18. Partition Function and Ideal Gases

Boltzmann factor: describes a probability that a system in a state of energy E,.
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18-1 The Translational Partition Function of Monoatomic Ideal
Gas is (2nmkgTTH2)32V .

Atomic energy of monoatomic ideal gas: Extomic = Errans T Betec
V. T)= G (V. T) + G (T)

Translational energy state in a cubic container:
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18-2 Most of Atoms are in the Ground Electronic State at Room
Temperature.

Electronic partition function: @eec = qu exp(- Bs, )
Qelec(T) =q.414q., exp(_ )Bgez )+ o
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ex.) Ratio of helium atoms in S, state (1s2s) S, — 1S, =159850.318 cm'!
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Pressure P= kBT(Chl QJ = NI (state equation of ideal gas)
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18-3 The energy of a Diatomic Molecule can be Approximated as
a Sum of Separate Terms.
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18-4 Most Molecules are in the Ground Vibrational State.

Harmonic oscillator approximation:

g, = [v + lJI‘W
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18-4 Most Molecules are in the Ground Vibrational State. (cont.)
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18-5 Most Molecules are in Excited Rotational States.

Energy level of rigid rotater: g, = L(CARY) (J=0,1,2,-+)
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At ambient temperature, @_, /T is small.
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Average rotational energy:
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18-5 Most Molecules are in Excited Rotational States. (cont.)
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18-6 Rotational Partition Functions Contain a Symmetry Number.
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Homonuclear diatomic molecule 9t(7) = 20
rot

: : T
Heteronuclear diatomic molecule ¢, (7)= -
rot

In Summary Q’(V- T) = qumstlqubqelec
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18-7 The Vibrational Partition Function of a Polyatomic Molecule
is a Product of Harmonic Oscillator Partition Functions for
Each Normal Coordinate.
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18-8 The Form of the Rotational Partition Function of a
polyatomic Molecule Depends Upon the Shape of the Molecule.
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18-9 Calculated Molar Heat Capacities are in Very Good
Agreement with Experimental Data.

Linear polyatomic molecule (ideal gas)
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18-9 Calculated Molar Heat Capacities are in Very Good
Agreement with Experimental Data. (cont.)

Non-linear polyatomic molecule (ideal gas)
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