
Types of Soil Colloids

• Crystalline silicate clays
– Phylosilicates → tetrahedral and octahedral crystal sheets

• Non-crystalline silicate clays (Andisols)
– Dominantly amorphous clays (allophane and imogolite)

• Iron and aluminum oxides (Oxisols & …)
– Dominantly gibbsite (Al-oxide) and goethite (Fe-oxide)

• Organic (humus) colloids (Histosols &…)
– Non-crystalline colloids dominated by long C-chain molecules



Non-crystalline Silicate Clays
Allophane and Imogolite

1. Volcanic ash is chemically/mineralogically distinct from most other 
soil parent materials. 

2. Composed largely of vitric or glassy materials containing varying 
amounts of Al and Si. 

3. It lacks a well-defined crystal structure (i.e., amorphous) and is quite 
soluble. 

Allophane and Imogolite are common early-stage residual weathering 
products of volcanic glass and both have poorly-ordered structures. 

Allophane forms inside glass fragments where Si concentration and pH 
are high and has a characteristic spherule shape. 

Imogolite tends to form on the exterior of glass fragments under
conditions of lower pH and Si concentration, and has a 

characteristic thread-like morphology. 





Iron and Aluminum oxides
Sesquioxides

Dominantly gibbsite (Al-oxide) and goethite (Fe-oxide)

1. Found in many soils
2. Especially important in highly weathered soils of warm humid regions
3. Consist of mainly either Fe or Al atoms coordinated with O atoms

- the O atoms often associated with H ions to make hydroxyl groups
4. Some, such as gibbsite (Al-oxide) and goethite (Fe-oxide), form 

crystalline sheets
5. Others form amorphous coatings on soil particles

Because of surface plane of covalently bonded 
hydroxyls gives these colloids the capacity to 

strongly adsorb certain anions



Because of surface plane of covalently 
bonded hydroxyls gives these colloids the 
capacity to strongly adsorb certain anions



Gibbsite (Al-oxide)                                                 Goethite (Fe-oxide)



amorphous coatings 
on soil particles



Organic (humus) colloids
Non-crystalline colloids dominated by long C-chain 

molecules
1. Important in nearly all soils
2. They are not mineral or crystalline

in nature
3.    Consist of long convoluted chains

and rings of Carbon bonded to 
Hydrogen, Oxygen and Nitrogen

4.     Very high capacity to adsorb water
5.    Have high amounts of both positive

and negative charges, but net 
charge is always negative
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Sources of Charges on Soil Colloids

• Constant Charge (structural)
– through Isomorphic substitution
– both negative and positive charges
– predominately positive

• Variable or pH-Dependent Charge
– both negative and positive charges
– primarily associated with hydroxyl (OH) groups
– Source of charge on humus, Fe & Al oxides, 

allophane and some phylosilicates.



Adsorption vs. Absorption

Surface bonding vs. internal structure



Cation vs. Anion

Ion: a particle that is electrically charged 
an atom or a molecule that has lost or gained one or more electrons… 

Cation is a positively charged ion

Anion is a negatively charged ion
for example:

Cations
Na1+, Ca2+, Al3+ or Si4+

Anions
Cl1-, O2- or S2-



Constant Charge (structural)
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Variable or pH-Dependent Charge

via protonation / deprotonation of hydroxyl groups

kaolinite

A negative charge comes with 
increasing pH

gibbsite





kaolinite

A positive charge comes with 
decreasing pH

Variable or pH-Dependent Charge

via protonation / deprotonation of hydroxyl groups

gibbsite



Illite

Smectite

Why is the pH dependent 
charge only associated 
with some phylosilicates?

The charge is associated 
with the Hydroxyl groups 
(which is on the octahedral 
sheet of 1:1, 2:1 and 2:1:1 
layers), 

BUT is ONLY 
EXPOSED on the 

edge of 
phylosilicates and 

the face of 1:1 
phylosilicates



The Real Edge Effect!
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