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Since,

If the process is spontaneous:

In a system at constant volume and constant internal energy, the 
entropy increases in a spontaneous change

In a system at constant pressure and constant enthalpy, the 
entropy increases in a spontaneous change
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Helmholtz energy

Systems change spontaneously when total entropy increases, not because they tend to 
lower Helmholtz energy (at constant T and V)

dA = dU – T dS

dA = dU – dqrev

dA = dWrev

dA = dWmax, rev

at constant T and V:

At constant T and V, the ΔA gives the maximum work the system 
can perform in a reversible process.

This is why Helmholtz free energy is particularly useful for 
systems where volume does not change (e.g., electrochemical 
cells, surface reactions, and magnetic systems), where non-
expansion work is the primary focus.
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At constant temperature and pressure, chemical reactions are 
spontaneous in the direction of decreasing Gibbs energy

Endothermic reactions are driven by the increase of entropy of the system

Exothermic reactions are commonly spontaneous

at constant T and P:
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Standard Gibbs energy of reactions

Ignore the temperature 
dependence of the reaction 
enthalpy

At 25 OC

The reaction can be used to do up to 2865 kJ of non-expansion work
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Ions in solution

-120 kJ mol-1

If the Gibbs free energy of the reaction is -
120 kJ mol-1, what is the Gibbs free energy 
of the formation of Cl-(aq)?
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