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I. Introductory Information

A.
Department:


Chemistry

B.
Catalog Number:

CHEM321

C.
Course Title:


Quantum Chemistry and Spectroscopy

D.
Credits:


4

E. 
Clock Hours Per Week:
6 (3 lecture, 3 lab)

F.
Overlays:


None

G.
Restrictions Upon Student Registration:



Prerequisites:
MATH142, and PHYS171 or PHYS131, or permission of the 







instructor



Corequisites:

CHEM221

II. Course Description

A. 
Catalog Description:

An exploration of  the application of quantum mechanics to understanding chemical phenomena, with special emphasis on chemical structure and spectroscopy.  

B. 
Comprehensive Description:

An exploration of  the application of quantum mechanics to understanding chemical phenomena, with special emphasis on chemical structure and spectroscopy.  The postulates of quantum mechanics will be introduced and applied to simple systems.  Examination of the simple, yet practically useful, harmonic oscillator and rigid rotor systems will lead into discussion of hydrogenic atoms.  Discussion of perturbation and variational methods will be followed by treatment of multielectron atoms.  The chemical bond will be explored from a quantum mechanical point of view with application of computer simulation.  Finally, these principles will be applied to rotational, vibrational, and electronic spectroscopy.

III. Exposition

A. 
Objectives


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

1. 
Apply the postulates of quantum mechanics to simple systems of chemical interest, such as the 
particle-in-a-box, harmonic oscillator, rigid rotor, and hydrogenic atoms.

2.
Derive the variational principle, use it to calculate properties for simple systems of chemical 
interest, and explain its use in computational chemistry.

3.
Use perturbation theory to calculate properties for simple systems of chemical interest, and 
explain its use in computational chemistry.

4.
Explain how quantum mechanics dictates the structure of the periodic table.

5.
Explain the quantum mechanical nature of the chemical bond.


6.
Use computational chemistry software to perform and interpret electronic structure calculations.

7.
Predict the point group of a molecule, explain the implications of molecular symmetry in 
spectroscopy, and derive symmetry adapted linear combinations of atomic orbitals.

8.
Explain the origin of electronic, vibrational, rotational, vibronic, and vibration-rotation spectra.

9.
Use electronic, vibrational, rotational, vibronic, and vibration-rotation spectra to predict 
molecular structure.

B. 
Activities and Requirements:

1.
Lecture activities and laboratory investigations will introduce the postulates of quantum
mechanics and their application to simple systems of chemical interest such as the particle-in-a-
box, harmonic oscillator, rigid rotor, and hydrogenic atoms.  Students will be assessed on 
objective III.A.1 through the use of homework, quizzes, examinations, and laboratory reports.

2.
Lecture activities will present the basis for the derivation of the variational principle, examples 
of applications of the variational principle to systems of chemical interest, and its use in 
computational chemistry.  Students will be assessed on objective III.A.2  through the use of 
homework, quizzes, and examinations.

3.
Lecture activities will present examples of applications of perturbation theory to systems of 
chemical interest, and its use in computational chemistry.  Students will be assessed on 
objective III.A.3  through the use of homework, quizzes, and examinations.

4.
Lecture activities will present the quantum mechanical origin of the structure of the periodic 
table.  Students will be assessed on objective III.A.4  through the use of homework, quizzes, 
and examinations.

5.
Lecture activities will present the quantum mechanical nature of the chemical bond.  Students 
will be assessed on objective III.A.5  through the use of homework, quizzes, and examinations.

6.
Lecture activities and laboratory investigations will introduce the use of computational 
chemistry software to perform and interpret electronic structure calculations.  Students will be 
assessed on objective III.A.6 through the use of homework, quizzes, examinations, and 
laboratory reports.

7.
Lecture activities and laboratory investigations will introduce the determination of the point 
group of a molecule, the implications of molecular symmetry in spectroscopy, and the 
construction of symmetry adapted linear combinations of atomic orbitals.  Students will be 
assessed on objective III.A.7 through the use of homework, quizzes, examinations, and 
laboratory reports.

8.
Lecture activities and laboratory investigations will introduce the origin of electronic, 
vibrational, rotational, vibronic, and vibration-rotation spectra.  Students will be 
assessed on 
objective III.A.8 through the use of homework, quizzes, examinations, and laboratory reports.


9.
Lecture activities and laboratory investigations will introduce the use of electronic, 
vibrational, rotational, vibronic, and vibration-rotation spectra to predict molecular structure.  
Students will be assessed on objective III.A.9 through the use of homework, quizzes, 
examinations, and laboratory reports.


The students will attend all lectures and laboratories.  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.  In the laboratory, 
students will record and organize data, analyze data (including graphical analysis) and write 
formal laboratory reports.  Laboratory activities will consist of approximately equal time 
devoted to individual experimentation and small group activities.  Each student will also be 
expected to present a detailed experimental protocol to their peers at least once during the 
semester.  The primary chemical literature will be used when appropriate throughout the course.

