Lecture#8: Vibrational Partition Functions (18.4, 18.7)

Boltzmann Distribution of Vibrational States
Vibrational Partition Functions for Polyatomic Molecules

Boltzmann Distribution of Vibrational States
Vibrational energiesrelative to bottom of well arethe H.O. energies:
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Equation 3 may be expressed in terms of vibrational temperature Q,;, = F may
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dsobe Q,, = %Where k, iskg isexpressed in cni* K™, 0.695038 cmit K.
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Deter mine the average vibrational energy (E,;,) via (E) = NkBngéMQ
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Using this (E,;,) and the same chain rule U = Q/T, show that (Hint: R = NKGg)
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Use the chain rulewith U = Q/T to show that < EVib >
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The fraction of moleculesin the u'" vib. state = the probability in that state (See lec 6)

e 10 &L
vib g Siv/keT e_ EREr e kT thn | .- bh
pk -3 - Qin/keT ® fu = = bhn = (1_ e )e- ™
ak. e Lo ez 1

f :(1_ e—Qvib/T)e-Lwa/T

u

Example 1 — The fundamental frequency of NO is 1904 cni‘and kg= 0.695038 cmit K 2.
What is the vibrational temperature Q of NO?

What fraction of NO molecules are in the first excited state at 300K ?

What fraction of NO molecules are in the second excited state at 1000K ?

If the fraction of NO molecules in the first excited state is 3.83" 1072 what is the
temperature?

[I. Vibrational Partition Functionsfor Polyatomic Molecules

For a polyatomic molecule with a normal modes (a =3N-5 linear,3N-6 nonlinear). The
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total vibrational energy is given by €ir = a @j +_9hnj uj =012..

n, isthe frequercy associated with the jth normal mode. For example a bent triatomic

molecule has 3 normal modes: n; = symmetric stretch, n, = bending, and nz =
antisymmetric stretch. The energy would be given by:
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u, =0,1,2,... u, =0,12,.. u,=0,12,.

Possible values of ej, are
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The partition function of each mode is given by Eqg. 4, since energies are additive then

Quib IS given as the product of the qyip for each moc'~ —_ This is the
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If the characteristic vibrational temperatures of NO; are 1900, 1080, and 2330 K, what
arethevaluesof n,,n,,andn, in cm* units? Note k, = 0.695038 cm™* K™,



Tz?fﬂ? we obtain the following for (E,,,) for a polyatomic.
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The derivative wrt T leads to the vibrational heat capacity for a polyatomic:
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Utilizing (E) = Nk,




