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8 The Osmotic Pressure

= Some membranes allow the passage of small molecules like
water, yet do not allow larger molecules like sucrose to pass

through them

= Such a semipermeable membrane is an essential

component in medical technologies such as kidney dialysis

= The process in which the solvent diffuses through a

membrane and dilutes a solution is known as oSmaosis

=" The amount by which the pressure in the solution is raised

is known as the osmotic pressure
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8 The Osmotic Pressure

= To understand the origin of the osmotic pressure, denoted by m, the equilibrium condition

is applied to the contents of the sac and the surrounding solvent

solution N
Msolvent (Ta P + m, xsolvent) = /-Lsol’vent(T’ P)
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" Because W for the solvent is lower in the solution than in the pure solvent, only an

increased pressure in the solution can raise its sufficiently to achieve equilibrium with the

pure solvent

. * c—
Mﬁgﬁ%ﬁfﬂf (Ta P + T, X510 TV + RT In Xsolvent — 0 RT In xgo1p0ns

© 2013 Pearson Education, Inc.



8 The Osmotic Pressure

7V, + RT In Xeotvent = O
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1 = Ini’l = 25 . _ Msolute . Dsolute
N Xgolvent = n( xsolute) ~ Xsolute — + ~
Rsolute Nsolvent Nsolvent
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Real Solutions Exhibit Deviations
from Raoult’'s Law

Imagine a huge volume of pure water at 25°C.

When a further 1 mol H,O is added, the volume increases by 18 cm?. So, we can report

that the molar volume of water is 18 cm? mol™L.

When we add 1 mol H,O to a huge volume of pure ethanol, the volume increases by only

14 cm?.
The quantity 14 cm?® mol™ is the partial molar volume of water in pure ethanol.

In general, the partial molar volume of a substance 1 in a mixture is the change in volume

per mole of 1 added to a large volume of the mixture.

_ %
Vil iy ma) = ( )
ony/p,r,n,



Real Solutions Exhibit Deviations
from Raoult’'s Law

= With this definition, the composition of a mixture is changed by the addition of dn, of
1 and dn, of 2

AV = Vidn, + V,dn,

V = HIVI(P, T, ni, 1’22) o} I”leQ(P, T, n, I’lz)

© 2013 Pearson Education, Inc.

82.0 — 75.0
~ 745

815 -
— —Np; — 81.0 _ "
dVl - de ! - 735
Tl1 80.5 73.0

] 725
80.0 -

72.0

Partial molar volume of chloroform/cm3 mol—1

79.5 ]
] 715

| —|OW ¢WO/8U0}B0. JO BWNJOA Jejow [enled




Real Solutions Exhibit Deviations
from Raoult’'s Law

= Molar volumes are always positive, but partial molar quantities need not to be

= for example, the limiting partial molar volume of MgSO, in water (its partial molar volume

in the limit of zero concentration) is =1.4 cm? mol™

* This means that the addition of 1 mol MgSO, to a large volume of water results in a

decrease in volume of 1.4 cm?

= The mixture contracts because the salt breaks up the open structure of water as the ions

become hydrated, and it collapses slightly



1 O The Ideal Dilute Solution

|deal dilute Ky
solution

® (Henry)

7

i [2H

|deal solution
(Raoult)

1
Mole fraction of B, x;

= An ideal dilute solution is a solution in which the solvent is described using Raoult’s law and

the solute is described using Henry’s law.



“Solvent Activity”

" Justas for an ideal solution, at equilibrium the chemical potentials of a component in the gas

and solution phase of a real solution are equal.

. P o
E S l
plouion — ¥ + RTIn— P; # x;P; deal dilute
Pi solution
(Henry)
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Pressure

P 2
solvent solution __

— *
Asolvent — P*[ M = Jb: T RT In a;
solvent

|deal solution
(Raoult)
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“Solvent Activity”

The activity and the mole fraction are related through the activity coefficient

_ Ugsolvent
Ysolvent —

Xsolvent
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The activity plays the same role for a component of a solution that the fugacity plays for a

real gas in expressing deviations from ideal behavior

In both cases, ideal behavior is observed in the appropriate limit, namely, P = O for the gas,

= 0orx

and x = 1 for the solution

solute solvent



“Solute Activity”

» for a solute that satisfies Henry’s law

solution _  *
Psolute = — Msoipre + KT 1D
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