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Syllabus for EVE 491

Process Chemistry

Fall Semester 2007

MWF 2:00 – 2:50

Room EGC 218

Instructor: 
Dr. Laura W. Lackey, Associate Professor



Department of Environmental Engineering

Office:
Suite 116C, School of Engineering

Phone:
301-4106 (w)



335-5892 (cell)

Email:
lackey_l@mercer.edu

Textbooks and Supplies:

Required – Water Chemistry by Snoeyink and Jenkins

Catalog Description: Prerequisites: EVE 290 or consent of instructor A study of aqueous processes occurring in natural waters and in water and wastewater treatment systems.  It is also intended to give a comprehensive knowledge of the factors that affect these processes.  Topics covered include chemical thermodynamics and equilibrium, kinetics, acid-base chemistry, the carbonate system, precipitation and dissolution, complexation, and redox chemistry.
Course Objectives:

1. To develop a theoretical basis for determining the composition of natural water and the behavior of chemical processes used in the treatment of waters and wastewaters including consideration of variables that affect the above systems;

2. To show how the principles can be applied to understanding the chemistry of natural waters and treatment systems.

Course Objectives (Learning Objectives): Upon successful completion of this course, you should be able to do the following:

1. Understand relationships between thermodynamics and chemical equilibrium

2. Apply problem-solving skills to develop kinetic models for chemical reactions.

3. Develop expertise in solving chemical equilibrium problems.

4. Interpretation of water quality information (focus on acid/base chemistry, pC-pH diagrams, buffers, titrations, etc.). 

5. Develop competence in understanding the role of the carbonate system in regulation of natural waters

6. Develop problem-solving skills necessary to interpret solubility relationships in natural waters.

7. Understand relationships between thermodynamics and chemical equilibrium

8. Apply problem-solving skills to develop kinetic models for chemical reactions.

9. Develop expertise in solving chemical equilibrium problems.

10. Interpretation of water quality information (focus on acid/base chemistry, pC-pH diagrams, buffers, titrations, etc.). 

11. Develop competence in understanding the role of the carbonate system in regulation of natural waters

12. Develop problem-solving skills necessary to interpret solubility relationships in natural waters.

Grading:
Tests
(3 to 5)





65%


Homework and quizzes




15%


Final Exam





20%

Course Standards:

1. Homework will be submitted individually.  Please feel free to ask me questions about the homework but I strongly encourage you to ask a classmate prior to coming to my office.  No late homework will be accepted.
2. You are encouraged to schedule a conference at any point that you need it.  If you need to see me, catch me after class to schedule a time or call the EVE Secretary at 301-2430 to get on my calendar.
3. Please turn off cell phones and remove all Bluetooth headsets and other electronic ear pieces prior to class beginning.
4. The honor code provisions as outlined in the Bulletin and in the student handbook, The Lair, will be assumed for everyone.   It should be clear from class discussion which projects will be collaborative and which ones must be individual.  When in doubt, please ask to avoid potentially embarrassing situations.  Plagiarism is a violation of the honor code and is prohibited.

5. Students requiring accommodations for a disability should inform the instructor at the close of the first class meeting or as soon as possible.  If you are not registered with Disability Services, the instructor will refer you to the Disability Support Services office for consultation regarding documentation of your disability and eligibility for accommodations under the ADA/504.  In order to receive accommodations, eligible students must provide each instructor with a “Faculty Accommodation Form” from Disability Services.  Students must return the completed and signed form to the Disability Services Coordinator on the 3rd floor of the Connell Student Center.  Students with a documented disability who do not wish to use academic accommodations are also strongly encouraged to register with Disability Services and complete a Faculty Accommodation Form each semester.  For further information, please contact Carole Burrowbridge, Disability Services Coordinator, at 301-2778 or visit the website at http://www.mercer.edu/stu_support/swd.htm
6. 
This syllabus is subject to change.
Course Outline

	Date
	Subject
	Reading Assignment

	8/22
	Water Quality Engineering Overview; Chemical Calculation: Units of expression
	1 - 23

	8/24
	“
	“

	8/27
	Chemical Kinetics
	24-55

	8/29
	“
	“

	8/31
	“
	“

	9/4
	LABOR DAY
	

	9/5
	Chemical Equilibrium
	58-85

	9/7
	“
	“

	9/10
	“
	“

	9/12
	Acid Base Chemistry
	86-114

	9/14
	“
	“

	9/17
	“
	“

	9/19
	“
	“

	9/21
	TEST 1
	

	9/24
	pC-pH Diagrams
	114-156

	9/26
	“
	“

	9/28
	“
	“

	10/1
	Equilibrium Chemistry
	

	10/3
	“
	“

	10/5
	“
	“

	10/8
	Fall Break
	

	10/10
	Carbonate Chemistry
	156-192; 282-298

	10/12
	“
	“

	10/15
	“
	“

	10/17
	“
	“

	10/19
	EXAM 2
	

	10/22
	Thanksgiving
	

	10/24
	Coordination Chemistry Inorganic and Organic Complexation – MAYBE?
	198-241

	10/26
	Precipiation and Dissolution
	243-282

	10/29
	“
	“

	10/31
	“
	“

	11/2
	Phosphate Chemistry
	298-315

	11/5
	“
	“

	11/7
	“
	“

	11/9
	Oxidation/Reduction
	316-338

	11/12
	“
	“

	11/14
	“
	“

	11/16
	EXAM 3
	

	11/19
	pE-pH diagrams
	339-363

	11/22
	“
	“

	11/23
	“
	“

	11/26
	Corrosion; Iron Chemistry
	363-386

	11/28
	“
	“

	11/30
	Chlorine Chemistry
	386-404

	12/3
	Ozone Chemistry
	386-404

	12/5
	Biological Redox Reactions; Engineering Applications
	404-427

	12/7
	“
	“

	12/10
Mon
	FINAL EXAM 2 – 5 p.m.
	


