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Physical Chemistry
... iremos explorar, refletir, aprender ?..

Area of chemistry concerned with the application of the techniques and theories of physics to the study of chemical systems.

Lecture#13
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Spontaneous Physical and Chemical Processes !!?

Second Law of Thermodynamics

says that the amount of disorder in a 

thermodynamic system always increases. dSuniv = dSsys + dSsurr > 0

The Helmholtz and Gibbs energies

Clausius inequality

dS > Entropy change of the system

dq > heat change of the system

Constant volume
& temperature

Criteria of  spontaneous

𝑑𝑆 −
𝑑𝑈

𝑇
≥ 0 𝑇𝑑𝑆 ≥ 𝑑𝑈

Constant pressure
& temperature 𝑑𝑆 −

𝑑𝐻

𝑇
≥ 0 𝑇𝑑𝑆 ≥ 𝑑𝐻

𝑑𝐴 = 𝑑𝑈 − 𝑇𝑑𝑆 ≤ 0 Helmholtz

𝑑𝐺 = 𝑑𝐻 − 𝑇𝑑𝑆 ≤ 0 Gibbs

THERMODYNAMICS  POTENTIALS

Helmholtz and Gibbs energies
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DG  = DH  – TDS

Gibbs Energy: G ≡ H -TS

Gibbs energies  ..f  (temperature)

Solid system polymorphs

Tmelting

𝑑𝐺 = 𝑑𝐻 − 𝑇𝑑𝑆 ≤ 0

Lower Gibbs energy  

Means:
low thermodynamic potential

High stability..

@ Constant pressure
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Gibbs energies of  reaction !!

Standard Gibbs energies of  Formation
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Standard Gibbs energies of  Formation of  (H+, aq)

Convention!

Standard Gibbs energies of  Formation of  (H+, aq)

hydrogen ion, to have zero standard Gibbs energy of  formation at all temperatures:
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G may change because H, T, and S all change.
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G may change because H, T, and S all change.

Because S > 0 for all substances, 

G always decreases when the temperature is raised

Because (∂G/∂T)p becomes more negative as 

S increases, 

G decreases most sharply when 

the entropy of  the system is large.
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DG  = DH  – TDS

Gibbs Energy: G ≡ H -TSGibbs energies  ..f (temperature) Solid system polymorphs

Tmelting
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𝑑𝐺 = 𝑑𝐻 − 𝑇𝑑𝑆 ≤ 0

@ Constant pressure


