Spectroscopy
3 kinds of Spectroscopy is used to determine organic structures

1. Infrared

a. Useful for identifying key functional groups like carbonyls and alcohols

b. Works because different functional groups absorb different frequencies of infrared radiation.

c. Measured in wavenumbers (1/cm or cm-1) which is the inverse of the wavelength.  Higher wavenumber means higher energy

2. Ultraviolet

a. Useful for identifying conjugation (series of double bonds)

Conjugation


No-conjugation
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b. Works because electrons in pi bonds absorb ultraviolet radiation to make transitions to higher energy states.  The more conjugation, the less energy it takes.  

3. NMR (nuclear magnetic resonance)

a. Map of carbon-hydrogen framework
b. Works because each nuclei of C-13 and H-1 align in a magnetic field.  When radiation is applied, certain frequencies are absorbed to get the nuclei to align against the magnetic field.  From these characteristic absorbances, one can determine the relative number and location of CH3 and CH2 and CH groups using H-1 NMR (and others with C-13 NMR). 

1. How to read infrared spectra
a. Look at the different bonds and compare their characteristic frequencies listed in table 18 of your data booklet to the peaks in the spectra.
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All of the structures above will have a peak in the 2800 to 3100 cm-1 region because of the vibrations of the C-H bond so look for characteristic frequencies of other functional groups.  The lack of characteristic peaks will indicate that the structure is an alkane.

a. Structure A

i. No characteristic frequencies other than the C-H vibration

b. Structure B

i. Will also have a C=C vibration with peak in 1610 to 1680 cm-1
c. Structure C

i. Will also have a C-Cl vibration with peak in 700-800 cm-1 region

d. Structure D

i. The O-H is usually a wide peak 2500 to 3300 cm-1 region

e. Structure E 

i. Will have a C=O vibration with peak in 1680 t o1750 cm-1
2. How to read NMR spectra

a. The height of the peak in NMR spectra gives you the relative number of equivalent hydrogen atoms.
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i. For example in propane, there are six hydrogen atoms attached to CH3 and two on the CH2 group. 

ii. So one would expect two peaks one at 0.9 and one at 1.3

iii. The peak at 0.9 that represents the CH3 groups will be 3 times as high as the peak at 1.3 because there are three times as many hydrogen atoms represented. 

b. NMR spectra will also show peaks that are split due to interactions of nearby hydrogen atoms.   The number of peaks in a split give an indication of where functional groups are in relation to each other.  

i. n + 1 rule: hydrogen atoms that have n equivalent neighboring hydrogen atoms split into n+1 peaks in the NMR spectra.

ii. So we would expect the peak at 1.3 to be split into 7 peaks due to the 6 equivalent hydrogen atoms next to it.

iii. The peak at 0.9 would be split into a triplet

