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Molecular partition functions

Independent, Distinguishable molecules

e.g. in a perfect crystal

E,(N,V) = (V) + e}’(V) + & (V) + -+ N terms
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q(V,T) is called the molecular partition function.

Independent, Indistinguishable molecules

EN,V)=¢ (V) +¢& (V) +¢ (V)+-Nterms

QYT = ) e = N o7l vy ae)
i ik

To avoid over-counting, use,

[qv, DIV

QN,V,T) = N

Decomposition of the molecular partition functions

For independent particles,

a1 9l ~ei/kgT
(E)=kBT2( nQ) =1kaT2< r;q) =Nz ¢ N(g)
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Probability that a molecule is in its jth molecular energy state

e—Sj/kBT e—Sj/kBT

T qW,T) | yjecilksT

TTj

Energy of a molecule,
e = Slprans + S}’ot + glléib + Slelec
All energy terms are distinguishable, so we can write, g(V, T) = QtransQrotQvibQelec

t rot ib l
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Qtrans9rot9vib9elec
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If we sum over all other states, we get the probability that a molecule is in its kth vibrational state.

trans _rot _ celec _ovib
- (216_81 /kBT) (Z,e & /kBT) (Zze & /kBT)e eV /kpT

T[k =

QtransQrotQvib9elec

Also,
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Likewise for rotation and translation.

In case there is degeneracy, then we have g; energy levels for the given energy state.

q(V,T) = Z gje cilkeT

(levels)

e.g. rotation, qro:(T) = X7%0(2] + 1)e~h*JU+1)/21kgT
Molecular Partition Functions - Monatomic Ideal Gas

Eatomic = Etrans T Eelec and q(V, T) = Qtrans(Vr T)Qelec(T)

Translational partition function

Qtrans = Z e Femanyns = Z 2 Z exp{ 8ma? (nx + ny + le)
Ny, Ny,Nz=1 Nyx=1ny=1n,=1
Bh*nZ\ Bh*nd\ Bh*nZ
- Z P\ " Bmaz 2 P\ " 8ma? z P\ " 8ma2
Ny=1 ny=1 nz=1

Each of the summations is

oo 22
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Thus,
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Qtrans = [

(J, e~ dx = (m/4a)"/?)

a ln Qtrans
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Electronic partition function
Lets measure all electronic energies w.r.t. the G.S. i.e. Egg = €, =0
Getec(T) = g1 + Geze ™ Foe2 + -
These ¢’s are typically ~ 10,000s cm™. Given, 1.986 X 10723 ] = 1 cm™1, kg = 0.6950 cm~ 1. K~!
Thus,

10000 cm™* 1 10*K

—~ ~10for T = 1000 K
06950 cm-LK-1T = T or

ﬁgelec ~
e_BgeZ ~ 10_5

Gelec (T) ~ el



