
Agenda: TD of Dilute Gases, Simple Processes

• Fundamental ideal gas laws, 
          Equations of state (EoS)
          Isothermal expansion/compression

      Adiabatic expansion/compression

• Circular processes
     Work, heat, and entropy in Carnot processes
         Carnot, Kelvin/Clausius 2ndLTD

 Thermodynamic driving potentials
  Application chem reaction

• Equation of state of real gases
         Van der Waals & other models
         Activity, fugacity
         Phase equilibria 

• Statistical Mechanics
 Quantum statistics
 Partition functions

Reading 

Assignments

Weeks 7 & 8

LN IV.4-7: 

Kondepudi Ch. 3.3, 

5.1-5.3, 6.1-6.3. 

McQuarrie & Simon 

Ch. 2, 5, 6, 7.1-7.4

Math Chapter B, C 
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Maximum work a canonical system @ S≤Smax can 
perform spontaneously using thermal energy dq 

Reversible Work and Free Energy 
 

 equilibrium 

 Reaction Variable  

 G 

 Gi 

 Gf 

Thermodynamic 

Driving Potential 

( )
.int energy dU

Net heat work changes q w
enthalpy dH

   
+ → + =   

   

 

dStot=0 
S 

 
Equilibrium Point 

Stable Equilibrium 

Thermal Equilibrium 

Work in reversible processes 

Helmholtz 
Free Energy

A U T S= −  V, T =const. 

( )
rev rev rev
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Gibbs 
Free Energy

G H T S= −  P, T =const. 

Work in reversible processes 
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Maximum work by a canonical system @ S<Smax 

Reversible Work and Free Energy 
 

 equilibrium 
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Thermodynamic Energies & Driving Potentials
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Canonical Thermodynamic IG Entropy Connections 

Differentials of state functions U, H, S, A, G, V, N T=const
 Ideal gas: pV = NkBT  and  U = (3/2)NkBT

General 1st. LTD any process dU = dq   - p·dV + ·dN + …                

Reversible processes  → dU = T·dS - p·dV + ·dN + …
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Canonical Thermodynamic IG Entropy Connections 

Differentials of state functions U, H, S, A, G, V, N            T=const.
 Ideal gas: pV = NkBT  and  U = (3/2)NkBT  per particle

General 1st. LTD any process dU = dq   - p·dV + ·dN + …                

Reversible processes  → dU = T·dS - p·dV + ·dN + …
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Thermodynamic Relations: Free Energy 

dA(V,T) = d(U - TS) = dU - SdT - TdS = (dqrev -pdV) -SdT - TdS

→ dA(V,T) = - pdV - SdT            
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Thermodynamic Equilibrium State Functions

For canonical ensembles @ 

V=const., Ni=const.

P=const., Ni=const.

State Function Fundamental Total Differential @Equilibrium

U(S,V,N) dU=TdS−pdV+jμjdNj     (mix, species j) Minimum

S(U,V,N) dS=(1/T)dU+(p/T)dV−j(μj/T)dNj
Maximum

H(S,p,N)=U+pV dH= TdS+Vdp+jμjdNj
Minimum

A(T,V,N)=U−TS dA=−S dT−pdV+jμjdNj
Minimum

G(T,p,N)=H−TS dG=−S dT+V dp+jμjdNj
Minimum
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Grand Canonical PF: Application to Reactions

W. Udo Schröder 2023
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Agenda: TD of Dilute Gases, Simple Processes

• Fundamental ideal gas laws, 
          Equations of state (EoS)
          Isothermal expansion/compression

      Adiabatic expansion/compression

• Circular processes
     Work, heat, and entropy in Carnot processes
         Carnot, Kelvin/Clausius 2ndLTD

 Thermodynamic driving potentials
  Application chem reaction

• Equation of state of real gases
         Van der Waals & other models
         Activity, fugacity
         Phase equilibria 

• Statistical Mechanics
 Quantum statistics
 Partition functions

Reading 

Assignments

Weeks 7 & 8

LN IV.4-7: 

Kondepudi Ch. 3.3, 

5.1-5.3, 6.1-6.3. 

McQuarrie & Simon 

Ch. 2, 5, 6, 7.1-7.4

Math Chapter B, C 
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3D Phase Diagram for Water

T= 2000C

Spontaneous 
isothermal 
process
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