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ENERGY OF AN IDEAL DIATOMIC GAS

In addition to translational and electronic degrees of freedom,
a diatomic also can rotate and vibrate. These motions can be
treated within the rigid rotator and harmonic oscillator
approximations, respectively (exactly solvable QM problems)

The Energy:
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DIATOMIC IDEAL GAS COMPONENTS OF Q
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Start from the general expression: QO(N,V,T) =

Now with the diatomic molecular partition function:
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Consider each degree of freedom:

The translational partition function: ¢, is the same as in
the monatomic case but the mass is now equal to m,+m, @
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DIATOMIC IDEAL GAS COMPONENTS OF Q
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® For rotations set ‘cf‘J:0 at J=0: % electronic excited state
h c
e, =—JUJ+1) J=012,... L
=)
® For electronic, we take the zero of
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nuclear well, so ¢,_,=hv/2.
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DIATOMIC IDEAL GAS dvib

Within the harmonic oscillator approximation: (Oam))

1
€ = hv(n + 5) n=0,.12,... alllevels are non-degenerate
\ (g,=1 for all n)
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THE VIBRATIONAL TEMPERATURE ®Vib

It is common to define a O . = h_v ote units (7-s)(s™)

vibrational temperature, vib ki, (1-K™)

For example:

At 298 K, k,T ~200cm™ @é
v=210em™, O, =302K— =
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One can write ¢, in terms of O,

o P12 ©, =hv / kg oG /2T

qVib(T) = 1 — e—ﬁhv g qVib(T) - 1 — e—@vib /T




DIATOMIC IDEAL GAS VIBRATIONAL <E> AND CV

From the partition function, we can calculate the vibrational
contribution to the average energy,

-0, /2T
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and to the molar heat capacity,
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DIATOMIC VIBRATIONAL HEAT CAPACITY
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