
Agenda: Information, Probability, Statistical Entropy

• Information and probability

simple combinatorics, stochastic variables.

Probability distributions, joint probabilities, 

correlations

Statistical entropy

• Partition of probability, thermodynamic connection

• Gibbs stability criteria, equilibrium

Canonical Observables, Free Energy A

Grand Canonical Observables, Free Energy G

Application to chemical reactions

• Partition functions for other degrees of freedom

• Phase space evolution (Eta Theorem)
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Reading 

Assignments

Weeks 6 & 7

LN III.1- III.6:

Kondepudi Ch. 20 

Additional Material

McQuarrie & Simon

Ch. 3 & 4

Math Chapters 

MC B, E 

Statistical entropy for bi- & multi-partitions
Microstates,
Stationary states defined by extreme statistical 
entropy, asymptotic stationary states 
Constraints: in particle number, total energy,…

The Boltzmann factor, probability distribution



Open Systems: Grand-Canonical Ensembles

Open system: Exchanges of energy and particles occur with 

surrounding “Particle Reservoir” and ”Heat Bath.”

→ Combined, (system + reservoirs) = isolated system

→ Conservation laws in mass and energy

m : “chemical potential” energy gain per particle

Reservoir

Stationary macro-state is characterized by

N : constituent (particle) number, 

T: temperature ~ mean internal energy per particle, 

V : containment volume. 
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Grand Canonical Ensemble

W. Udo Schröder 2023 Gran Can PFs 3

Grand canonical  ensembles:  m states (N, i) have different energies ENi(V) 
and different numbers N of particles → occupation probabilities {pNi}
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Grand Canonical Partition Sum
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Average Properties of Grand Canonical Ensembles

W. Udo Schröder 2023 Gran Can PFs 5

Grand canonical  ensembles:  m states (N, i) have different energies Eni(V)
and different numbers N of particles → occupation probabilities {pNi}

Grand canonical 
partition sum
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Entropy and Heat in Grand Canonical Ensemble
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Grand Canonical PF 
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Grand Canonical PF: Application to Reactions
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Grand Canonical PF: Application to Reactions
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For EoS

p·V = N·kB·T



Grand Canonical PF: Application to Reactions
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For EoS

p·V = N·kB·T

Apply to chemical reaction in gas phase (because of EoS used)
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