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DEPARTMENT OF CHEMISTRY

COLLEGE OF ARTS AND SCIENCE

CHEM-4600/5600:SPECTROSCOPIC METHODS IN CHEMISTRY

Fall-2010
Instructor:
Dr. Mohammad R. Karim, Professor, Department of Chemistry, TSU. 
Office Hours:
Mondays 4:00PM-5:00PM
Office Location: 200 Holland Hall

Text Book:
1.
Joseph B. Lambert, Herbert F. Shurvell, David A. Lightner and R. Graham Cooks; Organic Structural Spectroscopy, 1998, Prentice Hall Publishers.

Reference Books:

1. Dudley H. Williams and Ian Fleming; Spectroscopic Methods in Organic Chemistry, 5th Ed., 1995, McGraw Hill Publishers.

2. William Kemp; Organic Spectroscopy; 3rd Ed., 1991, Freeman Publishers.

3. Robert M. Silverstein and Francis X. Webster; Spectrometric Identification of Organic Compounds, 6th edition, 1998, John Wiley and Sons Publishers.

Course Objectives:
This course is designed for chemistry majors. The specific objective of the course is to provide the students with the theoretical as well as practical knowledge on modern spectroscopic techniques. The students will learn the basic principles of all spectroscopic techniques, and how to apply these principles to analyze and solve practical problems relating to the elucidation and identification of chemical structures. Each spectroscopic technique will be discussed with a strong emphasis on principles and then carry the material to the state of the art that is necessary for current standard structure elucidation. A balance between background theory and applied problem-solving will also be maintained. Each student will be given an opportunity to have a hands-on experience with all of the state-of-the-art equipments.

Course Description:
Sample purity of an unknown compound is extremely important to carry out spectroscopic analysis. Therefore, the course will start with the techniques of separation of mixtures and purification with a brief description on crystallization, distillation, TLC, GC, various types of column chromatography, HPLC etc. The significant portion of the course will cover all areas of spectroscopic techniques. A detailed description of the principles of IR, UV-VIS, NMR, MS, and other spectroscopic techniques will constitute the major portion of the course. More emphasis will be given on the following:

· Thorough discussion of the chemical shift and coupling constant as underlying principles of NMR

· Equal emphasis on proton and carbon-13 NMR techniques

· Multidimensional NMR techniques for signal enhancement and structure elucidation

· Extensive discussion of IR group frequencies and their relationship to structure

· Parallel inclusion of IR and Raman spectroscopies and explanation of how Raman supplements and expands IR experiments

· Fundamentals of electronic spectroscopy

· Integration of chiroptical methods (ORD and CD) for applications to chiral molecules

· Full treatment of modern ionization techniques in mass spectrometry (electrospray, MALDI, and others)

· Complete coverage of structural analysis from mass spectral fragmentations

· Principles of X-Ray crystallography and its application in determining the crystal structure

Competencies:
Upon completion of the course the students will:

· have basic understanding of the separation and purification techniques

· have the basic understanding of the theories of all spectral techniques

· understand the importance of theories to solve practical problems

· be able to elucidate chemical structures

· be able to solve practical problems in identifying unknown substances.

· will have hands-on experience in recording and analyzing spectral data.

· will have hands-on experience in analyzing the data
· be able to elucidate structure of organic molecules using 1H NMR and 13C NMR spectroscopy, as well as be able to interpret 2D NMR data
· thorough understanding of Mass Spectroscopy and analysis of fragmentation patterns
· be able to use Infra-Red and UV spectrums to determine molecular structures
Prerequisite: CHEM 2020 (Organic Chemistry II) and CHEM 3220 (Physical Chemistry II) 

Class Attendance
Class attendance is required. The University's policy on Excessive Absences will be followed. All students are requested to read the policy on Excessive Absences as described in TSU graduate catalog. Students are responsible for all assignments, announcements and materials presented during the class.

Course Assessment: Although this course is combined with the undergraduate and graduate class, the assessment criteria will distinctly be different. Separate set of assignments and exams will be given to undergraduate students. Also the grading policy will be different than those for graduate students (see "Grading Policy" below). Please read the following assessment criteria below:

1.
Homework and Assignments
Problems will be assigned on a regular basis. All homework will be for you to practice, and all assignments should be submitted in class. Elucidation of structures of unknown compounds will constitute the major part of the assignments. Students will be given spectra of molecules and other necessary information, and will be asked to elucidate the structure. Work submitted in mail box or slipped under the door will not be accepted. NO CREDIT will be given for the work submitted after the day of final exam. Assignments submitted after the due date will be considered late and 50% points will deducted for late submission. Assignments will not be accepted if they are late by over a week. Copying from others or from the Answer Book will result in loss of credit. or NO credit. All assignments must comply with the following:

a.
Standard (8 and 1/2 x 11 in.) with no ragged (spiral) edges.

b.
Pages stapled together in order

d.
Solutions should include all steps, and a brief description of these steps wherever necessary.

e.
Assignment number must be on the first page and student name must be on every page.

