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COURSE OBJECTIVES:

The objectives of this course are to introduce chemical equilibrium concepts and to apply them to an understanding of the distribution of chemical species in natural aquatic systems, e.g. surface waters and ground waters.  The focus of the course is on fresh water systems and on inorganic species therein, with lesser coverage given to organic species and marine systems.  The course makes use of problem-solving techniques to illustrate acid-base, solubility, complex-formation, and oxidation-reduction equilibria and their applications to natural waters and water and wastewater treatment systems.  At the end of the course, students should be able to predict, in a quantitative manner, the equilibrium concentration and distribution of inorganic species in ground and surface waters under a variety of natural conditions, and to predict the impact of pollutants and of natural and engineered processes on these species. 

TEXT:
  Benjamin, M., Water Chemistry, McGraw-Hill, 2002

references:

Brezonik, P.L.; Arnold, W.A. Water Chemistry: An Introduction to the Chemistry of Natural and Engineered Systems, Oxford University Press. 2011.

Stumm, W. and Morgan, J. J.  Aquatic Chemistry, 3rd edition, Wiley-Interscience, 1996.
General chemistry textbook

LECTURE SCHEDULE
Week of

Subject






  Readings
Aug 22 (2)

Introduction; Chemical Species in Natural Waters
   1-19, 35-46




Chemical Equilibrium and Acid-Base Equilibria

   48-51



pH






  131-150
Aug 29 (2)

Analytical Solutions of Acid-Base Equilibria

   151-182




Mass and Charge Balances 



   




Proton Condition

Sep 5 (2)
 
Distribution Functions




   188-230




Graphical Solutions of Acid-Base Equilibria

   

Sep 12 (2)

Mixtures of Acids and Bases, Titrations


   237-262

Sep 19 (2)

Buffer Intensity





   262-288 



Alkalinity and Acidity




Tableaus

Sep 26 (2)

Solubility of Gases 




322-357



pH-Independent Solubility, pH-Dependent Solubility
   




Dissolved Carbon Dioxide and the Carbonate System 




Acid Precipitation
Oct 3 (2)

Solid-Solution Equilibria




   394-431 



pH-Independent Solubility, pH-Dependent Solubility




Solubility of Carbonates and Sulfides
Oct 10
 (2)

Metal Ion Hydrolysis




Solubility of Metals: Metal Oxides and Hydroxides 




Phosphate Solubility
Oct 17
(1)

Complex Formation Equilibria 



   362-386



Chelation and Chelating Agents 



   393-394
Oct 24 (2)

Trace Metals in Aquatic Systems




Aquatic Toxicity of Trace Metals 




Analytical Applications of Complex Formation

Oct 31 (2)

Computational Equilibrium Models


Chapter 6
Nov 7 (2)

Chemical Thermodynamics



18-35, 48-51



Free Energy and the Equilibrium Constant

107-109, 



Thermodynamic Calculations



119-125



Ionic Strength and Non-Ideality Corrections
Nov 14 (2)

Oxidation-Reduction Equilibria



464-532



Balancing Redox Reactions




Distribution of Redox Species in Natural Waters




Limnological Applications




Groundwater Applications 

Nov 21 (1)

Nernst Equation




pE and EH, EH-pH Diagrams
Nov 28 (2)

Corrosion



TBA
Dec 5 (2)

Review
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