Lecture 9: Equipartition Theorem

Polyatomic Partition Functions, Equipartition Theorem



Polyatomic Ideal Gas

Polyatomic Ideal gases have all degrees of freedom:
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Translational and Electronic partition functions behave similarity to diatomics, but
will have more complex rotational and vibrational ¢’s compared to diatomics
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Polyatomic Vibrational Partition Function
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Polyatomic Rotational Partition Function
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Heat Capacity

4q = (Gtrans * qrot * qvib * Gelec
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Equipartition Theorem

Equipartition Theorem

At the high temperature (classical) limit, each quadratic degree of freedom
contributes %kBT per particle (or %RT per mole) to the average internal energy,
and %R per mole (or %kB per particle) to molar heat capacity at constant volume
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Translational: KFE = Emvz ngT or §R per DOF
1 1 1

Rotational: KFE = §Iw2 §kBT or §R per DOF
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Vibrational: KFE = §mv2 PE = 5/{3;2 kT or R per DOF



Equipartition Theorem

Number of Degrees of Freedom

Motion Linear Non-Linear Contribution per DOF
Translational B B %kBT or %R
Rotational 2 3 %k:BT or %R
Vibrational 3N —5 3N —6 kT or R

Total DOF 3N 3N —

N is number of atoms

Linear molecules have a C,, rotation axis: can rotate any fraction of a full circle
and the molecule will look the same



Example: Identifying Linear vs Non-linear

CoHa (linear)

O3 (non-linear)
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H02 (non-linear)
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Example: Equipartition Theorem

Number of Degrees of Freedom

Motion Linear Non-Linear Contribution per DOF
Translational 3 3 %k:BT or %R
Rotational 2 3 %kBT or %R
Vibrational 3N —5 3N —6 kT or R

Total DOF 3N 3N —

N is number of atoms
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