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Chemical potential of liquids

Pure A

liquid vapour
— %

wia) = u,(g)+RTInp;

!

palp°

A and a solute B

u,(1)=u, (g)+RTInp,

!

Partial pressure

Alg) + Blg)
u,lg, p)

Il
()
A(l) + B(1)

At equilibrium, the chemical potential of the
gaseous form of substance A is equal to the
chemical potential of its condensed phase.

This equality is preserved even if a solute is
present.
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Chemical potential of liquids

I|qU|d vap{)ur

(1) = uﬁgHRTlnpﬁ
L. (g) = wi(1) = RTIn p}

In @ mixture l

M, (1)= ,uf(g) +RTInp,

1. (q)

i, (1)=u,(1)—RTInp; +RTInp,

partial vapor pressure
— 1*(1)+RTIn 2
A vapor pressure when
present as the pure
liquid

From Raoult’s Law:

()= p;(1)+RTInx,

Chemical potential
lideal solution]
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Raoult's Law

By Francois Raoult (1830 —1901)

Pa=X\Px

l

Mole fraction in the liguid phase

The vapor pressure of a solvent above a solution is equal to the vapor pressure of the
pure solvent at the same temperature scaled by the mole fraction of the solvent
present
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Vapor Pressure Diagram
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Raoult's Law

By Francois Raoult (1830 — 1901)

=

Pressure

Pa=X\PaA

Total pressure

Partial
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Partial pressure
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Ideal solutions (ideal mixtures)

AH>0 : Endothermic Reaction
Mixing

H

products H reactants — AH soln -

products have more energy than the reactants

AH<O0 : Exothermic Reaction

reactants have more energy than the products

For an ideal solution AH_ . =0

The solvent-solvent and solute-solute intermolecular forces are approximately as strong
as the solvent-solute interaction
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Deviation from Raoult's Law

Vapour pressure of solution

Vapour pressure ——»

XA=0 Mole fraction Xp=1
Xg = 1 Xp—> Xg = 0
C'—XB

Ethanol + Acetone

Vapour pressure of
solution

Vapour pressure ——»

X4=0 Mole fraction Xa=1
Xg = 1 Xp—»> Xg = 0
Q—XB

Ethanol + Water



Deviation from Raoult's Law

Vapour pressure of solution

4
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Xa=0 Mole fraction Xz=1
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Ethanol + Acetone

H > ()

mMIxXing

Vapour pressure of
solution

Vapour pressure ——»

X4=0 Mole fraction Xa=1
XB =1 xA‘_” XB =0
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Ethanol + Water

H <0

mixing
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Henry's law Ky is an empirical constant (with the dimensions of pressure)

— Henry's law
pB xEKE [ideal-dilute solution]
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Henry's law constant

Kg is chosen so that the plot of the V5 vs X; is tangent to the experimental
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Henry's law constant

Kg is chosen so that the plot of the V5 vs X; is tangent to the experimental

curve atx; =0

Limiting laws:

Henry’s Law achieving reliability as x; > 0

Raoult’s Law achieving reliability as xg > 1

Pressure, p

Real
solution

Ideal-dilute
solution
(Henry)

ldeal solution
(Raoult)

Mole fraction of B, x, 1
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Ideal-dilute solutions

Mixtures for which the solute B obeys Henry’s law and the solvent A obeys Raoult’s
law are called ideal—dilute solutions.



Ideal-dilute solutions

Mixtures for which the solute B obeys Henry’s law and the solvent A obeys Raoult’s
law are called ideal—dilute solutions.

Ideal-dilute
solution
(Henry)

Real
solution

Pressure, p

Ideal solution
(Raoult)

0 Mole fraction of B, x, 1



Henry's law constants

Henry's law constants for gases in water at 298K

K/(kPa kg mol ')

CO, 3.01 x 10°
H, 1.28 % 10°
N, 1.56 x 10°
0, 7.92 x 10"

For practical applications, Henry’s Law can be expressed in terms of molality instead of pressure.



Example- Henry's law

estimate the molar solubility of oxygen in water at 25°C
and a partial pressure of 21kPa

K/(kPa kg mol ')
CO, 3.01 x 10°
H, 1.28 x 10°
N, 1.56 x 10°

0, 7.92 x 10*




Henry's law

estimate the molar solubility of oxygen in water at 25°C
and a partial pressure of 21kPa

b . pDE
0, K-:::r;_
K/(kPa kg mol ')
CO, 3.01 x 10°
H, 1.28 x 10°
N, 1.56 x 10°

0, 7.92 x 10*




Henry's law

estimate the molar solubility of oxygen in water at 25°C
and a partial pressure of 21kPa

_pD 21kPa —4 -1
-2 = =2.9%10" mol
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0, 7.92 x 10*




Henry's law

estimate the molar solubility of oxygen in water at 25°C
and a partial pressure of 21kPa

Po 21kPa DU
=2 = =2.9%10"" mol
bﬂ'z K,  79%10"kPakgmol™ ke

If density p =0.997 kg dm™3



Henry's law

estimate the molar solubility of oxygen in water at 25°C
and a partial pressure of 21kPa

Po 21kPa DU
=2 = =2.9%10"" mol
bﬂz K,  79%10"kPakgmol™ ke

If density p =0.997 kg dm™3

[0,]=b, p=(2.9x10" molkg™)x(0.997kgdm™)

=0.29mmoldm™



The vapour pressures of each component in a mixture of pro-
EXClﬂ'\P'e panone (acetone, A) and trichloromethane (chloroform, C)
were measured at 35 °C with the following results:

*e 0 0.20 040 0.60 0.80 ! Confirm that the mixture conforms to Raoult’s law for the
pc/kPa 0 47 11 18.9 267 364 component in large excess and to Henry’s law for the minor

p./kPa 46.3 33.3 233 12.3 4.9 0 component. Find the Henry’s law constants.



The vapour pressures of each component in a mixture of pro-
Examp|e panone (acetone, A) and trichloromethane (chloroform, C)

were measured at 35 °C with the following results:

*e 0 0.20 040 0.60 0.80 ! Confirm that the mixture conforms to Raoult’s law for the
pc/kPa 0 47 11 18.9 267 364 component in large excess and to Henry’s law for the minor
p./kPa 46.3 33.3 733 12.3 4.9 0 component. Find the Henry’s law constants.

Raoult’s law => straight-line p, = x, p,* in the region in which it is in excess

Henry’s => straight line p, = X K is tangent to partial vapor pressure curve at low X|



The vapour pressures of each component in a mixture of pro-
EXGmPIZ panone (acetone, A) and trichloromethane (chloroform, C)
were measured at 35 °C with the following results:

Xc 0 0.20 0.40 0.60 0.80 1 Confirm that the mixture conforms to Raoult’s law for the
pc/kPa 0 47 11 18.9 267 364 component in large excess and to Henry’s law for the minor
p./kPa 46.3 333 233 12.3 4.9 0 component. Find the Henry’s law constants.
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The vapour pressures of each component in a mixture of pro-

Confirm that the mixture conforms to Raoult’s law for the

component in large excess and to Henry’s law for the minor

component. Find the Henry’s law constants.

Henry’s law constants:
K, = 24.5 kPa for acetone

K. = 23.5 kPa for chloroform

EXGmPIG panone (acetone, A) and trichloromethane (chloroform, C)
were measured at 35 °C with the following results:
X 0 0.60
p./kPa 0 18.9 36.4
p/kPa 463 333 12.3
50
cKp*{a{:et:
40—
o yroform
= 30 2
)
= — Klaceto _
§ 20 —
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Henry's lay

Mole fraction of chloroform, x{CHCI3]
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