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THERMODYNAMICS OF CHEMICAL REACTIONS:
Gibbs free energy and chemical exergy
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GIBBS FREE ENERGY: 

Assessing the spontaneity of a process: 
thermodynamic potential that vanishes when 
the process reaches equilibrium at constant 
temperature and pressure …

J. Willard Gibbs



GIBBS FREE ENERGY: 

Assessing the spontaneity of a process: 
thermodynamic potential that vanishes when 
the process reaches equilibrium at constant 
temperature and pressure …

GIBBS FREE ENERGY

Gibbs free energy
Gibbs function

Gibbs potential
Free enthalpy
Etc.

J. Willard Gibbs

THE GIBB BROTHERs
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Endothermic
A energia necessária para a reação pode ser vir 

de uma fonte externa, ou da própria 
temperatura das moléculas...
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CONJECTURES:

H > 0 (endothermic) → “less” spontaneous

H < 0 (exothermic)   → “more” spontaneous



Case 1: H < 0 e S > 0 
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Crash test: two 
cars hitting each 
other and 
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pieces…
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Spontaneous in the indicated sense ( Temperature)

• Opposite sense → smaller probability of three molecules bumping into 
each other at the same time to form two molecules

• The products (three molecules) are at a lower energy level compared 
with the reagents (H<0)
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“Inverse” crash test: 
many parts bumping 
into each other 
assembling a car...A

B B

energy

Conditionally spontaneous in the indicated direction

• Low temperature: favors spontaneity (greater and better contact time 
for the parts to assemble in the correct way...)

• High temperature: hinders spontaneity (contact time is too short and 
kinetic energy is too high...)
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smaller
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J. Willard Gibbs
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A measure of a processes' spontaneity: 
thermodynamic potential that vanishes when 

the system reaches equilibrium 
at constant pressure and temperature…
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J. Willard Gibbs
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Practical application:



Example: spontaneity analysis of carbon monoxide oxidation in 

function of the temperature
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Oxidation occurring @ T (25ºC = 298K)
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Oxidation occurring @ T  T (Hess law)
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CHEMICAL EXERGY



The capacity of generating 

useful mechanical work 

(exergy) is a COMBINED 

environment/system 

property…
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Chemical exergy: 
the maximum quantity of useful 
mechanical work that can be obtained 
from a system when it chemically 
transforms itself until chemical 
equilibrium is stablished with the 
environment… 

J. Willard Gibbs



Standard Chemical Exergy of Atmospheric Gases:

Bringing earth’s atmosphere to its pre industrial 

revolution composition
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Recovering the pre industrial revolution atmosphere

“environment” “system”



Standard Chemical Exergy of Atmospheric Gases

100% N2

PN2 = 1 bar, TN2 = 25 °C
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Standard Chemical Exergy of Atmospheric Gases

Extracting O2 from the atmosphere requires more exergy than 

extracting N2 because its molar concentration is smaller
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Chemical exergy can also be defined as the minimum amount of

mechanical work necessary to reconstitute the state and

composition of a system from the environment through

compression, chemical reaction, etc.

Standard Chemical Exergy of a Mixture of Environmental Gases
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Recovering the pre industrial revolution atmosphere



But is it feasible ? What is the minimum amount of

exergy necessary to remove CO2 from the atmosphere

so that its concentration drops to levels prior to the

industrial revolution ?
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Recovering the pre industrial revolution atmosphere
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Chemical exergy of substances not present in the environment

The chemical exergy of any substance can be determined considering its chemical

transformation to the environment constituents …
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Obs.2: To bring all calculations to a common energy reference the Gibbs free energies can be 

calculated according to the following 
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Obs.1: the first term in the right side corresponds to the reaction’s total Gibbs free energy 

variation… Therefore, the more spontaneous the greater the chemical exergy …
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Mto variável...
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Propellent fuel: PBAN-APCP



http://www.youtube.com/user/PSeleghim



Próxima Aula...

Análise exergética de uma caldeira de oxicombustão de biomassa...



Análise Exergética de um Motor de Combustão Interna
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