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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#09
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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. 

dHsyst

System

Surrounding

dSsys
DSsurr

dssurr=  – (dHsyst / T)

Constant pressure

Dssurr=  – (DHsyst / T)

dSuniv = dSsys + dSsurr > 0

Spontaneous process:

Equilibrium:

dSuniv = 0

Keep the energy dispersal

dssurr=  – (dHsyst / T)

Constant temperature

dHsurr = – dHsyst
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Spontaneous Physical and Chemical Processes !!?
Second Law of Thermodynamics

the amount of disorder in a thermodynamic system always increases. 

Surroundings 

system 

Vi Vf = 2xVi

dSuniv = dSsys + dSsurr

DU = qrev + wrev =  0 

Isothermal
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Entropy changes >  specific processes

(a) Isothermally Expansion

ΔSU = 0, which is what we should expect for a reversible process

If the isothermal expansion occurs freely (w = 0) and irreversibly, 

then q = 0 (because ΔU = 0).     ΔSsur = 0 !

System is always the same !

Surroundings ..it depends !
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Spontaneous Physical and Chemical Processes !!?

The entropy as a state function
Carnot Cycle
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Spontaneous Physical and Chemical Processes !!?

The entropy as a state function

Carnot Cycle
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heat into system

Carnot Cycle

Dssys = 0

Spontaneous Physical and Chemical Processes !!?

heat out system
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Spontaneous Physical and Chemical Processes !!?

Carnot Cycle

efficiency, ε (epsilon), of  a heat engine
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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. Coefficient of  performance, c

For a refrigerator withdrawing heat from ice-

cold water (Tc = 273 K) in a typical 

environment (Th = 293 K), c = 14,
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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. Coefficient of  performance, c

W - work

e.g. refrigeration system …  

also the partial condensation of the gas is involved ! 



DQB. FCUP  Luís Belchior Santos  | 2024

Spontaneous Physical and Chemical Processes !!?

Second Law of Thermodynamics

says that the amount of disorder in a 

thermodynamic system always increases. 


