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C. Real gases 

Real gases do not obey the perfect gas law exactly in the limit of p0
Real gases show deviations from the perfect gas law because molecules interact with one another.

The compression factor (at the same pressure and temperature)
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Compression factor (definition)

𝑝𝑉𝑚 = 𝑍𝑅𝑇 for real gas
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Virial equation of state

The coefficients B, C, …., which depend on temperature, are the second, third, … virial coefficients; the first 
virial coefficient is 1.
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C. Real gases 

van der Waals equation of state
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van der Waals equation of state

a and b are called the van der Waals coefficients

a: the strength of attractive interactions

b: the repulsive interaction between molecules
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The First Law
Energy; 1. Heat, 2. Work, 3. Chemical reaction, 4……

Internal energy

Enthalpy

Thermochemistry

State functions and exact differentials

Adiabatic changes

System and Surroundings (outside of the system)

System: a part volume in the space/world, reaction vessel, electrochemical cell

Open system,

Closed system,

Isolated system.
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The First Law
Work, heat and energy

Work is done to achieve motion against an opposing force. 

The energy of a system is its capacity to do work. 

Heat is a kind of energy and can be converted to the work. 

Kinetic energy (Ek) of a body is the energy possesses as a result of its motion (Ek= ½ mv2).

Potential energy is the position energy

𝐸𝑝 = −𝐹𝑥𝑑𝑥 → 𝐹𝑥 = −
𝑑𝐸𝑝

𝑑𝑥

The gravitational potential energy: 𝐸𝑝 ℎ = 𝐸𝑝 0 + 𝑚𝑔ℎ E(0) The zero of potential energy is arbitrary. The 

E=Ek+Ep

Exothermic process: energy releases as heat

Endothermic process: energy required as heat
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The First Law

Internal energy

In the thermodynamics, the total energy of a system is called its internal energy (U). 

U: a state function and an extensive property of a system (depends only amount of substance).
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