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• Develop fundamental relations between commonly 

encountered thermodynamic properties and express the 

properties that cannot be measured directly in terms of 

easily measurable properties.

• Develop the Maxwell relations, which form the basis for 

many thermodynamic relations.

• Develop the Clapeyron equation and determine the 

enthalpy of vaporization from P, v, and T measurements 

alone.
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THE MAXWELL RELATIONS

The equations that relate the partial derivatives of properties P, v, T, and s

of a simple compressible system to each other are called the Maxwell

relations. They are obtained from the four Gibbs equations by exploiting the

exactness of the differentials of thermodynamic properties.
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Maxwell relations are extremely 
valuable in thermodynamics 
because they provide a means of 
determining the change in entropy, 
which cannot be measured directly, 
by simply measuring the changes in 
properties P, v, and T. 

These Maxwell relations are limited 
to simple compressible systems.



THE MAXWELL RELATIONS



THE 

CLAPEYRON 

EQUATION



The slope of the saturation curve on a P-T 

diagram is constant at a constant T or P.

The Clapeyron equation enables 

us to determine the enthalpy of 

vaporization hfg at a given 

temperature by simply 

measuring the slope of the 

saturation curve on a P-T 

diagram and the specific volume 

of saturated liquid and saturated 

vapor at the given temperature.

General form of the Clapeyron

equation when the subscripts 1 

and 2 indicate the two phases. 

Clapeyron 

equation



At low pressures

Treating vapor 

as an ideal gas

The Clapeyron equation can be simplified for liquid–vapor and solid–

vapor phase changes by utilizing some approximations.

Substituting these equations into the 

Clapeyron equation

Integrating between two saturation states

The Clapeyron–Clausius 

equation can be used to 

determine the variation of 

saturation pressure with 

temperature. 

It can also be used in the 

solid–vapor region by 

replacing hfg by hig (the 

enthalpy of sublimation) of 

the substance.

Clapeyron–Clausius 

equation



EXAMPLE


