
Osmotic pressure [tln26]

Consider a dilute solution. It consists of a sol-
vent (e.g. water) and a solute (e.g. sugar). Sys-
tem A (pure solvent) is separated from system
B (solution) by a membrane that is permeable
to the solvent only. At thermal equilibrium, this
causes an excess pressure in system B, which is
called osmotic pressure.
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System A: pressure p0, concentrations xS = 0, xW = 1.
System B: pressure p = p0 + π, concentrations xS = 1− xW � 1.

Observed osmotic pressure: π = ρBgh, where ρB is the mass density of B.

The osmotic pressure is a consequence of the requirement that the solvent
on either side of the membrane must be in chemical equilibrium:

µW (T, p, xW ) = µW (T, p0, 1).

(1) Effect of solute concentration on chemical potential:
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W ≡ µW (T, p, xW )− µW (T, p, 1) = RT ln xW = RT ln(1− xS) ' −RTxS.

(2) Effect of pressure on chemical potential: (use nW = nxW , nS = nxS)
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At thermal equilibrium: ∆µ
(1)
W + ∆µ

(2)
W = 0 ⇒ V π

n
−RTxS = 0.

Van’t Hoff’s law for osmotic pressure: π =
RTnS

V
.


