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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#03
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van der Waals 
…equation

𝑍 =
𝑉𝑚
𝑉𝑚0

𝑉𝑚 = 𝑅𝑇/𝑝(ideal vol)

𝑍 =
𝑅𝑇/𝑝

𝑉𝑚0

𝑝𝑉𝑚 = 𝑅𝑇. 𝑍

(Real gas)
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Approximate equation of state  EoS
J.D. van der Waals in 1873

attractive forces, the pressure is reduced in proportion to the square of this concentration

moving in a volume V ….they are restricted to a 
smaller volume V − nb Restriction

2xR (molecular)

Volume:
4 V = 22xV (molecular)

frequency of collisions

force of each collision
n/V

molar concentration,
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The oscillations, the van der Waals loops, are unrealistic because they 
suggest that under some conditions an increase of pressure results in 
an increase of volume
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van der Waals 
…equation
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Critical point
Tc, pc, Vc

Região Supercritica

T>Tc

Critical point

pc = Critical pressure

Vc = Critical Volume

Tc = Critical temperature

T<Tc T~Tc T<Tc
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C
Critical point
Tc, pc, Vc

VLE
T, p

D
Liquid phase (E)

E
Liquid phase (E)
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The principle of corresponding states

The observation that real gases at the same reduced volume and 
reduced temperature exert the same reduced pressure is called the 
principle of corresponding states.

reduced temperature

reduced volume

reduced pressure
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The principle of corresponding states

Tc = Critical temperature
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The principle of corresponding states

SAME FOR ALL GASES!
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van der Waals …equation

Deviation from ideal behavior

1 mol of N2
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Virial coefficients

𝑍 =
𝑉𝑚
𝑉𝑚0

𝑉𝑚 = 𝑅𝑇/𝑝𝑝𝑉𝑚 = 𝑅𝑇. 𝑍

Virial equations of state
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Virial coefficients
TEMPERATURE DEPENDENCE

Virial equations of state
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molecular electrostatic potential (MEP) of 
CO2 (left) and CS2 (right)
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Cubic equation !!

a X3  +  b X2    +  c X +  d  = 0
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