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* Op= - (X/Mr)
 Where O’p= Permanent Structure charge

. X= Layer charge/ unit formula
. Mr= relative molecular mass
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Example 1: Calculate the permanent charge foe smectite or montmorillonite of
Sis(Al3.33Mgo.67)020(OH)4.nH20. And a layer charge unit formula of 0.5 eq ( table 1).

Solution:
* Mr= (8x28.1)+(3.33x27)+(0.67 x 24.3)+(20 x16) +(4x16)+(4x1)
. =719 gm
* Op= - (X/Mr)
- =-(0.5/719)
= - 0.0006954eq/gm=-69.5meq/gm
= -69.5 cmol/kgm = -0.695mol/kg
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Table 1: Major phyllosilicate minerals in soils
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Where My = mole/l of H' ions complexed by surface groups
MoH = Mmole/l of OH ions complexed by surface functional groups
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pH independent charge (permanent)

Il=omorphic substitution: substitution of one element for another in ionic crystals without
changing the structure ofthe crystal

a. Substitution of A9 for S~ in tetrahedral
b. Mg—, Fe~—, Fe~— for Al in octahedral
Leaves a net negative charge (permanent)

pH dependent charge: positive charge developed at low pH and excess negative charge
formed at high pH

ain or loss of H+ from functional groups on the surface of soil 2olids.
a. Hydrox=ow (-OH )

b. Carboxyl (-CO0OH)

c. Phenolic (-CH,OH)



Hydroxy (-OH)
Carboxyl (-COOH)
Phenolic (-C4H,OH) higher pH

COO- pHdep.
charge

COOH
CEC

Perm. charge
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Creation of Clay Colloid Charge

Types of charge

 Permanent
(due to Isomorphous substitution)

» pH-dependent

(variable, due to edges)




lon exchange

 The substitution of one 1on for another
on the surface or in the Iinterstitial
spaces of a crystal

— Cation exchange (e.g., Ca?* for K*)

—Anion exchange (e.g., H,PO, for
NO;)



lon exchange vs. CEC
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Broken edge of a
kaolinite crystal
showing oxygen
atoms as the
source of
NEGATIVE charge




Negative charges on humus

ENORMOUS external surface areal!
(but no internal surface — all edges)
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Adsorbed cations: area

Humid region soill

H* H+

K+

H+
AlS*

Low pH (acidic)

Arid region soill

NH,* K*

2+

H+
Mg?t

High pH (basic)
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