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86 IDEAL MONATOMIC GAS

The thermodynamic energy is
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The contribution of the electronic degrees of freedom to the energy is small at ordinary
temperatures (see Problem 5-12). Since we have neglected the contribution of the
intermolecular potential to the total energy of the gas, the first term of Eq. (5-17)
represents only kinetic energy. Furthermore, each atom has an average kinetic energy
3kT/2, or kT2 for each degree of translational freedom. We shall give an interesting
interpretation of this result when we study classical statistical mechanics in Chapter 7
If we ignore the very small contribution from the electronic degrees of freedom, the
molar heat capacity at constant volume is 3Nk/2, a well-known experimental result
for dilute gases. )

The pressure is
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KNote that Eq. (5-18) results because g(V, T) is of the form f(T)V, and the only contri-

bution to the pressure is from the translational energy of the atoms. This is what one
expects intuitively, since the pressure is due to bombardment of the walls of the
container by the atoms and molecules of the gas.x
The entropy is given by
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In Eq. (5-20), Sejee denotes the last two terms of Eq. (5-19)._Equation (5-20) is called
the Sackur-Tetrode equation. Table 5-3 compares the results of this equation with
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expenimental values for several monatomic gases.

Table 5-3. Comparison of experimeﬁtal entropies at 1 atm and 7= 298°K to those calculated from the
statistica) thermodynamical equation for the entropy of an jdeal monatomic gas*

exp. calc.

(eu) (e.u)
He 30.13 30.11
Ne 34.95 34.94
Ar 36.98 36.97
Kr 39.19 39.18
Xe 40.53 40.52
C 37.76 31.76
Na 36.72 36.70
Al 39.30 39.36
Ag 41.32 41.31
Hg 41.8 41.78

* The experimental values have been corrected for any nonideal gas behavior.




