STATISTICAL MOLECULAR
THERMODYNAMICS

Christopher J. Cramer

Video 3.4

|deal Gas Equation of State Redux



MONATOMIC IDEAL GAS HEAT CAPACITY

The molar heat capacity of a substance expresses the energy
required to raise the temperature of 1 mole of that substance
by 1 K.

Thus, multiplication of the molar heat capacity by a measured
temperature rise will provide the amount of energy that was
supplied to the system to induce that temperature increase.



MONATOMIC IDEAL GAS HEAT CAPACITY

The change in energy associated with a change in temperature

(the molar heat capacity) can be expressed as a derivative; in
particular, at constant volume,
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From our prior work, however, we have
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Statistical thermodynamics can be used to understand “where
the energy goes” when a system is heated (and why the
capacity to store energy is different for different substances).



FURTHER MANIPULATION OF Q
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PRESSURE AS AN ENSEMBLE AVERAGE
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Later, we will prove: P = _(a_)
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If pressure is like energy, i.e., an average over weighted
ensembles, then,
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PRESSURE OF A MONATOMIC IDEAL GAS
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THE BIG PICTURE, SO FAR

The partition function encompasses all possible states of an
ensemble

Thermodynamic functions can be computed from the partition
function (the central one is internal energy)

For “simple” partition functions, the relevant calculations are
straightforward and give results that agree with, and rationalize,
both classical thermodynamics and experiment

We have yet to derive the ideal monatomic gas partition function,
but the one presented is consistent with the ideal gas equation of
state



