-* o L

Substituting the value of E and P into equation (4.84), we get

1 =x12(29) , vpy(3Q)

3T v
R=rr (G0, +v ()]
H = RT [T[ﬁ%ﬁjw(g}—z—%L] ...... (4.85)

Equation (4.85) is the relation between heat content and partition function.

4.12 ENTROPY AND PROBABILITY (STATISTICAL TREATMENT OF
ENTROPY)

Second law of thermodynamics has a statistical nature. At constant energy
and volume a system is in the equilibrium when its entropy is maximum. Again, the
thermodynamic probability is also maximum. It means that there exists some
relationship between entropy and thermodynamic probability of the system.
Boltzmann showed that entropy and thermodynamic probability are related by

S=kinW verene (4.86)

where k is a Boltzmann constant = k = R/N4, R is the gas constant and N is the
Avogadro number. Entropy is an additive property, whereas probability 1s
multiplicative.

Consider two systems of identical particles for which the entropies are S, and
S, and probabilities W, and W,. When these systems are combined the total entropy
is § =8, + 8y, while the total probability becomes W, W, and thus

B=fW,Wy
9=W1)+W3J=ﬁwlwz)
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The function which satisfies this relatig
S = K] ll'l. w = I{E
where HI and K

N must be logarithmie, namely,

2 are the constants to be evaluated. If equation
validity, it should also apply to a pe

the 3rd law of thermodynamics, Again, g

since the crystal is perfect, there is only one
arrangement for it and W = 1. Oy inserting these values in equation (4.87), we gee
that Ky = 0, and here
S=K;lnW - (4.88)

The nature of K, can be found by using equation (4.88) to calculate the
translational entropy of an ideal gas. Using equatio

(W) with modification like insertion of statistical weights and quantum statistical
recognition that identical particles are actually indistinguishable

_&)™ @M @)"

...... (4.68)
LG e e

Taking log on both sides and using Stirling's formula we get
InW = Zn1 In Bi— Eﬂi In n; S 25 v ORI [y - s {4?1}

According to most probable distribution

N g = Iu"kT
=g

For translation motion, the above equation takes the form
N gi EFEJ&T ------
By = Q, ) :
Substituting the value of n, into (4.71), we get

N oehT] N
1;:;W=En,-lngi-£ﬂiln[(qt)gle ]

In; €,
H ; o +N
InW:EnilnB_i-'E“iln[Qt)FE“‘lng' kT

MYk ceeees (4.90)
Inw=__znlln(a:)+'ﬁxﬂi Et+N

dlnQ J
¥ (i

: b in equation (4.90) we get
Putting this value in eq

RT* "ML+N

—

N, BT
mw=*3ﬂal”[Q¢)* ET | ar
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Qt) RT(alﬂQt) |
th»Nln(N +T _ﬂ‘i'_u ‘»‘+N ...... (4.91)

Multiplying equation (4.91) both sides by Boltzmann constant k, we get

ol
kInW = Nkin (&)ﬁ-m(g"q‘)ﬁ kN

N aT

For one mole of an ideal gas

Q, alnQ,
kan:Nﬁkln["—’)+RT( 3T \.'+N"“k

N
Qt) [BIHQL]
kan—RIn(N + RT T v+R v R
kInW = S, (4.93)
Q dln@}
St:Rln(ﬁt]+RT( aTt)v""R coaies (4.93)
Therefore,
K, =k

Thus equation (4.93) becomes _
S =klnW (4.94)

Equation (4.94) represents the general relationship between entropy and
probability.

4.13 STATISTICAL EXPRESSION FOR EQUILIBRIUM CONSTANT

; Tbe_ free energy of a mole of an ideal gas can be related to the partition
function. Since the methods of deriving partition functions for various types of
molecules are available, at least in principle, it should be possible to calculate the

free energies of the substances taking part in a chemical reaction. The free energy

AF*, for reactants and products in the standard state, is related to the equilibrium
N b¢

RT InK ) 3 4 a5
P ’ & i mee 'ﬁuﬁ}



