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14.1 Thermodynamic Properties from the Partition Function

U L
S = T + Nk(InZ —InN + 1) for Maxwell-Boltzmann Distribution

—> S=kInW
z gje_gf/kT <« —> 6 X 1023 molecules

Partition function

Helmholtz function F=U—-TS =—-NkT(InZ —InN + 1)

cf. dF = —SdT — PdV + udN

dF

H= —> pu=—kT(InZ —1InN)
dnN). .,
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14.1 Thermodynamic Properties from the Partition Function

(1) Internal energy

N __
U=zl\’j€j=zgjge ST g

—&j/kT

Partition function 4 = zgje

0Z Sj c
O N, 8 ekt
aT)V ng k€

g; fixed <:|_

‘ U_Nszaz _Nszaan
4 aTV_ aT ),
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14.1 Thermodynamic Properties from the Partition Function

(2) Gibbs function

G =uN =—NkT(InZ —InN)
(3) Enthalpy
H=G+TS
U
= —NkT(InZ —InN)+T [7 + Nk(InZ —InN + 1) ]
= U + NkT

= NkT |1+T OlnZz
B aT ),
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14.1 Thermodynamic Properties from the Partition Function

(4) Pressure

b dF) ~ NkTalnz)
dv), o )

cf. dF = —SdT — PdV + udN
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14.2 Partition Function for a Gas

 Partition function

7 = zgje—ej/kT

© 427V

=jg(£)e—g/de£=j = m3/21/2 p—€/KT ¢
0

_ 4\/73”Vm3/2j £1/25=¢/KT g
h 0 n, A4
=" g
_ (ankT)3/2 2 "
=V(—7—
cf.
s+ de

g(e)de : number of quantum state e < < e+ de¢

T [(2°/2m?/3\3 1 42V 3 1
g(e)de‘:gV 3 §£2d£= 3 mz2e2de

3V
R
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14.2 Partition Function for a Gas

f- ijk r e""p‘kr
A '
1) low 7 1N high T
\\ \\
\ S
\\ h""--
\- “-—
\ — —
~ (‘
|
r - Ej - E

£y £y €2 & € € &

(a) (b)

Successive terms of the partition function sum for (a) low temperature;
and (b) high temperature. The energy level spacings are comparatively

large for a small volume.
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14.3 Properties of a Monatomic Ideal gas

The partition function depends on both volume and temperature

3 3 2mmk
InZ==InT+InV +=In

2 2 h?2
<alnz> 1 (aan) 31
av . |4 oT . 2 T
oF dlnZ NkT
P_—(W>T e )T—T mm) PV = NkT
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14.3 Properties of a Monatomic Ideal gas

The calculation of entropy

U
S==+4+Nk(InZ—-InN +1)

T

T 2

5
=§Nk+Nkll’l

3
2

U 3
=—+4+ Nk (—lnT+1nV+—1n

V(2nmkT)3/?

2mmk
2 —InN+1

|

Nh3

] Sackur-Tetrode Equation
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14.3 Properties of a Monatomic Ideal gas

Statistical approach
s=S/n, Nk=nR cv=%R

s=c,InT +RInv + s,

Classical approach

Tds = du + Pdv

dT dv
ds = ch+R7
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14.4 Applicability of MB Distribution

Maxwell-Boltzmann distribution: valid under dilute gas

2mrmkT\>/?
Z=Vnyg=V %
g;j > Nj

. L. . & T 9j ]V]
Maxwell-Boltzmann distribution
& — Ee—&‘j/kT — (H)ie—ej/kT
gi <2 V/ng

&1 1 g1 Ny
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14.4 Applicability of MB Distribution

For Helium,

m = 6.65 X 10727 kg

T =273K

m) 1, =7x103"m3
k =1.381 x 10723 J/K

h=6626x10"3*Js

Number of particles N 6 x 10%°

~ 3% 102> m3

per unit volume Vo 224m3
& _ ﬁe—ej/kT — (ﬂ)ie—ej/kTN 4 X 10—6
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14.5 Distribution of Molecular Speed

N N
f(e) = g((g = ?e—ej/ KT Maxwell-Boltzmann distribution

N(e)de . #of particlese < <e+de¢

For an ideal gas,
2mmkT\>/?
Z=V %

The density of states is given by

427V
g(g) — e m3/281/2
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14.5 Distribution of Molecular Speed

Ne~¢/kT A2V

2mmkT 32 h3
V( n2 )

N(&)de = m3/2g1/2ge

_ (Nfg"l)v?’/z £1/2=€/KT g

¢ 1s the single particle kinetic energy. Thus

1
€= Emvz, ds = mvdv

2172 1
( ) mvdv = —m3/2v2dv

V2 V2

e2de =
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14.5 Distribution of Molecular Speed

N(v)dv : #of particlesv < <v+dv

2N 1
(2rkT)3/2 2

N(w)dv = 3/2,2dy » @~ MV?/2KT

m

m \3/2 2
— 2 ,—mv“/2KkT
= 4N (anT) ve dv

cf. from kinetic theory,

dN, = (Na e‘ﬁzvz) X (4mv2dv) = 4nNa3v2e PV dv

dN, = 47N (—— )3/2 2 —mv2/2dev

2wkT
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14.7 Entropy Change of Mixing

Ny

N,

AS = —nR(x;Inx; + x, Inx,)

« Effect of mixing

N! N!
NN, (i N)! (N

AW
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14.7 Entropy Change of Mixing

AS = kInW = k[InN! — In(x;N)! — In(x,N)!]

AS
— = NInN =N — (g NIn(e; N) = x;N} = {xpNIn(x, N) = x, N}

= —N(x1lnx; + x,1nx,)
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