Failure to comply with any of the above instructions will affect your grade on homework or any other work.
2.
Tests and Exams
Three tests will be given during the semester, and the dates will be announced prior to each test. Several problems will be assigned as take home exams for grading.

3.
Final Exam:

Final exam will have problems involving elucidation of structures of organic molecules. All necessary spectra will be given.

Grading Policy (Undergraduate Class)
Grading Components





Grading Scale
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Assignment




20%

>85%

=
A
Tests




40%

75 - 84%
=
B

Class Performance



15%

65 - 74%
=
C










50 - 64%
=
D


Final Exam




25%

00 - 49

= 
F


Grading Policy (Graduate Class)
Grading Components





Grading Scale


Assignment




20%

>90 %

=
A

Tests




40%

80-89%
=
B

Class Performance



15%

70-79%
=
C










60 - 69%
=
D


Final Exam




25%

00 - 59

= 
F


TSU Statement of Disability Policy for Students

It is the policy of TSU to accommodate students with disabilities, pursuant to federal law, state law, and the University’s commitment to equal educational opportunities. Any student eligible for and requesting academic accommodations due to disability is requested to provide a letter of accommodation from the Office of Disabled Students Services within the first two weeks of the beginning of classes. Students with disabilities are encouraged to contact the Office of Disabled Student Services, which is located in Kean Hall, Room 117, Telephone 963-7400 or 963-7872.

Instructor:
 
Dr. Mohammad R. Karim





Phone: 615-963-5139




Office Location: Room 200 Holland Hall




Email: mkarim@tnstate.edu

Office Hours:
Mondays 4:00PM-5:00PM
DETAIL COURSE OUTLINE

	Week 
	Chapter
	Description

	1
	1
	Introduction

	2,3
	Reference Material
	Chromatographic Techniques; TLC, GC, HPLC etc

	4-6
	2


	Mass Spectroscopy: Instrumentation, discussion on various mass analyzer, determination of molecular formula, recognition of molecular ion peak, use of molecular formula, fragmentation, rearrangements and Mass spectra of some chemical classes, problems



	7,8
	3


	Infrared Spectroscopy; Introduction, Theory, Instrumentation, Sample Handling, Interpretation of Spectra and Characteristic group frequencies, problems.



	9-11
	4
	Proton Magnetic Resonance Spectroscopy (1H NMR): Introduction, Continuous wave NMR spectroscopy, Relaxation, Pulsed FT spectroscopy, Instrumentation and sampling handling, Chemical Shift, Simple Spin Coupling, Protons on Oxygen, Nitrogen and Sulfur atoms, Coupling of protons to Other Important Nuclei, Chemical Shift Equivalence, Magnetic Equivalence, AMX, ABX, and ABC Rigid Systems with Three coupling Constants, Long-Range coupling, Spin decoupling, NOE difference spectroscopy, and problems.



	12
	5
	13C NMR Spectroscopy: Introduction, Peak Assignments, Chemical Classes and Chemical Shifts, 13C-1H Spin Coupling. DEPT, Quantitative Analysis



	13
	6
	Correlation NMR Spectroscopy: Introduction, Theory, Correlation Spectroscopy, 1H-1H COSY, 1H-13C COSY



	14
	Reference Materials
	UV-VIS, Structural Analysis - Problem Solving. Students are expected to participate in problem solving



	15
	
	Final Exam – Comprehensive



Important Dates
	
	FALL SEMESTER, 2010 

	Aug 28 
	Classes begin 

	Aug 30-Sept 3 
	Late registration/Schedule Adjustment 

	Sept 6 
	Holiday-Labor Day 

	Sept 16 
	Opening Convocation 

	Oct 16-19 
	Fall Break- Including weekend 

	Oct 25-30 
	Mid-term Examination Week* 

	Nov 5 
	Last day to withdraw from courses-Office of Records 

	Nov 5 
	Last day to withdraw from University-Counseling Center 

	Nov 25-28 
	Holiday-Thanksgiving (including weekend) 

	Dec 9 
	Last day of classes 

	Dec 10-16 
	Final examinations for Fall 2010 semester** 

	Dec 18 
	Commencement- see commencement site 


LEARNING OBJECTIVES

	1
	Know the various types of intermolecular forces that are possible and understand their influence on physical properties (such as mp, bp and solubility) for a given molecule. 

	2
	Note the summary of attractive electric forces in Table 2.6. 

	3
	Understand that atoms and groups of atoms vibrate about the covalent bonds that connect them. Molecular vibrations can be thought of as balls (the atoms) connected by springs (the bonds) oscillating at frequencies in the infrared region specific to the types of bonds and atoms involved. Begin to use IR spectra for functional group identification (assuming a frequency chart is provided, e.g. Table 2.7).

