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3.1 Thermodynamic Properties

Temperature, Internal Energy and Pressure

Free Energy and Entropy

3.2 Calculation of Dynamic Properties

Diffusion Coefficient

Thermal Conductivity

Shear Viscosity

Infrared Absorption Coefficient

3. Calculation of Equilibrium Properties3. Calculation of Equilibrium Properties
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=== per mol

kB : Boltzmann Constant, 1.38066×10-23 J/K
NA : Avogadro Number, 6.02205×1023 1/mol
R0 : Universal Gas Constant, 8.31433 J/(mol K)
m’: Molecular Weight  (kg/mol)
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Pressure by virial theoremPressure by virial theorem
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Ratio of a local density ρ(r) to the system density ρ

Long-Range Corrections (1)Long-Range Corrections (1)
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Long-Range Corrections (2)Long-Range Corrections (2)
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Empirical Relations(1)Empirical Relations(1)

Pressure
Helmholtz Free Energy
Gibbs Free Energy
Potential Energy
Internal Energy
Entropy

Ree correlation 
and Nicolas et al. correlation

Temperature
Density

Empirical Relations(2)Empirical Relations(2)
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Test Particle Method(1)Test Particle Method(1)
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Twice long-range correction

Test Particle Method (2)Test Particle Method (2)
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Test Particle Method (4)Test Particle Method (4)
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(Self) Diffusivity, Fick’s Law

Thermal Conductivity, Fourier’s Law

Viscosity, Newton Fluids

Dynamic PropertiesDynamic Properties Dynamic PropertiesDynamic Properties

3 types of method:

Equilibrium Molecular Dynamics 
:Correlation functions

Nonequilibrium Molecular Dynamics
:Fictious Field

Direct Molecular Dynamics
:Boundary Condition

Equilibrium Molecular DynamicsEquilibrium Molecular Dynamics
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Einstein’s Equation:

For large t
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Equilibrium Molecular DynamicsEquilibrium Molecular Dynamics

Thermal Conductivity 
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Equilibrium Molecular DynamicsEquilibrium Molecular Dynamics

Shear Viscosity 
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Property Definition Statistical Mechanical
Green-Kubo Formula

With Einstein Relation
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Thermal Boundary Resistance over 
Liquid-Solid Interface: 10-7 ∼ 10-6 m2K/W

Therm. Sci. Engng., 1999, vol. 7, no. 1, pp. 63-68.

Thermal Boundary Resistance over 
Liquid-Solid Interface: 10-7 ∼ 10-6 m2K/W

Therm. Sci. Engng., 1999, vol. 7, no. 1, pp. 63-68.
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Thermal Conductivity
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Infrared Absorption SpectrumInfrared Absorption Spectrum
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Absorption Cross Section α(ω)
Quantum Mechanics
Perturbation Theory

Transition Rate I(ω)
Power Spectrum 

of Dipole Moment

Classical Limit

Monte Carlo Simulation (Metropolis Method)Monte Carlo Simulation (Metropolis Method)

Random Number

Configuration of Molecules

Weighted Average for Statistical Property

Random Change of Configuration
Select or not by the Probability
Distribution and Random Number

constant NVE (number, volume and energy: microcanonical)
constant NVT (number, volume and temperature: canonical)
constant NPT (number, pressure and temperature)
constant µVT (chemical potential, volume and temperature: grand-canonical)


