
Solid-Liquid Interface

• Adsorption from Solution

A

B

At lest 2 competing species

A  : solute molecules 

B  : solvent molecules

Reaction:
A(solute in solution)+B(adsorbed solvent)      A(adsorbed)+B(solution)

At equilibrium 

Dilute solution

Represent activities by concentration in solution, and mole fractions on surface 
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If surface has fixed no of sites

Can also derive BET equation:    C/C0 instead of P/P0

C0: saturation concentration, i.e., precipitation of solute at interface
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Electrical Effects at Solid-Liquid Interface

• Charged surface : preferential adsorption of cations or anions

Diffuse layer



Basics of Electrochemistry

When we immerse a piece of zinc metal in pure water, a small number of zinc atoms 
go into solution as Zn2+ ions, leaving their electrons behind in the metal:

Zn(s) à Zn2+ + 2e-

As this process goes on, the electrons which remain in the zinc cause a negative
charge to build up which makes it increasingly difficult for additional positive
ions to leave the metallic phase. A similar buildup of positive charge in the
liquid phase adds to this inhibition. Very soon, therefore, the process comes
to a halt, resulting in a solution in which the concentration of Zn2+ is so low
(around 10-10 M) that the water can still be said to be almost “pure".



Potential differences at interfaces
The transition region between two phases consists of a region 
of charge unbalance known as the electric double layer. 
- inner monomolecular layer of adsorbed water molecules 

and ions, 
- outer diffuse region that compensates for any local charge 

unbalance that gradually merges into the completely 
random arrangement of the bulk solution. 

In the case of a metal immersed in pure water, 
- polar water molecules adsorb to the surface and 

orient themselves so as to create two thin planes of 
positive and negative charge. 

If the water contains dissolved ions, 
- some of the larger (and more polarizable) anions will 
loosely bond (chemisorb) to the metal, 
creating a negative inner layer which is compensated by 
an excess of cations in the outer layer.

The slight unbalance in the electric charges of the electrode and the solution give potential 
differences between the two phase.  
These potential differences can be related to the thermodynamics and kinetics of electrode 
reactions. In particular, manipulation of the interfacial potential difference affords an important 
way of exerting external control on an electrode reaction.



Interfacial potential differences are not directly observable

• The usual way of measuring a potential difference between two 
points is to bring the two leads of a voltmeter into contact with 
them. 

• It’s simple enough to touch one lead of the meter to a metallic 
electrode, but there is no way you can connect the other lead to 
the solution side of the interfacial region without introducing a 
second electrode with its own interfacial potential, so you would 
be measuring the sum of two potential differences. 

• Thus single electrode potentials, as they are commonly known, 
are not directly observable.



Electrochemical Cells

Fig: A simple electrochemical cell
The two compartments of this cell are separated by 
a porous barrier that allows ions to pass through 
while preventing gross mixing of the two solutions. 
When the two electrodes are connected, charges 
flow in the directions indicated. Note that the 
buildup of positive charge on the left side can be 
offset either by diffusion of Zn2+ to the right or (less 
efficiently) by Cl– to the left.

We can easily measure a potential difference between two such electrodes 
immersed in a solution. The result will be the sum of the two electrode 
potentials.

anode: oxidation cathode: reduction
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Standard Half-cell Potentials
Measure the potential in relation to the potentials of other half cells. 
In particular, if we adopt a reference half-cell whose potential is arbitrarily 
defined as zero, and measure the potentials of various other electrode 
systems against this reference cell, we are in effect measuring the half-cell 
potentials on a scale that is relative to the potential of the reference cell.
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Differential Ion Solubility
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Define a standard state as 

- called the Point of Zero Charge (PZC)

At the PZC
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(oxide surfaces)

Hydroxylation of surface
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Clay Minerals

Apparent 
Potential

Edge  +/-

Two sources of change
- Face charge (fixed by substitution): always –
- Edge (like oxide surface): + at low pH, - at high pH

Card house structure

Face  -

pH2~3

PZC edge appears to be ~pH7



Coulomb’s Law
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• In the presence of dielectric medium

� = ���� �� : relative permittivity

~80 for water at 20oC
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Electric Potential at r: work required to bring unit charge 
from infinity to r
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Derivation of the Gouy-Chapmann Model

• In solution phase, potential at any point is given by the Poisson Eq.

• Distribution of ions at a point with potential Ψ is given by Boltzmann 
Distribution
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e = charge of an electron
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• Can be simplified if        is small (<<1) everywhere

• For zi=1 at room temp.  

• For electric neutrality
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• For infinite flat plate: one dimensional,

• Solution

• Complete solution without approximation for z:z electrolyte 
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• Symmetric electrolyte: Na+Cl-, Mg2+SO4
2-

• For 1:1 electrolytes:  |z|=1
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Surface Charge
• Fixed by adsorption of P. D. ions or by lattice substitution

Electroneutrality:  �� = −��
	��: surface charge, ��: double layer charge

�� = ∫ ��� = −
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Poisson Eq.
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At low potentials (D-H Approx.)
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Problems with Gouy-Chapmann Model

• Calculated capacity >> measured values because size of ions is 
not considered.

• Calculated ionic concentrations are sometimes ridiculous.

ü Surface with Ψ�=-200 mV in presence of NaCl

- Adjacent to surface  Ψ ≈ Ψ�
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