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Discipline objectives

To elucidate and build, together with the graduate students, the basic
principles of general chemistry that are necessary for the study of soil science. In soill
chemistry, you will study the mineralogical composition of the soil, soil solution
dynamics, and especially the physical chemistry of the solid-solution interface.

To guide graduate students in different laboratory activities while seeking to
awaken their sense of responsibility, precautions against accidents, and mastery of
analytical techniques in soil chemistry.

Syllabus

Basic principles of chemistry applied to soil science. The laws of soil
chemistry. Introduction to soil mineralogy. Soil as a colloidal system. Surface
phenomena, functional groups, surface complexes, and ion distribution around
particles. Balance of charges and zero charge points. Outer-sphere complexes:
physical adsorption of cations and anions. Inner-sphere complexes: chemisorption of
cations and anions. Soil solution dynamics, ionic activity, and chemical speciation.
Methods for measuring soil chemical elements and charges. Oxy-reduction in soils
and aquatic environments.

Methodology and/or teaching instruments

The course will be conducted in a way to build knowledge in harmony with the
experience acquired by the graduate students during their academic journey and
professional experience. With graduate students’ prior reading of introductory texts,
lectures will be given, followed by group discussions. Articles and book chapters will
be discussed, and the professor will systematize the main aspects to improve
reading comprehension. There will also be practical classes in the laboratory to
exercise the learning obtained in the theoretical development phase. Lastly, seminars
related to the activities developed in the laboratory will be presented at the end of the
semester.

Forms of evaluation

The evaluation will be done through theoretical tests and a report on the
practical activities in the form of a scientific article and its presentation to the class.
The final score will be given according to the following: the first exam worth 4 points;
the second exam worth 4 points; the report worth 2 points. The final score will strictly
follow the Soil Science Graduate Program regulations of the Federal University of
Santa Maria.
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Program: Title and Breakdown of the Units
SYLLABUS OF THE THEORETICAL CLASSES

Unit I: Fundamentals of Chemistry
a) The elements and the periodic table
Elements and atoms (atoms, nuclear model, neutrons, and isotopes)
Elements that form the Earth’s crust
Chemical element families and element series
The organization of the elements: the periodic table
Electronegativity and the metallic or non-metallic character of the elements
Oxidation states, oxidizing agents, and reducing agents
Oxidation numbers of the elements
Required reading:
Atkins & Jones. Principios de Quimica (Fundamentals — B)
Barrow. Quimica General (Chap. 5)

b) Soil water chemistry

The nature of water

lonic hydration

Electrolyte solutions

Cation hydrolysis

Lowry-Bronsted acids and bases

lon pairs and complex ions

Stability of soluble complexes

Oxy-reduction reactions (general aspects and balancing)
Required reading:
Essington. Soil and water chemistry — an integrative approach (Chap. 5, p. 183-223).
Sposito. The chemistry of soils (Chap. 6, p. 144-171)

¢) Chemical equilibrium and solubility
Law of mass action and equilibrium constant
Le Chatelier’s principle
Solubility: qualitative characteristics
Solubility of gases in water: oxygen and carbon dioxide
The solubility product of the salts
Complex ions in aqueous media
Effects of ionic strength of the medium on the solubility of salts
Solubility of minerals
Mineral solubility and solution composition
Required reading:
Krauskopf. Introducéo a geoquimica Vol. I. (Chap. 1, p. 2-22).
Barrow. Quimica General (Chap. 10)
Essington. Soil and water chemistry — an integrative approach (Chap. 6, p. 255-309)
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Unit I1: Soil Chemistry Laws

Reading and discussion of the article:
Barrow. The four laws of soil chemistry: the Leeper lecture 1998. Aust. J. Soil Res., 37:787-
829, 1999.

Unit I11: Chemical composition and mineralogy of soil
a) Structure and importance of silicate clay minerals

Required reading:

Schulze. Ann introduction of soil mineralogy. In: Dixon & Weed (Chap. 1, p. 1-34).

Sposito. The chemistry of soils (Chap. 2, p. 28-59).

Fassbender. Quimica de suelos com énfasis en suelos de América Latina. (Chap. 1, p. 3-
65).

Essington. Soil and water chemistry — an integrative approach (Chap. 2, p. 35-100).

b) Oxides
Required reading:
Schwertmann & Fitzpatrick. Iron minerals in surface environment. Catena Supplement,
21:7-30, 1992.
Hsu. Aluminum oxides and oxyhydroxides. In: Dixon & Weed (Chap 7, p. 331-378).
Schwertmann & Taylor. Iron oxides. In: Dixon & Weed (Chap 8, p. 380-438).

Unit IV: Soil Organic Matter
Conceptual basis
Interaction with inorganic colloids - physical aspects
lon interaction and element availability - chemical aspects

Required reading:

KLEBER, M. E JOHNSON, M. G. Chapter 3 — Advances in Understanding the Molecular
Structure of Soil Organic Matter: Implications for Interactions in the Environment.
Advances in Agronomy, v. 106, p. 77-142, 2010.

KLEBER, M.; SOLLINS, P.; SUTTON, R. A conceptual model of organo-mineral
interactions in soils: self-assembly of organic molecular fragments into zonal structures
on mineral surfaces. Biogeochemistry, v. 85, p. 9-24, 2007.

Coleman et al. Dynamics of soil organic matter in tropical ecosystems. (Chap. 1, p. 5-31;
Chap. 3, p. 69-95).

Stevenson. Humus chemistry: genesis, composition, reactions. (Chap. 16, p. 378-404;
Chap. 18, p. 429-452).

Schiten & Schnitzer. Chemical model structures for soil organic matter and soils. Soil Sci.,
162:115-130, 1997.

