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Soil Chemistry is a core course for the students of soil, water and environmental sciences and environmental engineering. The course deals with major features of liquid water and the chemical processes taking place in soil solutions or natural water bodies (e.g. ion-pair and complex ion formation, single ion activity, ion activity product and dissolution-precipitation principles and reactions), nature of inorganic and organic solids with which water is in equilibrium, models of chemical equilibria between  solid and liquid phases (ion exchange and adsoroption-desorption models).           




      
	WEEK
	TOPIC

	First


	1) Review of pertinent concepts of analytical chemistry. 2) Chemical units and SI units. 

3) Ion water interaction.  4) Solute‑solute interactions. 5) Thermodynamic background of mean and single ion activity coefficients (γ±, γion).

	Second


	1) Chemical, electrochemical and physical properties of liquid water.

2) Ligands and metal‑ligand complexes.

3) Complex ions and ion pairs.

4) Hydrolysis and deprotonation.


	Third


	1) Henry's law. 

2) Solubility products and phase diagrams of metals of interest to soil chemistry: Phosphorus phase diagram. Iron phase diagram

	Fourth


	Topics of the third week to be continued.

Primary minerals in soil :i) Formation of minerals ii) Crystalline structure. iii) Chemical and physical Properties.

	Fifth


	1) Types of Crystals and crystal chemistry of orthosilicate minerals.

2) Pauling's Rules.

3) Layer silicates: i) Structure ii) Physico‑chemical properties. iii) Classification.

	Sixth


	1) Topics from the Fifth week to be continued.

2) X-ray diffraction and identification of orthosilicate minerals.

	Seventh

	Soil organic matter: i)  Origin and nature.    ii) Functional groups.   iii) Fractionation. 
iv) Physico‑chemical properties. v) Contribution to pH‑dependent charge on soil complex.

	Eighth


	Theory of ion distribution in the solid liquid interphase: Helmholtz, Gouy and Chapman, and Diffuse double layer models

	Ninth


	Thermodynamics of cation exchange equilibria: Ganssen, Kerr, Vanselow, and Gapon models

	Tenth


	Last topic from the Ninth week to be continued. USSL Staff's model of cation exchange equilibria. Applications of the exchange models to arid zone soils.

	Eleventh


	Last topic from the Tenth week to be continued. Cases of deviation from the theoretical exchange equilibria

	Twelfth

	1) Mineral weathering: Physical and chemical weathering.

2) Measurements of the extent of chemical weathering in soils.

	Thirteenth

	1) Specific and non‑specific anion adsorption.  2) Differentiation between Precipitation and adsorption. 3) Langmuir and Freundlich adsorption models.

	Fourteenth

	Nature and formation of acid, saline, sodic, and alkaline soils. Major physico‑chemical properties of arid zone soils.

	Fifteenth


	1) Last topic to be continued. 

2) Revision of the entire course.


* Text Book: Sparks, D.L. 2001. Environmental Soil Chemistry. 2nd Edition. Academic Press. NY.

* Selected References:

1. Bohn, H., B. McNeal, and G. O Connor. 1986.  Soil Chemistry . 2nd edition.
2. Essington, M. E. 2004. Soil and water Chemistry: An Integrative Approach. CRC Press. USA

3. Sposito, G.1989. The Chemistry of Soils. Oxford University Press. New York.

* Grade Distribution (100 Points):

1. Six to seven homework assignments: 10 points.

2. Two term exams to be held during the sixth and twelfth weeks, respectively: 30 points.
3. Lab attendance and lab reports: 10 points.
4. Final exams: Lectures 35 points and Lab. 15 points.

