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Course Syllabus

Introduction to Computational Chemistry

CHEM 302
I.
Introductory Information

A.
Department:


Chemistry

B.
Catalog Number:

CHEM302
C.
Course Title:

Introduction to Computational Chemistry

D.
Credits:


2

E.
Clock Hours/Week:

2 (2 hours lecture)

F.
Overlays


None

G.
Restrictions Upon Student Registration:




Prerequisites: CHEM 221, MATH 141



Corequisites: PHYS 131 or PHYS 171

II.  Course Description

A. Catalog Description:

An introduction to the field of computational chemistry including molecular mechanical, semi-empirical, ab initio wavefunction, and density functional modeling of chemical systems.  Two goals of this course are to enable students to use computational chemistry in their studies and to be critical consumers of computational chemistry results in scientific literature. 

B. Comprehensive Description:

This course serves as an introduction to the field of computational chemistry.  Topics covered will include, but are not limited to, molecular mechanics, molecular orbital theory and density functional theory.  Students will learn how to perform various computational chemistry calculations and the application of their results.  Critical evaluation of computational chemistry results appearing in the scientific literature will also be discussed.   

This course serves as an elective for students majoring in Chemistry, Secondary Education-Chemistry, and Biology/Chemistry.

III.
Exposition

A. Objectives:

Upon completion of the course, students will be able to do the following:

1. Use commonly available software to perform molecular mechanical,  semi-empirical, ab initio wavefunction, and density functional calculations on chemical systems.

2. Apply appropriate visualization technology to understand and present the results of computational modeling of chemical systems.

3. Choose appropriate treatments for various chemical systems and properties of interest based on computational cost and other considerations.

4. Critically evaluate the use of computational chemistry in the chemical literature.

B. Activities and Requirements:

1. Lecture materials will introduce the theory underlying various computational chemistry models and the use of commonly available software packages for performing various types of calculations.  Students will be assessed on objective III.A.1 through the use of homework, quizzes, and examinations.

2. Lecture materials will introduce visualization technology and its application to interpretation and presentation of the results of computational modeling of chemical systems.  Students will be assessed on objective III.A.2 through the use of homework, quizzes, and examinations.

3. Lecture materials will present the strengths, weaknesses, relative costs, and domains of application of various computational models.  Students will be assessed on objective III.A.3 through the use of homework, quizzes, and examinations.

4. Lecture materials will demonstrate critical analysis of the use of computational chemistry in the chemical literature. Students will be assessed on objective III.A.4 through the use of homework, quizzes, and examinations. 

The students will attend all lectures.  Lectures will consist of approximately equal time devoted to presentation of new material, discussion of course topics, and problem solving.  Students will complete all assignments and examinations/quizzes.  The students will prepare a poster documenting the results of their computational modeling of a particular chemical system.

C. Major Units and Time Allotted:

I. Unit 1- Theory, computation, and modeling




(2 hours)

II. Unit 2- Molecular mechanics 






(2 hours)

III. Unit 3- Molecular orbital theory





(2 hours)

IV. Unit 4- Semi-empirical molecular orbital theory



(2 hours)

V. Unit 5- ab initio wavefunction theory 




(4 hours)

VI. Unit 6- Density functional theory





(2 hours)

VII. Unit 7- Modeling solvation






(2 hours)

VIII. Unit 8- Molecular orbitals, natural bonding orbitals



(2 hours)

IX. Unit 9- Thermodynamics calculations




(4 hours)

X. Unit 10- Simulation of molecular vibrations and infrared spectra

(2 hours)

XI. Unit 11- Modeling chemical reactions




(4 hours)

XII. Unit 12- Simulation of nuclear magnetic resonance spectra


(2 hours)


Total









(30 hours)

D. Materials and Bibliography:

1.
Suggested textbooks:

Cramer, C. J. Essentials of computational chemistry: theories and models, 2nd Edition, 
Wiley, John & Sons, Incorporated, NJ, 2004.

Jensen, F. Introduction to computational chemistry, 2nd Edition, Wiley, John & Sons, 
Incorporated, NJ, 2006.


2.
Other Materials:



WebMO Pro; WebMO, LLC: Holland, MI. 



Gaussian03; Gaussian, Inc.: Wallingford, CT. 



Molpro; University College Cardiff Consultants Limited : Cardiff, Wales, UK.



MOPAC2007; Stewart Computational Chemistry: Colorado Spring, CO.



