
Ionic Soft Matter: Dissociation Equilibrium [pln61]

Soft materials may contain ionic groups that dissociate in water environment:

• charged colloids (with charges spread across surface),

• charged polymers (poly-electrolytes),

• charged micelles (with charges on headgroups of amphiphiles).

Ions attached to macro-molecules or aggregates become immobile macro-ions.
In a macro-electrolyte, a significant fraction of ions are bound, unlike in a
normal electrolyte. The absence/presence of bound charges matters.

The state of ionic soft matter is controllable in three principal ways:

• pH (H+ concentration),

• salinity (concentration of salts with ionic bonds dissociated),

• electric field.

Dissociation equilibrium in normal electrolyte:

Equilibrium condition for AB � A+ +B− governed by chemical potentials:

µAB = µA+ + µB− . (1)

Dependence of chemical potentials µi on (scaled) molar densities ni, assuming
all three solute components to be dilute (see pln30]):1

µi = µ
(0)
i (T, p) + kBT ln(ni/n0). (2)

Using the notation ni/n0
.
= [i], we infer from (1) and (2) the mass action

rule,
[A+][B−]

[AB]
= KAB, KAB

.
= eβ(µ

(0)
AB−µ(0)

A+−µ(0)
B− ), (3)

where KAB is the dissociation constant. The associated pK value is

pKAB
.
= − log10KAB. (4)

Level of pH:

For the case of dissociation of the solvent (water) molecules,

H2O � H+ + OH−,

the unit n0 is chosen such that [H2O] = 1.

1The customary unit is n0 = 1mol/dm3.



The simplified mass action rule reads

[H+][OH−] = Kw =
(
10−7

)2
, (5)

with [H+] = [OH−] for pure water. The pK of water, pKw = 14, is an
empirical constant.

The level of pH is associated with the (scaled) number density [H+]:

pH
.
= − log10[H

+]


> 7 : alkaline
= 7 : neutral
< 7 : acidic

(6)

• Adding hydrochloric acid to water, where it partially dissociates,

HCl � H+ + Cl−,

forces an increase in [H+]. Condition (5) forces a decrease in [OH−].
The pH is lowered in the process. Charge neutrality is maintained as
OH− ions are being replaced by Cl− ions.

• Adding sodium hydroxide (lye) to water, where it partially dissociates,

NaOH � Na+ + OH−,

forces an increase in [OH−]. Condition (5) forces a decrease in [H+].
The pH is raised in the process. Charge neutrality is maintained as H+

ions are being replaced by Na+ ions.

Saturation effect: lowering pH increasingly suppresses dissociation of acid.

Equilibrium conditions:

[H+][Cl−]

[HCl]
= KHCl = 10−pKHCl , [H+] = 10−pH. (7)

Probability of dissociated acid:

PCl− =
[Cl−]

[Cl−] + [HCl]
=

1

1 + [HCl]

[Cl−]

=
1

1 + [H+]
KHCl

=
1

1 + 10pKHCl−pH
. (8)

The rate of dissociation is 50% when pH = pKHCl. In like manner, the
dissociation of lye is increasingly suppressed as the pH rises.
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Dissociation equilibrium in macro-electrolyte:

Consider a macro-electrolyte with both acidic groups HA and alkaline groups
BOH. We now know that a low pH increasingly suppresses dissociation of
the former and a high pH increasingly suppresses dissociation of the latter.

In consequence, the charge Q on the macromolecules changes gradually from
positive to negative with increasing pH, crossing a point of zero charge at a
specific level of pH. In a uniform and constant electric field ~E, a change in
pH may switch the direction in which such macromolecules drift.

In the presence of macro-electrolytes (e.g. poly-electrolytes) the dissociation
equilibrium condition deviates from (3). Dissociation of nearby acidic or
alkaline groups is inhibited by electrostatic effects. Dissociation along the
poly-electrolyte is strongly correlated over a characteristic length, named
Bjeruum length, which is just under 1nm in water at room temperature.

[gleaned from Doi 2013]
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