
ENTROPY 
A spontaneous process has a tendency to occur without being driven 
by an external influence; does not have to be fast 

 

Entropy is a measure of disorder (probability?) 

Entropy is a state function 

 

The 2nd law:  

The entropy of an isolated system increases in the course of any 
spontaneous change 

 

 



Changes in physical state and entropy 
(changes) 

• During the phase transition, the temperature remains constant 

• At the temperature of phase transition, the transfer of heat is 
reversible 

Since we know that 

For P = const, qtransition = ∆Htransition 

Ergo: ∆Stransition = ∆Htransition/Ttransition 

∆S0
transition – standard entropy of transition (J mol-1 K-1) 



Trouton’s “rule” 
Trouton’s “rule” is an observation that for many liquids, the entropy 
of vaporization is ca. 85 J∙K/mol 



The Third Law of Thermodynamics 

The entropies of all perfect crystal approach 
zero as the absolute temperature approaches 
zero 

 

 

The key word is “approaches”. 



Statistical entropy 

S = k ln(W),  

where W is the number of different 
microstates for the macrostate 

 

The statistical definition of entropy is 
equivalent to that derived from 
macroscopic observations  





Standard molar entropy (S0
m) 

S(T) = S(0) + ∆S(0T) 

 

∆S(0T) must account for phase 
transitions 





Table 8.2 





Standard reaction entropy 

∆S0
rxn = ΣnS0

m(products) - ΣnS0
m(reactants) 

 

For reactions in which the amount of gas increases, ∆S0
rxn is usually 

positive (and vice versa).   

 

Also, generally, the increase in the number of particles in (ideal) 
solution or gas phase leads to increase in entropy.  

 



Global changes in entropy 

The 2nd law refers to the 
isolated system.  In order 
to determine whether the 
process is spontaneous, 
we need to know the 
change in entropy for both 
the system and the 
surroundings. 

∆Stot = ∆S + ∆Ssurr 



(Dynamic) Equilibrium 
A system is at equilibrium when it has no tendency to change in 
either direction.  Microscopic processes continue, but there is no 
net change.   

In other words, neither the forward nor the reverse process is 
spontaneous, which means…. 

∆Stot = 0 

 

 



Gibbs free energy 

Allows us to determine spontaneity considering the system 
alone 

May be thought to quantify the maximum amount of non-
expansion work the system can perform 

Is a state function 

G = H – TS 

∆G = ∆H - T∆S  (T, P = const) 

∆G < 0 corresponds to a spontaneous process 



1839 – 1903 



Sometimes enthalpy “competes” with entropy 

Spontaneity or favorability of a process may change with 
temperature 



Gibbs free energy of reaction 
and standard Gibbs free energy of formation 

∆G0
rxn = ΣnG0

m(products) - ΣnG0
m(reactants) 

 

Standard Gibbs free energy of formation for a compound is the 
standard Gibbs free energy of a reaction to produce 1 mole of said 
compound from elemental compounds in their standard state.  
Units of J/(mol).   

 

∆G0
rxn = ΣnG0

f(products) - ΣnG0
f(reactants) 

 



Gibbs energy and non-expansion work 

Gibbs energy of a closed system is the measure of the energy 
“free” to do non-expansion work (e.g., mechanical, electrical, 
etc.). 

 

The change in free energy of a process (∆G) is the maximum non-
expansion work this process can do. 



Effect of temperature on ∆G 
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