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
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Focus 5: Simple mixtures

TD description of mixtures

Properties of solutions

D
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nase diagrams of binary systems

nase diagrams of ternary systems

nermodynamic activity
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Liquid mixtures to form ideal solutions

Chemical potential
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Liquid mixtures to form ideal solutions

Chemical potential

*
Ju] — 4“’] +RT lnx] [ideal solution]

G =n, U +ngly

G.=n,(uy +RTInx,) +ny(u; + RTlnx,)
A_.G=nRT(x,Inx, + xzInx,)

A_ S=-nR(x,Inx, +x,Ilnx,)

mix

A . H=0

mix

Gibbs energy of mixing
[ideal solution]

Entropy of mixing
[ideal solution]

enthalpy of mixing
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Liquid mixtures to form ideal solutions

Chemical potential
[ideal solution]

W, = u;’+RTlnxl

G, =n, Uy +nglg

G.=n,(uy +RTInx,) +ny(u; + RTlnx,)

A . G=nRT(x,Inx, +x;Inx;)  —

A_ S=-nR(x,Inx, +x,Ilnx,)

A . H=0

mix

The change in volume on mixing
(ideal), is zero

(0G/dp),=V
Amix"f = (aAmle/ap) T

A...Gis independent of
pressure



Liquid mixtures to form ideal solutions

o Chemical potential The change in volume on mixing
Ju] — 4“’] +RT IHI] [ideal solution] (ideal), is zero
Gy= 3 + ot G/ =V

Amix"f = (aAmle/ap) T
G.=n,(uy +RTInx,) +ny(u; + RTlnx,)

A . G=nRT(x,Inx, +x;Inx;) mmmmm 0, G is independent of
pressure

A_ S=-nR(x,Inx, +x,Ilnx,)
A_V=0.

mix

A . H=0




Liquid mixtures to form ideal solutions

Gibbs energy and entropy of mixing two liquids that form an ideal solution
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Liquid mixtures to form ideal solutions

Gibbs energy and entropy of mixing two liquids that form an ideal solution

G/nRT
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Mole fraction of A, x, Mole fraction of A, x,

Ami:{G = ﬂRT(xA ln xA + xE 111 xE‘.) AmixS =-nR (xﬂ In XA + Xp In ‘xH)



Example

Consider a mixture of benzene and methylbenzene, which
form an approximately ideal solution, and suppose 1.0 mol

C.H.(l) is mixed with 2.0mol C.H.CH,(l).
Find the molar Gibbs energy and entropy of mixing at 25 ©C

AmixG = nRT(xﬂ lnxA + xB 111 xE’.) Amixs = _HR('X& In XA + Xp In ‘xB)



Example

Consider a mixture of benzene and methylbenzene, which
form an approximately ideal solution, and suppose 1.0 mol
C.H,(1) is mixed with 2.0 mol C.H.CH,(I). For the mixture,

= 0'33 and ‘xmcth}!lbcnzenc = 0'67'
RT =2.48Kk] mol™
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Example

Consider a mixture of benzene and methylbenzene, which
form an approximately ideal solution, and suppose 1.0 mol
C.H,(1) is mixed with 2.0 mol C.H.CH,(I). For the mixture,

= 0'33 and ‘xmcth}!lbcnzenc = 0'67
RT =2.48Kk] mol™

‘xhcnzenc

A_. G/n=(2.48K] mol™) %X (0.331n0.33 + 0.671n0.67)
=—1.6k] mol™

A_.S/n=—(8.3145] K 'mol™) x (0.331n0.33 + 0.671n0.67)
=+45.3] K" mol™

AmixG = HRT(J{& lnxA + xEln xE’.) Amixs = _”’R(xﬁ In XA + Xp In ‘xB)
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If AG >0 liqui-ds are immiscible.




Real solutions

A-A, A-B, and B-B interactions are all different.

If AG >0 liqui-ds are immiscible.

If partially miscible => miscible only over a
certain range of compositions
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E ideal Excess function
X =AmixX o AmixX [definition]



Excess functions
XE=An X = A X ichiiion)

HE =A . H

VE = AmixV



Excess functions

E ideal Excess function
‘X _AmixX o AmixX

[definition]

benzene/cyclohexane;

HE i} AmiXH 800 : ré:g(%o\?
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(a) x(CH,)
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Excess enthalpy

Nearly symmetric



Excess functions

E ideal Excess function
X =AmixX o AmixX [definition]
benzene/cyclohexane; tetrachloroethene/cyclopentane
800 T 8

VE =A .V

I

HE = Amixl_I fﬁa@
= 0057 A T /f%%
s 3%% WE 0

émo f 5_4% C/

0 12
0 0.5 1 0 0.5 1
(a) x(CH,) (b) x(C,Cl,)

Nearly symmetric
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Regular solutions

HE%+ 0 but SE = (. A theoretical concept in thermodynamics



Regular solutions

HE%+ 0 but S‘E = 0. A theoretical concept in thermodynamics

Entropy change is similar to an ideal solution, but not the enthalpy change



Regular solutions

H®# 0 but S = 0.
E_
H" =n&RTx,x,



RZQUICU" solutions A measure of A-B interactions
compared to A-A and B-B

H®# 0 but $*=0. 1
E_
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R@gUle’ solutions A measure of A-B interactions
compared to A-A and B-B

H®# 0 but $*=0. 1
E_
H" =n&RTx,x,
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RZQU'GF‘ solutions A measure of A-B interactions
compared to A-A and B-B

H®# 0 but $*=0. 1
E_
H" =n&RTx,x,

é >0, +0.5 / \

HE/nRT
o
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Regular solutions

HE% 0 but S = 0.

>0,
mixing is endothermic.

A-A and B-B interactions are more favorable

E<0.

mixing is exothermic
A-B interactions are more favorable

+0.5

HE/nRT
o

A measure of A-B interactions
compared to A-A and B-B

1

H" =néRTx,x,
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ideal value
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Regular solutions $"=0
ideal value
A1 T ﬂ"mixs

JHES

A, G=nERTx, x,
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Regular solutions $"=0
ideal value
ﬁ H - T "ill"r'ni;;5

ITHI3

A_ G=nERTx, x,—T[-nR(x,Inx, + x,Inx,)]

A_G =nRT(x,Inx,+ x;Inx;+ Ex, xp)



Regular solutions $"=0

ideal value

‘fj"nixH - T ﬂmihs

A_ G=nERTx, x,—T[-nR(x,Inx, + x,Inx,)]

A_G =nRT(x,Inx,+ x;Inx;+ Ex, xp)
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V
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T
—




Regular solutions §" =

0

ideal value

A

—mix

H - T A

Friis

A G=nERTx,x,~T[-nR(x, Inx, + x,Inx,)]

A_G =nRT(x,Inx,+ x;Inx;+ Ex, xp)
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Double minima
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