QF' DQB Lecture#16

Quimica-Fisica

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.
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QF. Physical transformations of pure substances
Quimica-Fisica CHAP ) #4
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The thermodynamic description of mixtures
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Quimica-Fisica The thermodynamic description of mixtures
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Partial molar quantities

Partial molar volume of a substance A in a mixture
58 volume per mole of A added to a large volume of the mixture.
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18
56

Water +Ethanol

16

Partial molar volume of water, V(H,0)/(cm’ mol”)

14

(,Joul ,Wo)/(HO'H'D)A 'OUBL JO SWINJOA Jejow [eled

| | 1 |
0O 0.2 0406 08 1

Mole fraction of
ethanol, x(C,H,OH)

DQB. FCUP Luis Belchior Santos | 2024



QF.

Quimica-Fisica The thermodynamic description of mixtures

Partial molar quantities

Ethanol
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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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QF.

Quimica-Fisica The thermodynamic description of mixtures

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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Quimica-Fisica The thermodynamic description of mixtures

Partial molar volume of a substance A in a mixture

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

A polynomial fit to measurements of the total volume of a water/ethanol mixture

at 25°C that contains 1.000 kg of water is
v =1002.93 + 54.6664x — 0.363 94x% + 0.028 256x3

where v = V/cm?, x = ng/mol, and ny, is the amount of CH,CH,OH present. The

partial molar volume of ethanol, Vi, is therefore

aVv d(V/cm?)
Ve=| = = —— cm?® mol™ =
ong o T d(ng/mol) o T J

Then, because
dv

dx

=54.6664 — 2(0.36394)x + 3(0.028256)x2

we can conclude that
Ve/(cm? mol™) = 54.6664 — 0.72788x + 0.084768x

Figure 5.3 is a graph of this function.
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Quimica-Fisica The thermodynamic description of mixtures Partial molar quantities
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Quimica-Fisica The thermodynamic description of mixtures Partial molar quantities

Partial molar Gibbs energies

Partial molar gnantity can be extended to any extensive state function

oG
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Gibbs energy, G
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Fig. 5.4 The chemical potential of a
substance is the slope of the total Gibbs
energy of a mixture with respect to the
amount of substance of interest. In general,
the chemical potential varies with
composition, as shown for the two values
at a and b. In this case, both chemical
potentials are positive.
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Quimica-Fisica The thermodynamic description of mixtures Partial molar quantities
Partial molar Gibbs energies G=U+pV-TS
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Quimica-Fisica The thermodynamic description of mixtures Partial molar quantities

, | G=U+pV-TS
Gibbs—Duhem equation

G=n A ‘u A + ”B H B chemical potential is the contribution of that substance
to the total Gibbs energy of the mixture

dG= ‘uAd 1A + ‘qu g N nﬂdﬂﬁ * anJuB — Because G is a state function
dG:uAdrIA+de}1B+- . rIAdyA+ anHB:O
Z ndu; =0 1,
I ]  —— d‘uB = —— d‘uA
] My

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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Quimica-Fisica The thermodynamic description of mixtures Partial molar quantities

Gibbs—Duhem equation 18.079
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Quimica-Fisica The thermodynamic description of mixtures Partial molar quantities

Gibbs—Duhem equation 40 18.079
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Applies to all partial molar quantities !!! 7 3
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