C. 
Major Units and Time Allotted:

1.
Lecture units


a.
Postulates of quantum mechanics





(3 hours)


b.
Quantum mechanics of simple model systems



(11 hours)



i. Particle-in-a-box



ii. Harmonic oscillator



iii. Rigid rotor



iv. Hydrogenic atoms


c.
Variational principle and perturbation theory



(3 hours)


d.
Electronic structure theory






(12 hours)


e.
Symmetry








(4 hours)


f.
Spectroscopy








(12 hours)



Total









(45 hours)

2.
Laboratory units

Fourteen weeks of laboratory instruction will be provided covering the following topics: the postulates of quantum mechanics with application to simple systems of chemical interest such as the particle-in-a-box, harmonic oscillator, rigid rotor, and hydrogenic atoms; the use of computational chemistry software to perform and interpret electronic structure calculations; the prediction of the point group of a molecule, the implications of molecular symmetry in spectroscopy, and the derivation of symmetry adapted linear combinations of atomic orbitals; the origin of electronic, vibrational, rotational, vibronic, and vibration-rotation spectra; the use of electronic, vibrational, rotational, vibronic, and vibration-rotation spectra to predict molecular structure. Specific experiments may vary with instructor; examples are given below.

a.
Determination of Planck's constant

b.
Electron diffraction

c.
Atomic spectra

d.
"Particle-in-a-box dyes"

e.
Vibrational-rotational spectrum of HCl/DCl

f.
Photochromism kinetics and solvatochromisn of 1'-3'-dihydro-1',3',3'-trimethyl-6-
nitrospiro-2,2'-2H-indole

g.
Visualization of molecular orbitals

h.
Electronic structure calculations

i.
Vibronic spectrum of I2


Total









(42 hours)

D.
Materials and Bibliography

1.
Suggested textbooks:


Atkins, P.; de Paula, J. Physical chemistry, 8th ed.; W. H. Freeman and Co.:New York, 2006.


Engel, T. Quantum chemistry and spectroscopy; Pearson:San Francisco, 2006.


Levine, I. N. Physical chemistry, 6th edition; McGraw-Hill: New York, 2009.

2.
Other materials:

The following is a list of other materials required for this course.  The list is abbreviated, not exhaustive, and is given in a spirit of guidance.


a. Computer programs



WebMO Pro; Web MO, LLC: Holland, MI.



Gaussian09; Gaussian, Inc.: Wallingford, CT.



GAMESS; Gordon research group, Iowa State University: Ames, IA.



Mathematica; Wolfram Research: Champaign, IL.



R; The R Foundation: Vienna, Austria.



Excel; Microsoft: Redmond, WA.


b. Laboratory equipment



Basic electronics equipment



Electron diffraction tube, such as the TEL-Atomic 2555



Spectrum tubes of various types, especially hydrogen and helium



UV-vis spectrometer, such as the the Ocean Optics USB-2000



High resolution UV-vis spectrometer, such as the Ocean Optics HR-4000



Interesting molecules, such as I2, 1'-3'-dihydro-1',3',3'-trimethyl-6-nitrospiro-2,2'-2H-



indole, HCl, DCl, dyes suitable for "particle-in-a-box" analysis



Solvents, including distilled water



Fourier transform infrared spectrometer capable of taking gas phase spectra



Fume hood



Basic laboratory glassware and equipment, such as beakers, flasks, pipettes, and 




balances

3.
Bibliographic support:


a. Books



CRC handbook of chemistry and physics; CRC Press: Cleveland, Ohio, 2009.



Hanna, M. W. Quantum mechanics in chemistry; W. A. Benjamin: New York, 1969.



Kauzmann, W. Quantum chemistry: an introduction; Academic Press: New York, 1957.



Kim, S. K. Group theoretical methods and applications to molecules and crystals; 



Cambridge University Press: Cambridge, U.K., 1999.



Lange, N. A. Lange’s handbook of chemistry; McGraw-Hill: New York, 2005.



Nesbet, R. K. Variational principles and methods in theoretical physics and chemistry; 



Cambridge University Press: New York, 2003.



Noggle, J. H. Physical chemistry; HarperCollins College Publishers: New York, 1996.



Pauling, L. The nature of the chemical bond and the structure of molecules and crystals; 


Cornell University Press: Ithaca, N.Y., 1960.



Shoemaker, D. P.; Garland, C. W.; Nibler, J. W. Experiments in physical chemistry, 5th 



ed.; McGraw-Hill: New York, 1989.


b. Journals

Journal of Physical Chemistry A, B, and C

Journal of the American Chemical Society

Journal of Organic Chemistry

Journal of Chemical Education

Chemical Reviews

Science



Journal of Chemical Information and Modeling

Journal of Chemical Theory and Computation



Inorganic Chemistry

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 9 in section III A.  Other assessment tools may be developed and used by the instructor.

V.
Rationale and Impact:

A. 
This course replaces CHEM321: Physical Chemistry II.  As quantum chemistry has increased in 
importance in the field of chemistry, coverage of this topic has grown to dominate the 
traditional second semester physical chemistry course.  This syllabus formalizes this situation.  
An administrative consequence of this is the change in prerequisites and corequisites; 
CHEM320: Physical Chemistry I is no longer a prerequisite as this course is no longer a 
continuation of CHEM320, but rather covers completely unrelated material.  This should allow 
more flexibility for students who may take this course before CHEM320 or as an elective in 
chemistry.  This course serves as a requirement for students majoring in Chemistry and as an 
elective for students majoring in Secondary Education-Chemistry and Biology/Chemistry.

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

C.
This proposal does not significantly effect the Chemistry program.  This proposal adds 
flexibility to the Chemistry/Secondary Education and interdisciplinary Biology/Chemistry 
programs.

VI.
Cost and Staff Analysis:

A.
There are no additional costs associated with this course beyond that of the existing CHEM321: 
six faculty contact hours, appropriate laboratory space and equipment.

B.
This course will be offered every year in the Spring semester. 
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