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1.  Fundamental concepts:  Kinetic theory:  Heat, temperature and pressure

A. Basic concepts

a. Thermodynamic systems and experiments

b. Thermodynamic equilibrium

B. State of a system

a. Extensive and intensive properties

C. Processes

a. Reversible vs. Irreversible 

b. Quasistatic

D. Thermal Equilibrium and Temperature

a. The zeroth law of thermodynamics

E. Empirical and thermodynamic (absolute temperature)

2. Equations of State

A. Equation of state for a single component (P-v-T) system

B. Equations of state of ideal and real gases

C. van der Waals equation of state

a. Critical constants of a van der Waals gas

3. The first law of thermodynamics

A. Work

a. Work in a volume change (P-v-T system)

i. Configuration and dissipative work

ii. Path dependence

B. Heat

a. Heat flow and its path dependence

b. The mechanical equivalent of heat

c. Heat capacity

d. Heats of transformation

C. Internal Energy

D. Enthalpy

E. The general form of the 1st law

F. Energy equation of steady flow

G. Mass and energy balance

H. Consequence of the 1st law

a. The energy equation

i. T and v independent

ii. P and v independent

iii. T and P independent

I. The Gay-Lussac-Joule experiment

J. Work in reversible, adiabatic processes

4. The second law of thermodynamics

A. The Carnot cycle

a. Carnot engine and refrigerator

B. Entropy

a. The thermodynamic concept of entropy

b. Calculations of entropy changes in reversible processes

c. Calculations of entropy changes in irreversible processes

d. The principle of increase in entropy

C. The Clausius statement of the 2nd law

D. The Kelvin-Planck statement of the 2nd law

E. TdS equations

F. Calculations of the enthalpy and entropy of a pure substance and of an ideal gas

G. Properties of a liquid under hydrostatic pressure

H. Properties of a solid under hydrostatic pressure

5. Statistical mechanical interpretation of entropy.  Combined first and second laws

A. Methods of statistical mechanics

a. Probability and distribution functions

b. Simple mixing processes in real space

c. Macrostates and microstates

d. Thermodynamic probability – Boltzmann factor

B. Statistical interpretation of entropy and the 2nd law

C. Entropy and information

6. Thermodynamic potentials

A. Helmholtz free energy

B. Gibbs free energy

C. Thermodynamic potentials and their role in equilibrium calculations

a. Maxwell relations

b. Stable and unstable equilibrium

c. Phase transitions

D. Clausius-Clapeyron equation

E. 3rd law of thermodynamics

F. Chemical potential

a. Phase equilibrium and the phase rule

b. Dependence of vapor pressure on total pressure

7. Solution equilibria

A. Dilute solutions of non-electrolytes

B. Gibbs free energy of a dilute solution

C. Concept of the ideal solution

D. Raoult’s Law:  The lowering of the solvent vapor pressure by the presence of solute

E. Elevation of the boiling point

F. Osmotic pressure

G. Solubility of gases

H. Henry’s law

8. Electrochemical potential

A. Equilibrium conditions

B. Dependence of chemical potential on pressure and composition

C. Activity coefficients

D. Ion equilibrium across membranes

E. Nernst potential and its origin

F. Ion electrodes

9. Chemical equilibrium

A. Equilibrium constant and the standard free energy change of a reaction

B. Ligand-receptor interactions

a. Binding free energy

i. Molecular mechanics

1. internal energy

2. vdW energy

3. electrostatics

ii. Solvation free energy

iii. Conformational entropy loss

iv. Applications to drug and vaccine design

10. Kinetic theory

A. Basic assumptions

B. Kinetic energy of a monoatomic ideal gas

C. Principle of equipartition of energy

D. Classical theory of specific heat capacity

a. Heat capacity of a solid

E. Random motion of gas molecules

a. Root-mean-squared velocity

b. Mean free path

c. Collision frequency

i. Brownian motion (?)

d. Intermolecular forces

11. Transport Phenomena

A. Transport of Momentum

a. Viscosity

B. Transport of Kinetic Energy

a. Thermal Conductivity

C. Transport of Mass

a. Diffusion

D. Free Diffusion

a. Free Diffusion of Electrolytes

i. The Teorell Equation

ii. Integration of the Teorell Equation – Fick’s 1st Law

iii. Unstirred Layers

iv. Solute Permeability

v. Applications of Solution Theory

1. Stokes-Einstein Equation

vi. Fick’s 2nd Law and Convective Diffusion

b. Free Diffusion of Electrolytes

i. The Electrodiffusion Equation

12. Statistical Thermodynamics I

A. Energy States and Energy Levels

a. Distribution of Energy amongst Energy Levels

B. The Maxwell-Boltzmann Statistics

C. The Molecular Partition Function

D. Statistical Representations

a. Energy

b. Entropy

c. Free Energy

E. Microscopic Interpretation of Temperature and the 1st Law

13. Statistical Thermodynamics II

A. Application of Statistics to Gases

a. The monoatomic ideal gas

b. Distribution of Molecular Velocities

c. Molecular Beams

d. The Principle of Equipartition of Energy

B. The Quantized Linear Oscillator

a. Specific Heat Capacity of a Diatomic Gas

C. Applications of Quantum Statistics to Other Systems