NWChem; Pacific Northwest National Laboratory: Richland, Washington.



Tinker; Jay Ponder Lab, Department of Biochemistry & Molecular Biophysics, 



Washington University School of Medicine: St. Louis, MO.



PGI Fortran Workstation; The Portland Group, Inc.: Lake Oswego, OR.



Intel Fortran Compiler; Intel Corporation: Santa Clara, CA.



MM3(2000); Center for Computational Chemistry, University of Georgia: Athens, GA.


3.
Bibliographic support:



Books



Gillespie, R. J.; Popelier, P. L. A. Chemical bonding and molecular geometry; Oxford 


University Press: New York, NY, 2001.



Lewars, E.; Computational chemistry; Kluwer Academic: Boston, MA, 2003.



Computational chemistry. Volume 8: Reviews of current trends; Leszczynski, J., Ed.; 


World Scientific: Singapore, 2003.



Jackson, J. D. Mathematics for quantum mechanics; W. A. Benjamin: New York, NY, 


1962.



Atkins, P. W. Molecular quantum mechanics; Oxford University Press: New York, NY, 


2005.



Fitts, D. D. Principles of quantum mechanics as applied to chemistry and chemical 


physics; Cambridge University Press: New York, NY, 1999.



Cohen-Tannoudji, C.; Diu, B.; Laloë, F.; Quantum mechanics; Wiley: New York, NY, 


1977.



Szabo, A.; Ostlund, N. S.; Modern quantum chemistry; Dover: Mineola, NY, 1982.



Parr, R. G.; Yang, W.; Density-functional theory of atoms and molecules; Oxford 



University Press: New York, NY, 1989.

Journals

Journal of Chemical Information and Modeling

Journal of Chemical Theory and Computation

Accounts of Chemical Research

Inorganic Chemistry

Journal of Physical Chemistry A, B, and C

Journal of the American Chemical Society

Journal of Organic Chemistry

Journal of Chemical Education

Chemical Reviews

Nature

Science

Proceedings of the National Academy of Sciences

IV.
Standards:

Grades will be awarded in a manner consistent with University policy, and will be based upon student demonstration of a mastery of the course material through the following criteria:

Examinations

Quizzes


Homework/Assignments


Assessment:  Examinations, quizzes and homework/assignments will be used to assess objectives 1 through 4 in section III A.  Other assessment tools may be developed and used by the instructor.

V.
Rationale and Impact:

A. Reason for Proposal:

The field of computational chemistry is a relatively new sub-discipline of chemistry.  The American Chemical Society founded the Journal of Chemical Theory and Computation only three years ago (2005).  A related journal, Journal of Chemical Information and Modeling was founded in 1975.  In its relatively short existence computational chemistry has revolutionized the way chemistry is done.  In 1998 Walter Kohn and John A. Pople shared the Nobel Prize in Chemistry- Kohn for “development of the density functional theory” and Pople for “development of computational methods in quantum chemistry”.

Computer modeling is helping drive drug discovery, nanotechnology, and every chemistry related discipline in the 21st century.  Five out of the twenty articles most recently published articles in the Journal of the American Chemical Society directly invoke computational chemistry as part of the background, results, analysis, or discussion.  The recent creation of the first quintuple chromium-chromium bond in 2005 was confirmed by computational modeling, as was the creation of the shortest metal-metal bond in 2007.  Students who wish to be active participants in these areas will need to be familiar with computational chemistry, if not for their own immediate work, then at least to be a critical consumer of the chemical literature.

This course is being proposed as an elective in Chemistry, Secondary Education-Chemistry, and Biology/Chemistry.  This course will satisfy one of the upper level electives required of students majoring in Chemistry, Secondary Education-Chemistry, and Biology/Chemistry.

B. Design:

This course is designed for students majoring in Chemistry, Chemistry/Secondary Education, or interdisciplinary Biology/Chemistry.

C. Affect on Existing Academic Programs or Departments:

This course proposal does not significantly affect existing academic programs or departments.  The course is not replacing an existing course, but instead will be taught as part of the normal rotation of advanced special topics courses in the chemistry department.

VI.
Cost and Staff Analysis:

A.
Effect on University Resources:

The costs associated with this course consist of two faculty contact hours.

B.
Expected Frequency and Rotation:

This course will be offered in the normal rotation of advanced special topics courses in the chemistry department.

VII.
Date Approved by University President:

______________________________


___________

Signature of the President




Date


