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 A system, including chemical reactions at constant pressure, which 

turns heat energy into mechanical energy is a form of heat engine.

 It is never practically possible to obtain maximum work, i.e. 100% 

efficiency, from such a device. 

 Hence, of the total enthalpy (heat content) of the system only a part 

can be converted into useful work, this fraction of the total enthalpy 

being called the free energy, G. 

 As with H, absolute values of G cannot be measured, only changes 

in free energy, ΔG. 

 This new function ΔG, can be defined in terms of ΔH, ΔS and T, the 

temperature at which the reaction occurs and is a measure of the 

feasibility of a reaction.



The relationship between ΔH, ΔS and ΔG may be deduced as follows.

This may be rearranged:

This important relationship is sometimes referred to as the Gibbs-

Helmholtz equation (or the second law equation) and ΔG is a measure

of the work obtainable from a reversible, isothermal process occurring

at constant pressure and gives a direct indication of the possibility of

chemical reaction.

The Gibbs-Helmholtz equation



Reactions tend to go in the direction which results in a decrease in free 

energy which means that the feasibility (Spontaneity) of reaction may 

now be defined as follows:

(i) if ΔG is negative a reaction is feasible;

(ii) if ΔG is positive a reaction is not feasible;

(iii) if ΔG is zero an equilibrium mixture is obtained, i.e. equal feasibility 

for both the forward and reverse reactions.

For a reaction at constant volume and constant temperature, the 

Helmholtz free energy change, ΔΑ, defined as

ΔA = ΔU – TΔS

Can be used as Criterion of Spontaneity





The effect of temperature on the feasibility of a 

reaction

The value of ΔG depends on whether ΔS is positive or negative; a 

low temperature makes TΔS small and vice versa.

Consider the following reaction at say 1180 K, the boiling point of 

zinc:

Substituting approximate, averaged values for ΔH° and ΔS° and 

assuming that the temperature of reversal, T, occurs when ΔG° = 0



this reversal temperature may be calculated

Thus, within the accuracies used: if T < 1184 K, ΔG° is positive, and so 

the reaction cannot occur; but if T> 1184 K, ΔG° is negative, and the 

reaction can proceed.

Summary of the effect of the sign and magnitude of ΔH, ΔS and T on ΔG:





Calculating ΔG for reactions

• The standard 
free energy 
for elements, 
is taken to be 
zero



(2) At any temperature, T



Home work







Example (1)

Given the following data, determine which metal has the greater

probability of oxidation in steam at 827°C (1100 K) and 1 atm 

Pressure

Example (2)

Calculate the standard free energy change of the reaction

at 527°C (800 K) from the following data:
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Gibbs Free Energy and the Thermodynamic 
Functions

G = H - T S            or

G = (U + PV) - TS

Differentiating,
dG = d U + PdV + VdP - TdS – SdT

Since                     dU = δq - PdV,
and                 dS = δq/T   for a reversible change

Then               dU = TdS – PdV
and dG becomes,

dG = VdP-SdT



At constant pressure and variable temperature

At constant temperature and variable pressure,

Similarly, for any reaction

and
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Gibbs-Helmholtz Equation

This is known as the Gibbs-Helmholtz equation, and could also be 
written in the following form:

Since   ΔG = ΔH - T ΔS        and

Then 



Example (3)

Calculate the standard enthalpy and entropy "changes at 25°C (298 K) 

for the reaction

Example (4)

ΔG° for the reaction   <Ni> + 1/2(O2) → <NiO>

at 25°C (298 K) is  -50786 cal . Calculate ΔG° at 327°C (600 K)

from the following data:


