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Chemistry 882: Spectroscopy with Applications to Biomolecules 
 
TuTh, 10:20 a.m.  – 11:40 a.m. 
https://www2.chemistry.msu.edu/courses/CEM882/cem882.htm  
 
Instructor 
 
Dr. David Weliky      
Room 41 Chemistry       
517-353-1177       
weliky@chemistry.msu.edu      
 
Reference Books (on reserve in Main Library) 
1. K. E. van Holde, W. C. Johnson, and P. S. Ho, Principles of Physical Biochemistry, second edition (2006) 
2. P. W. Atkins and R. S. Friedman, Molecular Quantum Mechanics, fourth edition (2005) 
3. Donald Voet and Judith G. Voet, Biochemistry, fourth edition (2011) 
 
Other Reference Books 
4. Donald A. McQuarrie and John D. Simon, Physical Chemistry: A Molecular Approach 
5. James R. Barrante, Applied Mathematics for Physical Chemistry 
6. Charles R. Cantor and Paul R. Schimmel, Biophysical Chemistry (volumes 1-3) 
7. Michel Daune, Molecular Biophysics, Structures in Motion 
8. Rodney Cotterill, Biophysics: An Introduction 
9. Claude Cohen-Tannoudji, Bernard Diu, Franck Laloe, Quantum Mechanics (vols. 1,2) 
10. Jack D. Graybeal, Molecular Spectroscopy 
11. Thomas C. Farrar and Edwin D. Becker, Pulse and Fourier Transform NMR 
12. Charles P. Slichter, Principles of Magnetic Resonance 
13. P. W. Atkins, Quanta: A Handbook of Concepts 
 
Syllabus (approximate)  
 
 

Week Topic Reading 

Jan. 13 – 17 Review of Protein, Nucleic Acid, 
and Membrane Structure 

Voet, Chapter 4, 5.1-5.3, 8.1, 8.3-8.5 
VJH, 1.5 

Jan. 20 – Feb. 14 Orders of Magnitude of Atoms and 
Molecules 

VJH, 8.1 
AF, 7.3 

Feb. 17 – 28 Quantum Mechanical Background VJH, 8.2 
AF, 1.1-1.20 

Mar. 10 – Apr. 4 Electronic Spectroscopy, Angular 
Momentum, Magnetic Resonance 

VJH, 8.3, 9.1, 12.1-12.4, 12.6-12.8 
AF, 3.9-3.14, 7.1-7.2, Fur. Inf. 8 

Apr. 7 – 25 Absorption and Emission of 
Radiation, Fluorescence 

VJH, 8.4, 8.5, Chapter 11 
AF, 10.1, Fur. Inf. 16, 17 
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Homework 
 
There will be about five homework assignments in the course. You can work with your classmates on solving 
the problems but what you hand in should not be a direct copy of another student’s work. 
 
Exams 
 
There will be two exams in the course. 
 
I will provide a review sheet prior to each exam. In addition, fundamental constants will be provided on the 
exam. You can also bring in one page to each exam with any information that you think is important. 
 
You should show all of your work and explain your reasoning on homework and exams. Most of the grading 
credit will be based on your reasoning. 
 
Grading 
 
The final grade will be a combination of exam grades (~2/3 contribution) and homework grades (~1/3 
contribution). 
 
The approximate final grading scale will be: 
 

4.0 80% – 100% 
3.5 70% – 80% 
3.0 60% – 70% 
2.5 50% – 60% 
2.0 40% – 50% 
1.5 30% – 40% 
1.0 20% – 30% 
0.0 0% – 20% 



Many "small" organic molecules
(1kDa)

a

important for life .

There are also for classes of
larger Molecules : Carbohydrates
Spolymers of monomer senits like

glucose , fructore ,
mannoseS

proteins (polymers of amcino acids),
nucleic acids ) polymers ofnucleotides,
and lipids (self-assemble to

form bilayers) .
There are also

conjugates among the classes
protein + carbohydrate (glycoprotein)
lipid + carbohydrate (glycolipid)

tprotein lipid (lipoprotein)



Typical MW of a protein is in the

range of 5X103-106 Da

Proteins have diverse functions in
life
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⑪ catalysis of chemical reactions
enzymes

SARS . CoV-2 protease (hydrolytically
inhibitory

cleares protein) => target of
Paxlovid drug which is highly
effective at mitigating

Covid symptoms if taken within 5 days
of onset of symptoms

=> protease

inhibitors were first developed
in 1990's to treat AN which is

a virus similar to SARS-CoV-2 =

part of COVID
treatment regimen is

a HIV protease inhibitor Bitonavir

through its "off-target inhibition
P450 a human enzymeofcytochrondroxylates (

aganic no lecules
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Specific 9
.
4 regions result in

regular /periodic H-bonding for
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Tertiary Structure E3D geometric
arrangement of secondary structure
elements

: US.

Me

Many evolved protein sequences
(i . e.

found in an organism) have well-defined
"folded structures or at least

regions with well-defined structures
L S]

Well-defined = 3D arrangement of
atoms is very similar for all molecules
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Space-filling model E represent each atom

by its VanderWaals

e-density
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Requirement of Life = control (J's of
molecules in a defined space usually
accomplished by a lipid membrane which

provides a barrier to diffusin

50 a thickness
·
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for a cell



Cell membrane bilayer forms barrier between interior and exterior of cell

Cell interior

Cell exteriorglucose CH20H polymer ofCarbohydrates
OH-YO like glucose-

-> on IOH

Obon
leaflet
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Lipid molecules

choline

Cholesterol

& glycerol
sphingosine



Cherezov, V. et al. (2007) Science 318, 1258-1265

Structure of Beta Adrenergic Receptor (~400 amino acids)

Binds adrenaline

Initiates “fight or flight” response

Target of asthma and cardiac drugs – 40 billion dollars/year



Subbarrao, G. et al. (2010) J. Mol. Biol. 360, 750-759

Structure of Outer Membrane Protein G of E. coli bacterium (301 amino acids)
14 antiparallel E

 

strands in a E

 

barrel structure

13 Å diameter pore

channel for larger oligosaccharides (sugars)? 



Nucleic acids : DNA + RNA

linear polymers of nucleotides

code for the specific amino acid
sequences of proteins

DNAFRNAT proteinit is

a specific
sequence



The Building blocks of nucleic acids

& RNA

if I then DNA



nitrogenous
bases



Nomenclature:  Nucleotide, base+sugar+phosphate
Nucleoside:  base+sugar



The covalent backbone of DNA and RNA



Watson/Crick basepairing holds double helix together.



Structure of double helical B DNA major groove

Minor 
groove

Rise, h:  3.4 Å
Helical repeat, 
c:  10-10.5 
bases

c=10.5



Protein"transcription Factor
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dimer

DNA
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