDYR 1 B/ 4R aT AR
transformation, AS 2an be caltulatad by tha aty s PRI

Evaporation of a lieguiel at ite riesrre &t HOMING pritt 13 xr, oo/ wios st o

icothettmal transfns §
f irmation Thie phase rhar
o NANLYGA IS fianrly a fa
‘ ¥ A/ a

transtormatinn Further it takes place at copetars o
41y PIASsara 5S4 fra b EE i

ahsnrhad ¢ aqual to anthalpy tharge

Sinre -
we consider the Process 14 ravarsibhia #r,
i vy F s mrt

avaporation of nne mole of the f

b
Wey ‘hiatan f,

M s grsar, as

() ,
“ rt: N
AS - 7




83

Here AH is the heat of vapourisation and T, is the normal boiling point
of the liquid.

Another example of isothermal transformation is
By similar arguments we can

solid is given as, ’

fusion of a solid.
show the entropy change of fusion of a

AH,
ASf S —_—

T

m
AH, 1s heat of fusion and T, is the melting point.

* TROUTON’SRULE: % -

Trouton's rule states that the entropy of vapourisation of many
liquids at their normal boiling point has approximately the same value.

AS,~21e.u. / mole (1Cal / degree = 1e.u)

AHV
— ~21e.u. / mole
Tb

Associated liquids like water, alcohols and amines do not obey
Trouton's rule. Also liquids with low boiling points do no obey this rule.

Trouton's rule is useful to calculate the approximate heat of
vapourisation from the boiling points.

Pl
Physical significace of entropy :—

i) Entropy - a measure of unavailabel energy :
According to second law heat can not be completely converted into
work. That means "a certain amount of heat is not available for
converting into work. Entropy is a measure of that unavailable
energy.

ii) Entropy - a measure of disorderliness in a system :
Let us consider some spontaneous processes like diffusion of
one gas into another or flow of heat from a hot end to a cold of a
‘metal bar etc. In all these spontaneous processes there in an
increase in disorderliness or randomness of the molecules
constituting the system. We also know that for spontaneous
processes the entropy increases. Thus entropy is a measure of
disorderliness of the system.
For example the entropy of water will be more than that of ices T
entropy of steam at 100°C will be more than water at 100°C. Tte
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more than that of .
entropy of closely p.“.d m“.“or‘::’!dcmmu Ncreag ey n .
crystals. Becaihe y.ndomneﬂ' at 100°C 10 steam at 1945,
go from ice to water of from watel s matele )
from covalent crystals to close pack
ii) Entropy - a measure of probability ods o & 1988 proac
A spontanecus process always proceedy: it 3
state 1o a more probable state This is quite natura LELT™
seen that spontaneous process is always accompanied p,
increases in entropy Thus entropy may be taken as a meas .,
probability of a thermodynamic state

CLAUSIUS INEQUALITY
In a reversible cycle f - =0
a
But in an irreversible cycle f :" <0 ‘

Let a system go from state | 1o state I]
to initial state feversibly The this

For such an irreversible cycle

dq,, f’dc” ' dq,,
fo . S g

reversibly and returns dack
Cycle 1s known an irreversible Cycle

T ’ T
Bt f M 0. & / %, .. / | B 0
T i 1
? da 2
ot ’ / . w%l“ - f ti::‘f_, <0
or ‘f‘ . i’(.:l‘_ . /' d4S < o

The first term is the sum of
The second term is the

‘eversible fashion

ag/T terms tor an Mieversiple Chan
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change in entropy for the same Change p, '9
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This statement is known as clausius inequality. The entropy change
in an irreversible change is greater than the sum of dq/T terms.

The Clausius inequality can be directly applied to changes in
isolated system. For a change in isolates system dq, = 0.

do ds >0
So, entropy increases during change in an isolated system.

When equillibrium is established it reaches a maximum value. Suppose
we consider the universe as an isolated system, according to clausius

inequality the entropy of the unversse is increasing. This is another
statement of second law of Thermodynamies.

ENTROPY AS A CRITERION OF SPONTANEOUS AND
EQUILIBRIUM PROCESS IN ISOLATLED SYSTEMS -7).—7

(Criteria / condition for a reversible m:Q,mﬁoim:ooem process in
terms of entropy) : Reversible change should take place under
equilibrium conditions. Since present equilibrium in a change cannot
be realised reversible changes are ideal. The condition for a reversible
change is taken as the condition for equilibrium.

- Q rev

dS =
-

TdS = q

rev

This is the conditions for equilibrium in a state. In a irreversible
change, there is no equilibrium. It takes place spontaneously. Therfore

the condition for an irreversible change is taken as the condition for
spontaneity.

q
- TdS> q,, .
-

The above two conditions for equilibrium and spontaneity are stated as

dS >

TdS > q .
According to firstlaw,q = dE +w , TdS > dE + W

-dE - w ¢ aam..v.o~-a.m-noua<-ac+aamwO
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