David Punihaole CHEM 6300 Fall 2023

Course: CHEM 6300, Topics in Analytical Chemistry (Molecular and Analytical Spectroscopy),
3.0 credits

Location: T,R 13:15 — 14:30 (1:15 — 2:30 pm), HILLS AGRI SCI 235
Instructor: Prof. David Punihaole
Office: INNOVATION HALL E352

Email: David.Punihaole@uvm.edu

Office Hours: TBD
Prerequisite: Graduate student

Course Description: In this course, you will learn the fundamental concepts and principles of
optical spectroscopy methods of analysis. The course aims establish a rigorous foundation to
understand fundamental aspects of different optical spectroscopies such as UV and IR
absorbance, Rayleigh and Raman scattering, fluorescence, and select non-linear techniques.
Emphasis will be placed on fundamental theoretical concepts, instrumentation, and applications
in materials science, chemistry, biophysics, and imaging.

4. Critically evaluate literature in the field of molecular and analytical spectroscopy.

Course Materials: There is no required textbook for the course. However, several are
recommended:

Alan Marshall, Biophysical Chemistry, John Wiley & Sons, Inc. 1976

Jeanne L. McHale, Molecular Spectroscopy (1%t or 2" Ed.), CRC Press 2017

James D. Ingle and Stanley R. Crouch, Spectrochemical Analysis, AbeBooks, 1988

Max Diem, Introduction to Modern Vibrational Spectroscopy, John Wiley & Sons, Inc. 1993
Robert W. Boyd, Nonlinear Optics (3" Ed.), Academic Press, Inc. 2008

Copies of the chapters belonging to these textbooks can be made available upon request to me.
These copies are for educational purposes only. Please do not distribute these copies.

Web Content: Lecture notes, problem sets, problem set answer keys, and exams may be made
available through Brightspace. These materials are available for all current, UVM-affiliated,
students, but they may not be shared off-campus without permission of the instructor.

Attendance Policy: Attendance will not be taken for this course, but you are expected to attend
all lectures to do well. If you miss a lecture for any reason, it is your responsibility to catch-up on
missed material.
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Intellectual Property Statement/Prohibition on Sharing Academic Materials: Students are
prohibited from publicly sharing or selling academic materials that they did not author (for
example: class syllabus, outlines or class presentations authored by the professor, practice
guestions, text from the textbook or other copyrighted class materials, etc.); and students are
prohibited from sharing assessments(for example homework or a take-home examination).
Violations will be handled under UVM'’s Intellectual Property policy and Code of Academic
Integrity.

Student Learning Accommodations: In keeping with university policy, any student with a
documented disability interested in utilizing accommodations should contact SAS, the office of
Disability Services on campus. SAS works with students and faculty in an interactive process to
explore reasonable and appropriate accommodations, which are communicated to faculty in an
accommodation letter. All students are strongly encouraged to meet with their faculty to discuss
the accommodations they plan to use in each course. A student's accommodation letter lists those
accommodations that will not be implemented until the student meets with their faculty to create
a plan.

Contact SAS:

A170 Living/Learning Center
802-656-7753
access@uvm.edu
www.uvm.edu/access

Religious Holidays:
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C.AR.E.

If you are concerned about a UVM community member or are concerned about a specific event,
we encourage you to contact the Dean of Students Office (802-656-3380). If you would like to
remain anonymous, you can report your concerns online by visiting the Dean of Students website
at https://www.uvm.edu/studentaffairs
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Course Schedule
Week 1, 08/28 — 09/1

e Lecture 1: Syllabus introduction, harmonic oscillator
e Lecture 2: Introduction to electromagnetism, properties of light

Week 2, 09/04 — 09/08

e Lecture 3: Electrostatics, dipole moment, polarizability
e Lecture 4: Classical Theory of absorption and dispersion

Week 3, 09/11 — 09/15

e Lecture 5: Time-dependent perturbation theory
e Lecture 6: Spectral lineshapes and dynamics

Week 4, 09/18 — 09/22

e Lecture 7: Relationship between refractive index, polarizability, and permittivity
e Lecture 8: Electronic absorption and emission (fluorescence) spectroscopy

Week 5, 09/25 — 09/29

e Lecture 9: Absorption/Fluorescence Instrumentation
e Lecture 10: Absorption/Fluorescence Applications

Week 6, 10/02 — 10/06

e Lecture 11: Vibrational normal modes
e EXAM1

Week 7, 10/09 — 10/13
e NO CLASSES
Week 8, 10/16 — 10/20

e Lecture 12: How vibrations report on structural dynamics and interactions
e Lecture 13: Infrared Spectroscopy theory

Week 9, 10/23 — 10/27

e Lecture 14: FTIR, ATR, Photothermal IR
e Lecture 15: Rayleigh and Raman scattering

Week 10, 10/30 — 11/03

e Lecture 16: Resonance Raman scattering: Vibronic theory
e Lecture 17: Surface and Tip-enhanced Raman Spectroscopy
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Week 11, 11/06 — 11/10

e Lecture 18: Raman Instrumentation
e Lecture 19: Applications of IR and Raman spectroscopy

Week 12, 11/13 — 11/17

e Lecture 20: Classical theory of non-linear optical processes
e Lecture 21: Second harmonic and sum frequency generation

Week 13, 11/20 — 11/24
e THANKSGIVING BREAK, NO CLASSES
Week 14, 11/27 — 12/01

e Lecture 22: Introduction to Coherent Raman Spectroscopy
o Lecture 23: Coherent Raman Instrumentation

Week 15, 12/04 — 12/08

e Lecture 24: Coherent Raman Applications
EXAM 2
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