 SPECIAL TOPICS IN ANALYTICAL CHEMISTRY

Introduction to NMR
CHEM 921, Fall 2005
MWF 11:30-12:20, Rm 548 Hamilton Hall

A.) Instructors:  Dr. Robert Powers 

Office



Labs


Address:
722 HaH


721-720 HaH


Phone:

472-3039


472-5316


Office Hours: 10:30-11:30 am MWF or by Special Appointment.



  web page: http://bionmr-c1.unl.edu
B.) Text: J. W. Akitt & B. E. Mann, NMR and Chemistry: An Introduction to Modern NMR Spectroscopy, Stanley Thornes, 2000.

C.) Coursework:
Students will have two hourly exams, five structural problems, a written report and problem sets.  The Exams will be held during the normal course hour on the tentative dates shown below.


Written Report:

50 pts

(Fri., Sept. 9th)



Exam 1:


100 pts

(Fri., Sept 23rd)



Exam 2:


100 pts

(Wed., Nov. 2nd)



Structure Problems (5)
150 pts

(see below)


Total:



400 pts

The due dates for the structure problem sets are:


Structure Problem #1
Fri. Sept 30th

Structure Problem #2
Fri. Oct  7th

Structure Problem #3
Fri. Oct 14th

Structure Problem #4
Fri. Oct. 21st

Structure Problem #5
Fri. Oct 28th
 Answer keys for the problem sets and exams will be posted on the bulletin board next to Room 722 Hamilton Hall and on the web (http:// bionmr-c1.unl.edu).  If removed for photocopying, these keys must be returned to the bulletin board immediately after use. 

Lecture Topics

CHEM 921, Fall 2005
Topic 






Chapters in NMR & Chemistry.
I. BASIC NMR Theory




I. Introduction to NMR Theory




1
a. Quantum and classical description

II. Obtaining an NMR Spectra




5

a. Data acquisition

b. Data processing

c. instrumentation

III. Chemical Shifts ()





2

a. Select examples of chemical shift trends

b. Predicting chemical shifts


IV. Coupling Constants (J)




3
a. Simulation of second-order spin systems

II. One and Two Dimensional NMR






I. NMR Pulses






6
II. 1D NMR






8
a. Specific experiment examples

1. NOE

2. J modulation

3. INEPT

4. DEPT

5. INADEQUATE

III. 2D NMR






9
a. Theory

b. Specific experiment examples
1. COSY

2. TOCSY

3. NOESY

4. HMQC

5. HMBC

IV. Examples of Spectral Interpretation



8

III. NMR Dynamics



I. Relaxation






4
a. T1, T2

b. Dipole-Dipole
c. CSA

d. Quadrupolar relaxation

II. Exchange






7
a. NMR time scale

Solid State NMR






11



IV. PAPER REVIEWING AN NMR EXPERIMENT USED FOR THE STRUCTURE DETERMINATION OF AN ORGANIC MOLECULE   
CHEM 921, FALL 2005
The overall grade in this course will include a paper that summarizes a scientific article that describes an NMR experiment that is useful for the analysis of a chemical structure.  The papers should include >2-3 pages of single-spaced text with additional pages to accommodate required figures and pertinent references.  One inch margins should be used on all borders.  The type should 12 pitch font with double spacing between paragraphs and headings.

The paper will be worth 50 points and is due on Fri., Sept. 9th.  The paper will be graded based on clarity of presentation, comprehension of the material, summary of the results.  When the paper is turned in for grading, each student should submit one copy of the paper and one copy of the reviewed article. 

The purpose of each paper is to present a clear understanding of the goals and findings of a pertinent research article in the student’s own words.  Do not copy or directly paraphrase the paper! When writing your review consider the following questions: 1) What issue or problem is the technique addressing?  2) What, if any, are the current experiments used to address this problem?  3) How does the new experiment compare to standard experiments? What are the benefits? What are the limitations? 4) How does the experiment help solve a structure?  5) What is the theory behind the experiment? 6) What results were achieved with the experiment?  

Recommended sources of research articles that describe NMR experiments are: Journal of Magnetic Resonance, Journal of Biomolecular NMR, Magnetic Resonance in Chemistry, Magnetic Resonance Quarterly, and Progress in NMR Spectroscopy
The paper may cover any relevant NMR experiment except the experiments described in the syllabus or the test.  The paper may describe an improvement or modification to these experiments.
STRUCTURE PROBLEMS

(Using NMR to Determine the Structure of Unknown Organic compounds)
A major component of the overall grade for this course will include the determination of the structure for five unknown organic compounds using realistic experimental NMR data obtained using the departmental 500 MHz NMR spectrometer. Each unknown organic compound will include the following data set: a) chemical formula, b) 1D 1H NMR spectra,  c) 1D 13C NMR spectra, d) 2D 1H COSY, e) 2D 1H NOESY, f) 2D 1H-13C HMQC and g) 2D 1H-13C HMBC.  The NMR data for the unknowns will be available in the NMR computer lab (832 HaH) with a guide for using the NMR software.  
The structure problem sets will be randomly assigned to each student a week before the due date.  The completed report for the structure determination of the organic unknowns will contain the following information: 1) unknown number, 2) chemical structure of the unknown, 3) 1H and 13C assignments, 4) summary of key experimental information that support the assignments using the structure. 
There are a limited number of unknown data sets.  Therefore it is more than likely that more than one student will be working on the same problem set at the same time.  Also, it is inevitable that you will be working on a problem that another student has already solved at an earlier date. 

Do Not Work Together To Solve the Structure Problem Sets.  


Do Not Share Your Results With Other Students.


The Graded Problem Sets Will be Returned After All Five Problem Sets Have 
Been Completed.  

The goal is to develop your skills in analyzing NMR data to solve the structure of a compound, not to simply report the correct structure to obtain a high grade. It is in your best interest to work through these problems on your own. Any evidence that a student has not independently determined a structural solution for each unknown will result in a failing grade for the class.    
A practice data set will also be available.  Please use this as an opportunity to gain experience and training with the XWIN NMR software prior to working on the five unknown data sets.  Please contact either:  Dr. Joseph Dumais (834B HaH, 472-6255) or Ms. Sara Basiaga (832B HaH, 472-3797). Dr. Dumais and Ms. Basiaga will also oversee scheduling and access to the NMR computer lab. The web address for the Research Instrument facility that contains online manuals and instrument scheduling is : http://www.chem.unl.edu/nmr/index.html
