Infrared Spectroscopy

The infrared spectrometer (IR) is an essential instrument for organic chemical analysis.  Using a small amount of sample, the chemist can gain valuable insight into the bond structure and, thus, the identity of the compound.  Areas in which infrared spectroscopy is used include:  crime lab work, reaction monitoring, quality control of a manufacturing process, and any other situation in which organic (carbon containing) compounds need to be identified.


The IR instrument uses a portion of the light spectrum called infrared, which is next to and has a longer wavelength than visible red light.  Infrared light is measured in units called wavenumbers, which are the reciprocal of wavelength.

wavenumber (cm-1) = 1 / wavelength (cm)

The infrared spectrum covers wavenumbers 600 cm-1 to 4000 cm-1.


Unlike visible light, infrared light can not be seen.  It can, however, be detected as heat.  When your body feels heat, it is really infrared radiation that it is feeling.  Increased temperature is a measure of increased molecular motion.  Heat sources such as infrared light make molecules move in a variety of ways.


Two of the most significant types of molecular motion are stretching and bending of bonds within the molecule.
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To cause a particular bend or stretch, a specific wavenumber of infrared light is required.  For example, a photon with a wavenumber of 2900 cm-1 will cause a C-H stretch (a stretch between carbon and hydrogen atoms within a molecule).  However, 2900 cm-1 will not cause

O-H bonds to stretch because O-H does not absorb this frequency.  Therefore, if we measure an absorbance at 2900 cm-1, we know we have C-H bonds present in the molecule.  Other combinations of bonded atoms will absorb photons of other infrared frequencies.  The collection of all absorbances between 600 and 4000 cm-1 constitutes the infrared spectrum for that molecule.  This can be thought of as a molecular fingerprint.  Just as people have unique fingerprints, molecules also have unique fingerprints.  Identical molecules have identical fingerprints.  Since every molecule has a unique arrangement of bonded atoms, every molecule absorbs a different set of infrared frequencies.  For example, all molecules or samples of ethyl alcohol will have identical fingerprints (infrared spectra), but a sample of rubbing alcohol (propanol) will have a different fingerprint than ethyl alcohol.
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