
SPECTROSCOPY is the study of the interaction between radiation (electromagnetic radiation, or light, as 

well as particle radiation) and matter. Spectrometry is the measurement of these interactions and an 

instrument which performs such measurements is a spectrometer or spectrograph. A plot of the 

interaction is referred to as a spectrum.

What is the basic principle of IR spectroscopy?
IR radiation does not have enough energy to induce electronic transitions as seen with UV. Absorption of 

IR is restricted to compounds with small energy differences in the possible vibrational and rotational 

states. 

For a molecule to absorb IR, the vibrations or rotations within a molecule must cause a net change in the 

dipole moment of the molecule. The alternating electrical field of the interacts with fluctuations in the 

dipole moment of the molecule. If the frequency of the radiation matches the vibrational frequency of the 

molecule then radiation will be absorbed, causing a change in the amplitude of molecular vibration.
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Schematics of a two-beam absorption spectrometer.

 Infrared light sources
Instruments for measuring infrared absorption all require a source of continuous infrared radiation and a 
sensitive infrared transducer, or detector.

Infrared sources consist of an inert solid that is electrically heated to a temperature between 1,500 and 
2,200 K. The heated material will then emit infra red radiation.

The Nernst glower
The Nernst glower is constructed of rare earth oxides in the form of a hollow cylinder. Platinum leads at 
the ends of the cylinder permit the passage of electricity. Nernst glowers are fragile. They have a large 
negative temperature coefficient of electrical resistance and must be preheated to be conductive.

The globar source
A globar is a rod of silicon carbide (5 mm diameter, 50 mm long) which is electrically heated to about 
1,500 K. Water cooling of the electrical contacts is needed to prevent arcing. The spectral output is 
comparable with the Nernst glower, except at short wavelengths (less than 5 mm) where it's output 
becomes larger. 

The carbon dioxide laser
A tunable carbon dioxide laser is used as an infrared source for monitoring certain atmospheric pollutants 
and for determining absorbing species in aqueous solutions.

 

Infrared Spectroscopy - Detectors
The detectors can be classified into three categories, thermal detectors, pyroelectric detectors and photo 
conducting detectors.

Thermal detectors
Thermal detectors can be used over a wide range of wavelengths and they operate at room temperature. 
Their main disadvantages are slow response time and lower sensivity relative to other types of detectors.

Thermocouple
A thermocouple consists of a pair of junctions of different metals; for example, two pieces of bismuth 
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fused to either end of a piece of antimony. The potential difference (voltage) between the junctions 
changes according to the difference in temperature between the junctions. Several thermocouples 
connected in series are called a thermopile.

Bolometer
A bolometer functions by changing resistance when heated. It is constructed of strips of metals such as 
platinum or nickel or from a semiconductor.

Pyroelectric detectors
Pyroelectric detectors consists of a pyroelectric material which is an insulator with special thermal and 
electric properties. Triglycine sulphate is the most common material for pyroelectric infrared detectors. 
Unlike other thermal detectors the pyroelectric effect depends on the rate of change of the detector 
temperature rather than on the temperature itself. This allows the pyroelectric detector to operate with a 
much faster response time and makes these detectors the choice for Fourier transform spectrometers 
where rapid response is essential.

Photoconducting detectors
Photoconducting detectors are the most sensitive detectors. They rely on interactions between photons 
and a semiconductor. The detector consists of a thin film of a semiconductor material such as lead 
sulphide, mercury cadmium telluride or indium antimonide deposited on a non-conducting glass surface 
and sealed into an evacuated envelope to protect the semiconductor from the atmosphere. The lead 
sulphide detector is used for the near-infrared region of the spectrum. For mid- and far-infrared radiation 
the mercury cadmium telluride detector is used. It must be cooled with liquid nitrogen to minimize 
disturbances.
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