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4.11 PARTITION FUNCTION AND THERMODYNAMIC FUNCTIONS

We will now utilize the partition function and the distribution law to evaluate
various thermodynamic functions including the equilibrium constant in chemical
reactions.

(i) Internal Energy

Consider a system consisting of non-interacting molecules (e.g., ideal gas).
the total energy of the system is given by
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Camparing equation (4.62) and (4.63) |
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For one mole of a gas N = N, = Avogadro number
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€;=1 [ 21*(%9]‘_ +T2(a—2-;§9‘)¥] ...... (4.66)

Equation (4.66) 1s the relation between the molar heat capacity (C,) at
constant volume of an ideal gas and partition function.
We also known
C=C# R

€ =R +5z [mz(al“q)v] o {aeD

Equation (4.67) is the relation between molar heat capacity (Cy) at constant
pressure of an ideal gas and partition function.

(iii) Entropy (S )
According to Boltzmann distribution law
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where n;, = Number of molecules having energy €;

z|.P

= Total number of molecules in the system
g~ Statistical weight factor for energy level 1

Taking logarithm of above equation on both sides
Inn,=InN+Ing,-/AT-InQ

Multiplying the above equation by n; both sides, we get

I'i
mjan;=nlnN+nilng-r -nlnQ
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But according to modified definition of probability
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i Taking logarithm on both sides of the equation
W = (nlng, ~ Inng!) + (n,Ing, - Inn,!)+...(n,Ing; - Inn})
InW = (ngIng, + n,Ing,+
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..... n;lng;)~ (Inng! + Inn,!+ ... Inn)

InW =Zn; In g, ~ £In n) - ceer- (4.69)
E L :::;ny large values of n;, as in the case with molecules, Stirling's formula
F s
‘ Inni! =n; In n; - n;
L IZlnn! =En, Inn, - Zn,
L Hape Sland=Zndan-n . 0 o (4.70)
r me equation (4.69) and (4.70)
f InW=Zn;,Ing, - Zn;lnn, + N
i of ZInlnn=-lnW+ZInlng+N e (71

From equations (4.68) and (4.71)
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From equation (4.72), (4.73) and (4.74), we get
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Taking N as common
wwen[m(R)en(BR) 1] e (4.76)

According to Boltzmann-Planck’s equation
S=kinW

S
InW=7
Hmua :quqimn, (4.76) becomes
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