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Figure 1.13. Heat capacity at constant volume of one mole of hydrogen (H2) gas.
Note that the temperature scale is logarithmic. Below about 100 K only the three
translational degrees of freedom are active. Around room temperature the two
rotational degrees of freedom are active as well. Above 1000 K the two vibrational
degrees of freedom also become active. At atmospheric pressure, hydrogen liquefies
at 20 K and begins to dissociate at about 2000 K. Data from Woolley et al. (1948).
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Figure 1.14. Measured heat capacities at constant pressure (data points) for
one mole each of three different elemental solids. The solid curves show the heat
capacity at constant volume predicted by the model used in Section 7.5, with the
horizontal scale chosen to best fit the data for each substance. At sufficiently high
temperatures, CV for each material approaches the value 3R predicted by the
equipartition theorem. The discrepancies between the data and the solid curves
at high T are mostly due to the differences between CP and CV . At T = 0 all
degrees of freedom are frozen out, so both CP and CV go to zero. Data from Y. S.
Touloukian, ed., Thermophysical Properties of Matter (Plenum, New York, 1970).

Therefore,
CP = CV + Nk = CV + nR (ideal gas). (1.48)

In other words, for each mole of an ideal gas, the heat capacity at constant pressure
exceeds the heat capacity at constant volume by R, the gas constant. Oddly, the


