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HOW DOES IT WORK?

In organic molecules, covalent chemical bonds vibrate at specific energies when
irradiated with light in the mid-infared region of the electromagnetic spectrum —
light with wavelengths between 25 and 2.5mm is commonly used in the analysis.
The frequency of the vibration depends on the atoms at the ends of the bonds —
IR spectroscopy is primarily used to identify the functional groups in a sample.
The strength of the bond and the masses of the atoms on either end determine
which wavelength of light is absorbed.

An infrared spectrometer works by passing a beam of monochromatic infrared
light through a sample and comparing this to a reference beam. The wavelength
of the light is scanned over time. The light is collected by a detector and
transformed into an electrical signal with a processor. A spectrum with the %
Transmittance is obtained. There is a useful tutorial on this design at
www.cem.msu.edu/~reusch/VirtualText/Spectrpy/InfraRed/infrared.htm

Infared radiation is commonly measured in wavenumber units, which is the
reprochal of a wavelength, with units of cm™. Light in the mid-infared region, with
a wavelength between 25 and 2.5mm corresponds to wavenumbers between
4000 and 400 cm™.

APPLICATIONS

Infrared spectroscopy is a relatively common and simple technique. It is often
used to categorise unidentified compounds. Time-resolved measurements can



also be used to monitor the changes in concentration of a given compound.
Changes in concentration are observed by the changes in the peak intensity.

Samples can be investigated in the gas, liquid and solid phases. However,
precautions must be taken to ensure the solvent/substrate absorbance features
are removed from the spectra.

ANALYSIS OF AN INFRARED SPECTRUM

An example of an infrared spectrum for octane (CgH1s) is given below. Molecules
absorb infared light when one of six possible bonding vibrations occur: bonds can
have symmetrical and asymmetrical stretching, scissoring, rocking, wagging and
twisting. The energies of the peaks must be matched to known bond vibrations.
The C-H stretching and bending energies are clearly visible but the C-C bands
are not seen, as they are either too weak or too low in energy. For IR analysis
help, see http://orgchem.colorado.edu/hndbksupport/irtutor/tutorial.html
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Examples of some common bond vibration energies:

Peak Position
3500 — 3300 cm™
3300 — 3200 cm™
3100 — 3000 cm™
3000 — 2850 cm™”
1760 — 1665 cm’™
1680 — 1640 cm’”’

Bond
N-H stretch (amines)
O-H stretch (alcohols)
C-H stretch (alkenes)
C-H stretch (alkanes)
C=0 stretch (ketones, aldehydes, esters)
C=C stretch (alkenes)




