
Tuesday and Thursday from 6:30 to 8:30 in either Wean 5202 or the Mellon Institute’s Computer Training 
Classroom (CTC), room MI-320. 

Course Objectives
• Computer Literacy A central goal of this course is to make you a “computer literate” chemist that has a 

good understanding of the uses of computers of chemistry. The computational techniques currently used to 
predict the structure and properties of molecules are the focus of the course, but other uses of computers in 
chemistry such as data modeling and signal processing will also be covered. We will be using the Computer 
Training Classroom (CTC), which contains 25 Silicon Graphics Indy workstations running a variety of soft-
ware including Molecular Simulations Cerius2 molecular modeling software and the MATLAB matrix 
manipulation/ signal processing program. However, the goal is to familiarize you with the existence, uses 
and limitations of various computational tools, not to teach you a specific computer platform or software 
package. 

• Numerical Mathematics and Computational Chemistry The course is structured around the 
classic numerical techniques used throughout computational science. The goal is to give you an appreciation 
for how the methods of computational chemistry are made possible by, and limited by, the underlying com-
putational algorithms. The section on data modeling provides an introduction to the solution of linear equa-
tions and the mapping of nonlinear models onto locally-linear models. Molecular mechanics provides a 
general look at minimization of multi-dimensional functions, especially conjugate gradient techniques. The 
integration of differential equations is covered in the section on molecular dynamics, and the solution of 
boundary value problems is covered in the section on quantum mechanics and electronic structure.

• Advanced Physical Chemistry The most experimental aspect of the course is the use of computa-
tional chemistry to teach advanced physical chemistry. For instance, learning molecular dynamics may give 
you more insight into the statistical mechanics of liquids than you would get from a more traditional 
approach to liquid structure theory. The same may also be true for using computational electronic structure 
theory to learn molecular orbital theory.

List of Topics
• Molecular Mechanics and Minimization of Multi-Dimensional Functions We will begin 

with molecular mechanics and the methods used to find the minimum-energy structure of a molecule. 

• Initial Value Problems and Molecular Dynamics The basic aspects of the integration of differen-
tial equations will be covered. We will then use Cerius2 to run molecular trajectories and predict thermody-
namic functions. The problems associated with finding the global minimum of a large molecule will then be 
discussed and the simulated annealing minimization procedure will be introduced.

• Semi-Empirical Electronic Structure Theory The theory of the electronic structure of molecules 
will be discussed, starting with Huckel theory and moving into the more advanced semi-empirical treat-
ments of the MOPAC and ZINDO codes. The uses and limitations of such approaches will be explored.

• Ab Initio Electronic Structure Theory The use of basis sets in ab initio theory will be discussed 
along with some methods for inclusion of electronic correlation. We will then use the Cerius2/GAUSSIAN 
program to explore the various techniques.
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• Modeling of Data The fundamentals of numerical mathematics will be introduced by fitting experimental 
data to both linear and nonlinear models. The linear least squares problem will allow us to review the basics of 
matrix manipulations and the computer solution of linear equations. We will then discuss approaches to the 
fitting of nonlinear models, focussing on the Levenberg-Marquadt algorithm, error estimation and statistical 
estimates of the robustness of the models.

• Signal Processing and the Fast Fourier Transform Time permitting, we will consider some 
aspects of signal processing.

Course Activities and Grading
• Problems Sets 40%
Practical experience will be gained through problem sets, involving the writing of computer code and/or the use 
of packaged code.

• Exams 30%
A midterm (10%) and final exam (20%) will cover the theoretical aspects of the course.

• Final Project 30%

The final project is a paper in the format of a scientific journal article, on a computational project that uses the 
methods covered in the course. Students involved in undergraduate or graduate research are encouraged to do 
calculations relevant to their research projects.