Unit V: Soil solution and chemical speciation
a) Soil solution extraction and chemical composition

Required reading:

Wolt. Soil solution chemistry: applications to environmental science and agriculture.
(Chap. 2, p. 6-21; Chap. 3, p. 22-73; Chap. 5, p. 95-120; Cap. 7, p. 144-168).

Sposito. The chemistry of soils (Chap. 4, p. 94-144)


http://www.sciencedirect.com/science/article/pii/S0065211310060037
http://www.sciencedirect.com/science/article/pii/S0065211310060037
http://www.sciencedirect.com/science/bookseries/00652113
http://www.sciencedirect.com/science/bookseries/00652113/106/supp/C
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Essington. Soil and water chemistry — an integrative approach (Chap. 5, 232-238).

b) Strength, ionic activity, and chemical speciation
Required reading:
Essington. Soil and water chemistry — an integrative approach (Chap. 5, p. 223 -231)
Sparks. Environmental soil chemistry. (Chap. 4, p. 115-132).
Sposito The chemistry of soils (Chap. 4, p. 94-114).

Unit VI: Introduction to Soil Physical Chemistry
a) Colloidal phenomena in soil
Colloidal suspensions
Soil colloids
Inter-particle forces
The DLVO model
Adsorption effects on colloidal stability
Required reading:
Sposito. The chemistry of soils (Chap. 10, p. 244-277).
Bolt et al. Interactions at the soil colloid-soil solution interface (Chap. 1, p 1-33).
SHAW, D.J. Introducéo a quimica dos coloides de superficie. Sdo Paulo, Edgard Blucher,
Ed. USP, 1975. 318p.

b) The solid-solution interface and origin of electrical charges in the soil (Helmoltz,
Guy-Chapman, and Stern: fundamentals and limitations)
Required reading:
Yu. Chemistry of variable charge soils. (Chap. 2, p.17-63).

¢) Functional groups and surface complexes (inner sphere and outer sphere)
Required reading:
Essington. Soil and water chemistry — an integrative approach (Chap. 7, p.311-334)
Sparks. Environmental soil chemistry. (Chap. 5 and 6, p.133-198).

d) Surface load balance and zero load points

Required readings:

Fontes et al. Electrochemistry of colloidal particles and its relation to mineralogy of highly
weathered soils. Scientia Agricola, 58:627-646, 2001.

Anderson & Sposito. Cesium-adsorption method for measuring accessible structural surface
charge. Soil Sci. Soc. Am. J. , 56:1569-1576, 1991.

Anderson & Sposito. Proton surface-charge density in soils with structural and pH-dependent
charge. Soil Sci. Soc. Am. J. , 56:1437-1443, 1992.

Schroth & Sposito. Surface charge properties of kaolinite. Clays and Clay Minerals, 45:85-
91, 1997.

e) Outer-sphere complexes: cation and anion exchange
Required readings:
Rheinheimer et al. Interaction of electrical charges and soil solution (unpublished).
Yu. Chemistry of variable charge soils. (Chap. 3 and 4, p.64-139).

f) Inner-sphere complexes: cation and anion chemisorption
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Required reading:
Rheinheimer et al. Interaction of electrical charges and soil solution (unpublished).
Yu. Chemistry of variable charge soils. (Chap. 5 and 6, p.140-218).

Unit VII: Soil oxidation and reduction
Reactions of environments with low oxygen diffusion
Nutrient dynamics in flooded soil
Required reading:
Kirk. The biogeochemistry of submerged soils. (Chap. 4, p. 93-134).
Essington. Soil and water chemistry — an integrative approach (Chap. 9, p. 445-497)
Krauskopf Introducéao a geoquimica Vol. I (Chap. 9, p. 196-214)
Sposito. The chemistry of soils. (Chap. 6, p.144-171)
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SYLLABUS OF THE PRACTICAL CLASSES

Unit 1: Conduct in soil analysis laboratories, preparation of reagents, and storage of chemical
solutions

Unit 2: Instrumental quantitative chemical analysis
2.1 - Atomic emission spectroscopy
2.2 - Flame atomic absorption spectroscopy
2.3 - Atomic absorption spectroscopy with inductively coupled plasma (ICP)
2.4 - Molecular absorption spectroscopy (UV-visible)
2.5 - CHOSN analysis by combustion (autoanalyzer)
2.6 - ASE determination
2.7 - Laser granulometry
2.8 - HPLC - electrical conductivity anions
2.9 - XRD - clay minerals and oxides

Skoog & West. Fundamentos de quimica analitica. Barcelona, Editora Reverté, 1970. 915p.
Vogel et al. Anélise quimica quantitativa, 4% ed. (Chap. 17, 20 and 21).

Essington. Soil and water chemistry — an integrative approach (Chap. 5, p. 238-253)

Unit 3: Standard curve preparation (P, K, Ca, Mg, Zn, S, Al, and organic carbon)

Unit 4: Physical and chemical fractioning of soil organic matter

Unit 5: Soil solution extraction and ionic speciation (simplified calculus and computational
analysis - Minteq)

Unit 6: Soil load and zero-load point determination

Unit 7: Quantitative description of adsorption/desorption in soils and sediments

Rheinheimer et al. Heavy metal transport modeling in soil: sorption/desorption phenomena,
water fluxes, and contaminant fate. Tépicos em Ciéncia do Solo, v.5, p. 135 - 180, 2007.

Unit 8: Anion determination (soil solution, water, etc.) by HPLC

Unit 9: Fractionation and availability of soil phosphorus

Unit 10: Execution of an experiment linked to soil chemistry



