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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#16
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Physical transformations of   pure substances
CHAP . #4

EoS The Gibbs–Helmholtz equation

Clapeyron Equation

Gibbs energy

𝐺 = 𝐻 − 𝑇𝑆
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Physical transformations of   pure substances

CHAP . #4

Clapeyron equation

Shape of  the curve!

Could be positive

or negative!!fusV

Clausius–Clapeyron
Solid -Liquid ..condensed phases

Clausius–Clapeyron equation
(liquid (or solid) /gas)

High slope !! Vertical line

Exponential dependence
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The thermodynamic description of  mixtures

Water, nA
Ethanol, n

Water +Ethanol+A B A + B

A(T,p )

(T,p )

B(T,p )

EoS .. A+B(T,p, nA + nB)EoS .. A EoS .. B
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The thermodynamic description of  mixtures

Partial molar quantities

Water Ethanol

Water +Ethanol

Partial molar volume of  a substance A in a mixture 

volume per mole of  A added to a large volume of  the mixture.

+
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The thermodynamic description of  mixtures

Partial molar quantities

Partial molar volume of  a substance A in a mixture 

volume per mole of  A added to a large volume of  the mixture.

A B
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The thermodynamic description of  mixtures Partial molar quantities

Partial molar volume of  a substance A in a mixture 

volume per mole of  A added to a large volume of  the mixture.

A B
hypothetical

Volume of  A and B

Change of

de volume

Total

Volume

of  mixture
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The thermodynamic description of  mixtures Partial molar quantities

Partial molar volume of  a substance A in a mixture 

volume per mole of  A added to a large volume of  the mixture.

Parabolic

Funtion!!

Minimum @ ~ 20% mass
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The thermodynamic description of  mixtures Partial molar quantities

𝑑𝑉 =
𝜕𝑉

𝜕𝑇
𝑝,𝑇,n𝑖,n𝑗

. 𝑑𝑇 +
𝜕𝑉

𝜕𝑝
𝑝,𝑇,n𝑖,n𝑗

. 𝑑𝑝 +
𝜕𝑉

𝜕𝑛𝑖
𝑝,𝑇,n𝑖

. 𝑑n𝑖
Change of

de volume

Temperature

effect

Pressure

effect

Composition

effect

V(T, p, ni, nj )

volume

State 1

V(T, p, ni, nj ) + dV

volume

State 2

By changing 

T, p, n 

(Isothermal compressibility)(Thermal Expansion)
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The thermodynamic description of  mixtures Partial molar quantities

Partial molar Gibbs energies

Partial molar quantity can be extended to any extensive state function

Total Volume

of  mixture
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The thermodynamic description of  mixtures Partial molar quantities

Partial molar Gibbs energies

Temperature

effect

Pressure

effect

Composition

effect

Change of

Gibbs energies
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The thermodynamic description of  mixtures Partial molar quantities

Gibbs–Duhem equation

chemical potential is the contribution of  that substance

to the total Gibbs energy of  the mixture

Because G is a state function

Gibbs–Duhem equation | 
the chemical potential of  one component of  a mixture cannot change independently of  

the chemical potentials of  the other components.
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The thermodynamic description of  mixtures Partial molar quantities

Gibbs–Duhem equation

Gibbs–Duhem equation | 
the chemical potential of  one component of  a mixture cannot change independently of  

the chemical potentials of  the other components.

Applies to all partial molar quantities !!!
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The thermodynamic description of  mixtures Partial molar quantities

Gibbs–Duhem equation

Applies to all partial molar quantities !!!

For the partial molar volume: 


