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Final Project Report
FT NMR Spectroscopy in the Undergraduate Laboratory
DUE 9551664

David M. Collard
Georgia Institute of Technology

Part I1

The aim of the project was to introduce high field Fourier transform Nuclear Magnetic
Resonance spectrometry in the undergraduate chemistry laboratories in the Boggs Chemistry
Building at the Georgia Institute of Technology, and to investigate new pedagogical approaches
for structure determination. A variable temperature multinuclear (‘H, '*C, F and *'P) Varian
300 MHz spectrometer was purchased with the aid of the award. In the first nine months of
operation we have limited use of the instrument to the sophomore-level organic laboratories.

The instrument is used by three pairs of students per afternoon for between two (summer quarter)
and five (fall quarter) days per week. Approximately 300 students pass through our three-quarter
laboratory sequence per year. All of these students will acquire, optimize and print their own
spectra. .

We have carefully developed a sequence of experiments over the three quarters to introduce
students to the concepts of NMR spectroscopy. Students take the laboratory after they have been
introduced to spectroscopy in the lecture series. Initial “unknowns” in the laboratory for 'H
NMR spectroscopy are compounds which display either a quartet and triplet of an ethyl group, or
a septet and doublet of an isopropyl group, along with a methyl or butyl group (both appearing as
singlets). Thus, there are a number of structures possible, and each group working on this
assignment can have a different unknown. Students have responded well to their collection of
real spectra which are both as simple as expected, but also contain some features which are not
discussed in the lecture coverage of spectroscopy (i.e., “tenting” of coupled multiplets, residual
CHCI, in the deuterated solvent, a small signal for water in the solvent, baseline noise, and
spinning side bands). The fact that the spectra really do consist of identifiable multiplets which
allow for structural determination is confidence-building and makes the topic of spectroscopy
more relevant to the students. The other features allow us to introduce new discussion. Other
unknowns become progressively more challenging in the first quarter.

In the second and third quarters students perform a number of syntheses and
characterizations. By the time they progress to the advanced organic laboratory they are solving
complex structures on mixtures of compounds. The spectrometer has allowed us to completely




revamp what was a classical qualitative analysis laboratory into a modern instrument-based
course.

Students are also introduced to infrared spectroscopy, gas chromatography in the first quarter
of laboratory. By their senior year they have experience and access to a whole suite of
techniques available to our researchers.

Plans for incorporation of NMR into inorganic, physical and analytical laboratories are
progressing. In particular , the instrument will have a large impact on the redesign of our entire
curriculum in response to a change form a quarter based academic calendar to one based on
semesters.

Part III

No pubications have resulted from the award to date. The original proposal, and some

discussion of our approach has been made to individuals upon request.




