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A. General Information

e Course: CHEM 431 and CHEM 631, Computational Chemistry for Chemists and
Biochemists, 3 credits, Winter 2023.

e Time and place: Wednesdays, 18:00-20:45, CC-405.

e Instructor: Dr. Gilles H. Peslherbe, Professor, Department of Chemistry & Biochemistry,
Faculty of Arts & Science, Concordia University.

e Office location: SP-275.19.

e Telephone: 514-848-2424 ext. 3335

e E-mail: Gilles.Peslherbe@Concordia.CA

e Website: access from http://moodle.concordia.ca/moodle.

e Office Hours: Wednesdays, 13:15-14:45, or by appointment (e-mail preferred).

B. Course Description

e This course presents the concepts, tools, and techniques of modern computational
chemistry, and provides a very broad overview of the various fields of application across
chemistry and biochemistry. The course is divided into two parts: 1) Molecular structure,
which covers molecular mechanics and elementary electronic structure theory of atoms
and molecules; and 2) Chemical reactivity, which covers applications of quantum
chemistry and molecular dynamics techniques to studies of chemical reactions. The
applications discussed include organic molecules and their reactions, peptides and
proteins, drug design, DNA, polymers, inorganics, and materials. The course includes a
practical component where students acquire hands-on experience with commonly used
computational chemistry computer software. Lectures and laboratory.

e Prerequisite: CHEM 234, 241, 333 or 335, permission of the Department.

e Virtual laboratory component: it will consist of a set of tutorials to be performed as
homework. Access to a standard computer with Web browsing capabilities is required.
Students with no access to such equipment should make arrangements with the
Instructor to access a University computer at specific times.

e Detailed outline:

INTRODUCTION TO COMPUTATIONAL CHEMISTRY

1. EXPLORING POTENTIAL ENERGY SURFACES
1.1. The importance of minimum energy structures
1.2. Local optimization techniques

1.3. Global optimization techniques
1.4. Characterization of stationary points
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2. MOLECULAR STRUCTURE -— PART I: MOLECULAR MECHANICS

2.1. Force field

2.2. General considerations

2.3. Organics

2.4. Biological applications

2.5. Inorganics

2.6. Force fields: advantages and limitations

3. MOLECULAR STRUCTURE - PART II: ELECTRONIC STRUCTURE THEORY

3.1 Molecular orbital (MO) self-consistent-field (SCF) method
3.2. Semiempirical MO-SCF methods

3.3. Atomic basis sets

3.4. Hartree-Fock (HF) theory

3.5. Electronic correlation

3.6. Density-functional theory (DFT)

3.7. Configuration interaction (CI)

3.8 Many-body perturbation theory

3.9. Coupled cluster (CC) theory

3.10. Excited states

4. CHEMICAL REACTIVITY AND THERMODYNAMICS

4.1. Reaction mechanisms
4.2. Reaction kinetics and thermochemistry

5. SIMULATIONS OF FINITE-TEMPERATURE SYSTEMS AND DYNAMICS

5.1. Monte Carlo (MC) simulations

5.2. Molecular Dynamics (MD) simulations

5.3. Periodic systems: solids and liquids

5.4. The classical trajectory approach to reaction dynamics
5.5. Quantum dynamics

6. ADVANCED TOPICS (TBA)

C. Objectives

In this course, you will learn the foundations of computational chemistry, and you will
be expected to 1) understand and remember its basic concepts and 2) be able to apply
them to solve practical problems. CHEM 631 students will also be expected to
understand and remember advanced concepts and mathematical models. Only basic
knowledge of computers, chemistry & biochemistry and physics is required.

D. Exam Schedule

e Lab Exam, during class time, April 12, 2023.
e Final Exam, during class time, April 5, 2023.
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E. Course Materials: Suggested Readings / Relevant Books

Quantum Chemistry, Levine (Prentice Hall, 1991).
Computer Simulation of Liquids, Allen and Tildesley (Oxford University Press, 1989).
Chemical Kinetics and Dynamics, Steinfeld, Francisco and Hase (Prentice Hall, 1989).

Grading / Evaluation

Introduction to Computational Chemistry, Jensen (Wiley, 2017). Available electronically
from the library.

Molecular Mechanics Across Chemistry, Rappé and Casewit (U. Science Books, 1997).

Grades will be based on 4 homework assignments, a computer lab exam, a final exam
and an advanced topic presentation. The schedule of assignments (and tutorials) will
be posted on the course website. Late assignments might not be accepted or penalties
might apply for late assignments.

Grading scales:

CHEM 431 | CHEM 631
Assignments 55% 45%
Lab Exam 15% 10%
Final Exam 30% 30%
Presentation 15%
CHEM 431 | CHEM 631
90 - 100 % A+ A+
85 -90 % A A
80 - 85 % A- A-
77 - 80 % B+ B+
73 -77 % B B
70 - 73 % B- B-
67 - 70 % C+
63 - 67 % C C
60 - 63 % C-
57 - 60 % D+
53 - 57 % D P
50 - 53 % D-
0-50% F
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G. Rights and Responsibilities

All individuals participating in courses are expected to be professional and constructive
throughout the course, including in their communications. Concordia students are subject
to the Code of Rights and Responsibilities which applies both when students are physically
and virtually engaged in any University activity, including classes, seminars, meetings, etc.
Students engaged in University activities must respect this Code when engaging with any
members of the Concordia community, including faculty, staff, and students, whether such
interactions are verbal or in writing, face to face or online/virtual. Failing to comply with the
Code may result in charges and sanctions, as outlined in the Code.

Plagiarism and other forms of academic dishonesty

The Academic Code of Conduct can be found in section 17.10 of the academic calendar
(https://www.concordia.ca/academics/undergraduate/calendar/current/section-17-
university-secretariat/section-17-10-academic-integrity-and-the-academic-code-of-
conduct.html). Any form of unauthorized collaboration, cheating, copying or plagiarism
found in this course will be reported and the appropriate sanctions applied.

The most common offense under the Academic Code of Conduct is plagiarism which the
Code defines as "the presentation of the work of another person as one's own or
without proper acknowledgement."

This could be material copied word for word from books, journals, internet sites, professor's
course notes, etc. It could be material that is paraphrased but closely resembles the original
source. It could be the work of a fellow student, for example, an answer on a quiz, data for a
lab report, a paper or assignment completed by another student. It might be a paper
purchased through one of the many available sources. Plagiarism does not refer to words
alone - it can also refer to copying images, graphs, tables, and ideas. "Presentation" is not
limited to written work. It also includes oral presentations, computer assignments and
artistic works. Finally, if you translate the work of another person into French or English
and do not <cite the source, this 1is also plagiarism. Please consult
https://www.concordia.ca/conduct/academic-integrity.html for further information.

Intellectual property (IP)

Content belonging to instructors shared in online or in-person courses, including, but not
limited to, online lectures, course notes, and video recordings of classes remain the
intellectual property of the faculty member. It may not be distributed, published or
broadcast, in whole or in part, without the express permission of the faculty member.
Students are also forbidden to use their own means of recording any elements of an online
or in-person class/lecture without express permission of the instructor. Any unauthorized
sharing of course content may constitute a breach of the Academic Code of Conduct and/or
the Code of Rights and Responsibilities. As specified in the Policy on Intellectual Property,
the University does not claim any ownership of or interest in any student IP. All University
members retain copyright over their work.

In the event of extraordinary circumstances beyond the University's control,
the content and/or evaluation scheme in this course is subject to change.
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