Week 10

WEEK 10

Topics:

- Boltzmann distribution
- Partition function
- Internal energy and entropy

Statistical thermodynamics links microscopic and bulk properties of materials.
Microscopic: individual molecules
Bulk behaviour: statistical averages over many molecules

Bulk Properties: work, heat, free energy, and entropy.

Molecular Colisions

Conserve energy, linear and conversion of translational, vibrational and rotational energy

angular momentum exchange of electronic energy (high temperatures, excited molecules)
Microstates:

Given 7 microstates at a particular energy, probability of finding the system in a particular microstate is
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Different states have different energies, we take &, as the lowest state (E=0) and compare all other higher
energies relatively.
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Instantaneous configuration fluctuates with time because populations change.

Set of populations no, ni,... in the form {no, n1,...} describes system’s instantaneous configuration.

To obtain internal energy, U, may have to add a constant to calculated energy of system. For example, if
considering vibrational contribution to internal energy, then must add the total zero-point energy of any
oscillators in sample.
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Macroscopic state can be generated from equivalent microscopic states.
Number of different microscopic states giving rise to a macroscopic state is the weight.

General Case
Weight of configuration in which »n, molecules are in ¢, n; molecules are in ¢;, n,
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If there are 10 molecules, what is the weight of configuration in which there is 5 molecules
in the ground state (no=5), 3 molecules in the first excited state (n:=3), and 2 molecules in
the second excited state (n2=2)?
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Partition function at a particular temperature is related to the number of occupied states.
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Partition function links thermodynamics, spectroscopy, and quantum mechanics.
Partition function can be used to calculate enthalpy, free energy, heat capacities, entropies, and equilibrium
constants.
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As temperature increases, higher energy levels become increasingly populated.

Two Level
System:
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At low temperature (k7<<e), lower state is almost exclusively populated Ces cinomee. % \MM&)
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At high temperature (k7>>¢), upper and lower states have almost equal populations
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