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Theory of Electric Double Layer(EDL)
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Properties of the liquid layer adjacent to the solid phase
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Intermicellar solution or Outer solution
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Electric Double layer

e The negative surface and the distributed charge in the adjacent
phase are together termed the “diffuse double layer”

University of Basrah/College of Agriculture/Dept.of Soil Science and Water Resources



Diffuse Double layer(DDL)
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Diffuse Double Layers

The surface of a clay particle, being negatively charged, attracts positive
ions.

This region of attracted positive ions in solution and the negatively
charged surface of the clay is termed the ‘diffuse

double layer.
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Diffuse Double Layer (DDL)
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 1.They are attracted towards the surface by the electric field (Adsorption Tendency).
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e 2.They tend to distribute theme selves evenly through the solution by a diffusion (
Diffusion Tendency)
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Electric Double Layer Theories
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1)) Helmholtz Theory (1879)of DDL
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D: Dielectric constant (b ¢Sl Jjal) <
n:Constant (22/7=3.14)
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Helmholtz Theory (1879)of DDL
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Clay Soil solution
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FIGURE 6.31 Helmholtz double layer.
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2)) Gouy-Chapman Theory for a single Flat Double Layer (1910)
((Diffuse Double Layer, DDL)
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((The concentration of the counter ions is highest in the immediate vicinity of
the surface and decrease at first rapidly and then asymptotically to the inter
micellar solution of uniform composition))
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FIGURE 6.32 Potential distribution in a diffuse double layer.
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Gouy-Chapman theory <lua 2
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C,= C,° exp(- AE/KT) (Boltzmann law)

Where :
C,: Concentration of cation(mole/I) at a distance X from Surface
C,°: Concentration of cations in the bulk solution(mole/I)
AE = (E1-E2) the differences in potential energy of ions in attractive field
AE = Zey
Z: valence
e: electric charge
J:electri potential
K:Boltzman constant
T: absolute temperature
9oAS 6 e [ @l el aladl QB = le 38 g il
Avogadro number=6.02252 X 1023 formula unit/mole
R= Universal gas constant= 1.98717 cal. deg*.mole
= 8.3143 joules . deg*.mole™
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Volume charge density = C*Ze or CZe



Net Volume charge density danal) Aoanl) 48U (il

O =C'Ze - CZe

= Ze(C* - C)

= Ze [C,* exp(-ZeP/KT) - C," exp(Ze/KT)]
When C,*=C,
O = ZeC,[ exp((-ZeW/KT) - exp(Zey/KT)]
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Electric potential P =L ¢St 2¢)
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W =4, exp(-K,)

W_= electric potential at distance X
Y, . surface potential

K= constant associated with concentration, valence of ions, dielectric constant, and
temperature

At room temperature (25°C)
K= 3 x 107 ZC°>
Z= valence of the ion
C= concentration of ion in bulk solution in mole/I
A 92 jal) Auily g ABudal) clans (bl padid) B 1 /K (gIK sla O g
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TABLE 6.7

Effect of Concentration and Valencies of lons on Thickness of the Diffuse Double Layer

Thickness of Difuse Double Layer, 1/K (cm)

Electrolyte Concentration (mol/L) Monovalent lons Divalent lons
Ix10° I x 107 0.5x 10
I x 10 | x 104 0.5 x 10+
1 %10 %107 0.5%107

Source: Adapted from Verwey, E.J. W,, and J. T. G. Overbeek. Theory of the Stability of Lyophobic Colloids, Elsevier, New

York, 1948,
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3)) The Stern Theory (1924)
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Helmholtz=z Model (1879
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Gouy-Chapman model (1910)
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1924

The Stern Model
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