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CHAPTER OVERVIEW

24: Indistinguishable Molecules - Statistical Thermodynamics of Ideal Gases

The ensemble analysis shows that the thermodynamic functions for an N -molecule system can be developed from the principles of
statistical mechanics whether the molecules of the system interact or not. The theory is valid irrespective of the strengths of inter-
molecular attractions and repulsions. However, to carry out numerical calculations, it is necessary to know the energy levels for the
N-molecule system. For systems in which the molecules interact, obtaining useful approximations to these levels is a difficult
problem. As a result, many applications assume that the molecules do not interact with one another. In this chapter we apply the
results from the ensemble theory to the particular case of ideal gases.

24.1: The Partition Function for N Distinguishable, Non-interacting Molecules

24.2: The Partition Function for N Indistinguishable, Non-interacting Molecules

24.3: Occupancy Probabilities for Translational Energy Levels

24.4: The Separable-modes molecular Model

24.5: The Partition Function for A Gas of Indistinguishable, Non-interacting, Separable-modes Molecules

24.6: The Translational Partition Function of An Ideal Gas

24.7: The Electronic Partition Function of an Ideal Gas

24.8: The Vibrational Partition Function of A Diatomic Ideal Gas

24.9: The Rotational Partition Function of A Diatomic Ideal Gas

24.10: The Gibbs Free Energy for One Mole of An Ideal Gas

24.11: The Standard Gibbs Free Energy for H2(g), I2(g), and HI(g)

24.12: The Gibbs Free Energy Change for Forming HI(g) from H2(g) and I>(g)

24.13: The Reference State for Molecular Partition Functions

24.14: Problems

This page titled 24: Indistinguishable Molecules - Statistical Thermodynamics of Ideal Gases is shared under a CC BY-SA 4.0 license and was
authored, remixed, and/or curated by Paul Ellgen via source content that was edited to the style and standards of the LibreTexts platform.



https://libretexts.org/
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.01%3A_The_Partition_Function_for_N_Distinguishable_Non-interacting_Molecules
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.02%3A_The_Partition_Function_for_N_Indistinguishable_Non-interacting_Molecules
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.03%3A_Occupancy_Probabilities_for_Translational_Energy_Levels
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.04%3A_The_Separable-modes_molecular_Model
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.05%3A_The_Partition_Function_for_A_Gas_of_Indistinguishable_Non-interacting_Separable-modes_Molecules
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.06%3A_The_Translational_Partition_Function_of_An_Ideal_Gas
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.07%3A_The_Electronic_Partition_Function_of_an_Ideal_Gas
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.08%3A_The_Vibrational_Partition_Function_of_A_Diatomic_Ideal_Gas
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.09%3A_The_Rotational_Partition_Function_of_A_Diatomic_Ideal_Gas
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.10%3A_The_Gibbs_Free_Energy_for_One_Mole_of_An_Ideal_Gas
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.11%3A_The_Standard_Gibbs_Free_Energy_for_H(g)_I(g)_and_HI(g)
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.12%3A_The_Gibbs_Free_Energy_Change_for_Forming_HI(g)_from_H(g)_and_I(g)
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.13%3A_The_Reference_State_for_Molecular_Partition_Functions
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases/24.14%3A_Problems
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Thermodynamics_and_Chemical_Equilibrium_(Ellgen)/24%3A_Indistinguishable_Molecules_-_Statistical_Thermodynamics_of_Ideal_Gases
https://creativecommons.org/licenses/by-sa/4.0
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278
https://www.amazon.com/Thermodynamics-Chemical-Equilibrium-Paul-Ellgen/dp/1492114278

