Problem Set 4

(Infrared Spectroscopy)

1.
Isotopic labeling is a very important technique in organic chemistry. One way for synthetic chemists to check for isotope incorporation is by IR spectroscopy.. An advantage of IR for these studies is that the force constant for a bond does not depend heavily on the isotopes of the two atoms.  In fact, one can assume that the force constant for C-H and C-D bonds will be the same.  A certain gas phase biochemist took an IR of the amino acid glycine H2NCH2COOH.  Among the peaks in the spectrum were an N-H stretch at 3200 cm-1, an O-H stretch at 3570 cm-1 and the carbonyl stretch at 1760 cm-1.  

Predict the location of the following stretches:

a.
the N-H stretch if D is substituted for H

= 1/2 √k/
    2/1 = √1/2
NH = (0.014)(0.001)/(0.015)NA = 1.549x10-27





ND = (0.014)(0.002)/(0.016)NA = 2.9x10-27
V2 = 3200 (0.731) = 2337 cm-1
b
the N-H stretch if 15N is substituted for 14N.
3192.8 cm-1

c.
the OH stretch if 3T is substituted for H  2179 cm-1

d.
the C=O stretch if 18O is substituted for 16O  1717.6 cm-1
2.
Which of the following molecular vibrations will be IR active? 
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3.
Draw out the IR spectrum that you would expect for the compound shown below.  Indicate the approximate position of each peak and from what functional group it arises. Do not look the spectrum up (honor code).

[image: image9.wmf]
looking for carbonyl stretch, C-F, C-Cl, C-C, C-H (aliphatic), and C-H (vinyl) stretches, also C-C bends

4.
For the following spectra, identify all peaks with E > 1500 cm-1 and provide a structure for a molecule that is consistent with the spectrum.

vinyl/aromatic CH, no aliphatic CH, C≡C or C≡N stretch, but no alkyne CH.  overtones.  Best guess C≡C , or C≡N
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best guess: any ketone, ester.   NOT an aldehyde, carboxylic acid, or amide
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