	4
	Recognize 3000 cm-1 as the "dividing line between sp2 (3200-3000 cm-1) and sp3 (3000-2800 cm-1) carbon-hydrogen stretches. Be able to use an IR spectrum to infer the presence or absence in a molecule of these respective types of C-H bonds.

	5
	Be able to use IR spectra to infer the presence or absence of various functional groups (with the aid of a frequency correlation chart like that found inside the back cover or Table 2.7). Understand this use as probably the most important application of IR spectroscopy in structure elucidation.

	6
	Know the definition of spectroscopy. 

	7
	Understand the general properties of waves (wavelength, frequency, units used in describing waves). Gain a general appreciation for wavelength and the relative energy of various regions of the electromagnetic spectrum.

	8
	Read for background and general understanding of the basis for nuclear magnetic resonance (NMR).

	9
	Understand the meaning of "chemical shift", the reason for differences in chemical shift from one nuclear environment to another, and the use of the terms "upfield" and "downfield". Understand interpretation of chemical shift with respect to number of peaks in an NMR spectrum and the number of different types of hydrogens in a molecule.

	10
	Understand the interpretation of integral curves, i.e., the correspondence of peak area with the number of hydrogens producing a given signal.

	11
	Know what is meant by "signal splitting" (the interpretation of which will be explained in later sections).

	12
	Read for general understanding.

	13
	Recognize that nuclei can be shielded or deshielded from the applied magnetic field in an NMR spectrometer by the influence of electron density and circulating electrons near a given nucleus. As a result, the position of peaks for nuclei in various environments fall in predictable chemical shift regions. (see Figure 9.13, which is also found inside the back cover)

	14
	Be able to use Figure 9.13 to predict the chemical shift of proton NMR signals in molecules. Know that TMS is the reference standard (with a chemical shift of zero) for the chemical shift scale.

	15
	Be able to identify chemically equivalent (and therefore chemical shift equivalent, or homotopic) nuclei in NMR spectra. Be able to identify enantiopic and diastereotopic hydrogens.

	16
	Using the n+1 rule for signal splitting, be able to predict the number of peaks in an NMR spectrum for a given set of hydrogens, bearing in mind the relevance of chemically equivalent (homotopic), enantiotopic, and diastereotopic hydrogens. Be able to work backwards from spin-spin splitting patterns in a spectrum to determine how many hydrogens are neighboring the hydrogens giving rise to the signal being interpreted. Understand the reciprocity of coupling constants.

	17
	Know that rapid conformational change leads to a signal that is a weighted average of the environments experienced by a given nucleus.  Know that spin-spin splitting is usually not observed between hydrogens on O and N atoms (e.g. alcohols, amines, and carboxylic acids) and the hydrogens on carbon atoms adjacent to these groups, due to chemical exchange by virtue of their acidity.

	18
	Be able to interpret 13C NMR spectra (i.e., elucidate a structure) using chemical shift correlations (see Figure 9.27, which is also found inside the back cover) and DEPT information. Be able to predict a 13C NMR spectrum for a compound having a given structure.

	19
	Know how to interpret COSY and HETCOR two-dimensional NMR spectra. 

	20
	Note the different axes used in mass spectra, as compared with IR and NMR, and understand their meaning.  

	21
	Be able to write a general equation for electron impact ionization and understand the process in a general sense.  Know that fragmentation can occur.  Know that mass spectrometers sort ions of differing mass to charge ratios (m/z). Note the variety of ion sorting methods used in mass spectrometers having different designs.  

	22
	Understand what the molecular ion (M+) and base peak are in a mass spectrum.  Understand that M+1 peaks (and M+2 peaks) are caused by the presence of isotopic nuclei in molecules. 

	23
	Know how to use the M+1 peak in an electron impact mass spectrum to calculate the molecular formula for a compound. 

	24
	Be able to draw fragmentation equations (showing single electron movements with single-barbed arrows).  Know that electron impact ionization occurs most easily by dislodging a nonbonding or pi electron, and that fragmentation usually occurs at adjacent bonds.   Know that fragmentation is especially likely when the cleavage forms a relatively stable carbocation (e.g. an allylic cation or acylium ion).  Know that fragmentation involving cleavage of two bonds can also occur if a hydrogen atom can be transfered and/or if a cyclic transition state can occur (e.g. the retro-Diels Alder or McLafferty rearrangements). 

	25
	Know the meaning of the acronym GC/MS and that it is a very powerful and widely used technique for separation and identification of compounds. 

	26
	Know that mass spectrometry can be done with nonvolatile and very large molecules (e.g. polymers and biomolecules) using "soft" ionization techniques such as electrospray ionization (ESI), matrix-assisted laser desporption ionization (MALDI), and other techniques. 
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