
 

 

Answer on Question #66752 - Molecular Physics - Thermodynamics 

List the different between first and second order phase transition. What are the characteristics of 

lambda transition. 

Solution 

Paul Ehrenfest classified phase transitions based on the behavior of the thermodynamic free energy 

as a function of other thermodynamic variables. Under this scheme, phase transitions were labeled 

by the lowest derivative of the free energy that is discontinuous at the transition. First-order phase 

transitions exhibit a discontinuity in the first derivative of the free energy with respect to some 

thermodynamic variable. The various solid/liquid/gas transitions are classified as first-order 

transitions because they involve a discontinuous change in density, which is the (inverse of the) first 

derivative of the free energy with respect to pressure. Second-order phase transitions are 

continuous in the first derivative (the order parameter, which is the first derivative of the free 

energy with respect to the external field, is continuous across the transition) but exhibit 

discontinuity in a second derivative of the free energy. These include the ferromagnetic phase 

transition in materials such as iron, where the magnetization, which is the first derivative of the free 

energy with respect to the applied magnetic field strength, increases continuously from zero as the 

temperature is lowered below the Curie temperature. The magnetic susceptibility, the second 

derivative of the free energy with the field, changes discontinuously. 

First-order phase transitions are those that involve a latent heat. During such a transition, a system 

either absorbs or releases a fixed (and typically large) amount of energy per volume. 

Second-order phase transitions are also called continuous phase transitions. They are characterized 

by a divergent susceptibility, an infinite correlation length, and a power-law decay of correlations 

near criticality. 

The lambda transition is a kind of second order phase transition when the free energy second 

derivative at the transition point has infinite jump. 

https://en.wikipedia.org/wiki/Phase_transition#Ehrenfest_classification 
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