7 68 Relation between Cp,, C,and j

”~

The specific heat at constant pressurce ). the specific heat at constant volume € and the J

Kelvin coefficient i are defined as follows:
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These three quantities are defined in terms of the thermodynamic properties viz. pressure, volyme

temperature. internal energy and enthalpy. Hence Cp, Cy, and |1 are also thermodynamic propertie-

a substance.

6.9 The T. dS Equations
1. First T.dS Equation, The entropy S of a pure substance can
temperature and volume.

be iaken as a function
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Multiplying both sides by T
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and from Maxwell’s relations
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Substituting these values in equation (i)

But Cy

TdS = CvdT+T(a—P) dVv (642
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Equation (6.42) is called the first T dS equation.
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3 Second T.dS Equation. The entropy S of a pure substance can also be regarded as a func tion
W temperature and pressure
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and from Maxwell's relations
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Substituting these values in equation (v)
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Equation (6.43) is called the second 7 dS equation.

6.10 Clapeyron’s Latent Heat Equation using Maxwell’s
Thermodynamical Relations

From Maxwell’s second thermodynamical relation

(5,

Multiplying by 7, we get
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Here [8—8 represents the quantity of heat absorbed per unit increase in volume at constant

(g—;)v (" eqn. 6.36)

_ T(— (- Tas=20)

temperature. This quantity of heat asborbed at constant temperature is the latent heat (L).
Thus, 0 = L and 9V = V, - V|, for unit mass of a substance.
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This is Clapeyron’s latent heat equation.

6.11 Clapeyron Latent Heat Equation using Carnot’s Cycle

Consider the isothermals FBAE at temperature T+ dT and GCDH at temperature T. Here EA and
HD show the liquid state of the substance. At A and D, the substance is purely in the liquid state (Fig.
6.1). From A to B or D to C., the substance is in transition from the liquid to the gaseous state and vice
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Yersa ACE and € the substance 1« purely in the gaseous "'““. :
From B b oo the substance 18 10 the gaseous sat | M '
o A to D and B 1o ¢ by dotted hines 'y 1'

Fhe cvele AR I iepresents acomplete cye o Ml'“\. I T |
theorem can be apphied: Suppose the volume at the '“'.';'w/ is p | / Ll
Vyand temperature is 74 d1 The pressure is just h(- ”n(I il ' ; 0
satraton pressure and the hgquid begins (o vvnlxn.nt‘t i " I
the point B the volume is V,. The substance 1s 1 'h(. vu!mnl
State. Suppose the mass of the liquid at B1s one gram the um‘ ‘ :

sre 1.+ dl1s the v
of heat absorbed 1 Q) here Q=1+ ’”"_ ‘”"‘f‘ ' !
latent heat of the liquid at temperature (74 dl)

|

' ‘The vapour
Atthe point B, the pressure is decreased by dP The V:"(. " Flg. 6.1
: The temperature a

will expand and its temperature falls. The | - S
T. Atthis pressure and temperature 7, the gas begins t‘o umd'cnscl,)‘u'l’('l |s :u‘n w,'nul NG 1hye g,
At the point D, the substance is in the liquid state. From € l’(? U L.d:l Nt of hegy rejectey //'
out) is Q,. Here Q, = L where L is latent heat at temperature 7. By increasing the preg,, "

21 2= , wercihle ,
original point A is restored. The cycle ABCDA is completely reversible. Applying ihe Princyp,
Camot's reversible cycle
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Here, Q = L+dL 0,=L,
T, = T+dI,T,=T
0,-0, = L+dL-L=dL
I'-T, = T+dT-T=dT
aL. _ dr
L T
The area of the figure
=dP(V,-V)
PVHV) _ ar
L T
dp _ L (6.43
aT = T(V,-V,) o
This is called the Clapeyron’s latent heat equation,
Applications

1. Effect of change of pressure on the melting point.
When a solid is converted into a liquid, there is cha
(1) If V, is greater than vV,

dP . . " _ i
g7 " POSIUVE quantity. It means that the rate of change of pressure with respe

nge in volume.
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