Topics Covered Include:

1. Properties of Water

2. Chemical Kinetics

3. Chemical Equilibrium

4. Acid-Base Chemistry

5. Coordination Chemistry

6. Precipitation and Dissolution

7. Oxidation-Reduction Reactions

Specific Student Objectives by Topic

STOCHIOMETRY, EQUILIBRIUM AND THERMODYNAMICS

OBJECTIVES

Given information on concentrations, standard free energies of formation, Gof, standard enthalpies of formation, Hof, and initial conditions, you should be able to...

1. Balance a reaction

2. Determine the amount of specific reactants a reaction needs to take place to completion.

3. Determine the number of moles and equivalents

4. Determine the free energy change, (G, associated with taking a system from one defined state to another (which might be equilibrium).

5. Determine the standard free energy change, (Gorxn, and the free energy change, (Gorxn, associated with a reaction.

6. Predict which direction a reaction will proceed spontaneously.

7. Determine the equilibrium constant, K, for a reaction, and determine the effect of temperature on K.

8. Determine the equilibrium composition of simple systems, including the distribution of species among various phases. 

ACID-BASE CHEMISTRY

OBJECTIVES

You should be able to…

1. Recognize several common strong acids, bases, and electrolytes.

2. Given concentrations, determine the equilibrium pH and composition of a solution containing strong and/or weak acids and bases.

3. Given pH, determine the composition (speciation) of a solution containing strong and/or weak acids and bases.

4. Write the system of equations needed to determine the speciation of solutions containing acids and/or bases

5. Construct pC-pH diagrams.

6. Determine amount of acids/bases to neutralize a known waste

7. Determine the amounts of acid/conjugate base needed to prepare buffer solutions

8. Identify the equivalence point(s) associated with a weak acid/base and explain their physical significance.

9. Determine the buffer capacity of a solution.

10. Compare solutions of acids and bases and qualitatively rank them in order of pH or buffer capacity. 

CARBONATE SYSTEM; ALKALINITY

OBJECTIVES

You should be able to…

1. Construct pC-pH diagrams for the carbonate species for a closed system and for an open system.

2. Determine if systems are in equilibrium or undersaturated with respect to PCO2.

3. Explain the concept of "alkalinity" and "acidity".

4. Determine total carbonate concentration and speciation for samples of known alkalinity.

5. Predict whether "alkalinity" will increase, decrease, or stay the same upon addition of strong or weak acid, strong or weak base, salt, or one or more of the carbonate species.

6. Compare solutions with respect to their relative pH, alkalinity, and/or buffer intensity.

7. Determine the equilibrium pH, alkalinity, and/or composition of a solution containing dissolved carbonate species in systems that are closed or open to the atmosphere.

8. Determine the buffer intensity of a solution containing dissolved carbonate species.

9. Determine the alkalinity, pH, and composition that results when two solutions are mixed (when closed to the atmosphere) and what would happen if they contact the atmosphere

10. Recommend chemical additions to achieve a solution of desired pH, alkalinity, etc. 

ADDITIONAL REFERENCE MATERIALS:

Books
Benefield, L.D., J.F. Judkins, and B.L. Weand Process Chemistry for Water and Wastewater Treatment, Prentice-Hall, Inc., 1982

Brezonki, P.L. Chemical Kinetics and Process Dynamics in Aquatic Systems, Lewis Publishers, 1993.

          Butler, J.N Carbon Dioxide Equilibria and their Applications, Addison Wesley, 1982 

          Butler, J.N Ionic Equilibrium: Solubility and pH Calculations, John Wiley and Sons, 1998.

          Drever, J.L. The Geochemistry of Natural Waters: Surface and Groundwater Environments,

          Prentice-Hall Engineering, 1997.

Hem, J.D., Study and Interpretation of the Chemical Characteristics of Natural Water, US Government Printing Office, 1971.

          Hounslow, Water Quality Data: Analysis and Interpretation, Lewis Publishers, 1995.

          Langmuir, D., Aqueous Environmental Geochemistry. Prentice-Hall Engineering, 1997.

Morel, F.M.M. and J.G. Hering Principles and Applications of Aquatic Chemistry, John Wiley and Sons, 1993.

          Pankow, J.F. Aquatic Chemistry Concepts, John Wiley and Sons, 1991.

Sawyer, C.N., P.L. McCarty, and G.F. Parkin, Chemistry for Environmental Engineering, McGraw-Hill, 1994.

          Stumm, W.E. Chemistry of the Solid-Water Interface, Wiley Interscience, 1992.

Stumm W.E., and J.J. Morgan Aquatic Chemistry: Chemical Equilibria and Rates in Natural Waters, John Wiley and Sons, 1995.

Tchobanoglous, G., and E.D. Schroeder Water Quality: Characteristics, Modeling, and Modification, Addison Wesley Publishing Co., 1985.

Internet:
Here are several informative Internet sites.  If you discover any others, please let me know. 

http://water.usgs.gov/software/phreeqci.html
The PHREEQCI program can be downloaded from this site.

ftp://ftp.epa.gov/epa_ceam/wwwhtml/minteq.htm
This is the EPA site for downloading the MINTEQ geochemical equilibrium program.

http://www.mineql.com/-- This is the homepage for Environmental Research Software. A DOS version of the MINEQL program can be downloaded from this site.

http://www.awwa.org/ -- This site is the homepage for the American Water Works Association.

http://www.wef.org/ This is the homepage for the Water Environment Federation
