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Infrared spectroscopy and Fourier Transform Infrared Spectroscopy 

FT-IR 

What is the IR  

The infrared is a portion of the electromagnetic spectrum  and it is usually divided into 

three regions; the near-IR , mid-IR  and far-IR, named for their relation to the visible 

spectrum. The higher-energy near-IR, approximately 14000–4000 cm−1 (0.8–2.5 μm 

wavelength) can excite overtone or harmonic vibrations. The mid-infrared, approximately 

4000–400 cm−1 (2.5–25 μm) may be used to study the fundamental vibrations and 

associated rotational- vibrational structure. The far-infrared, approximately 400–10 cm−1 

(25–1000 μm), lying adjacent to the microwave region, has low energy and may be used 

for rotational spectroscopy. The names and classifications of these subregions are 

conventions, and are only loosely based on the relative molecular or electromagnetic 

properties. 

IR Spectroscopy 

Infrared spectroscopy has been a workhorse technique for materials analysis in the 

laboratory for over seventy years. An infrared spectrum represents a fingerprint of a 

sample with absorption peaks which correspond to the frequencies of vibrations between 

the bonds of the atoms making up the material. Because each different material is a 

unique combination of atoms, no two compounds produce the exact same infrared 

spectrum. Therefore, infrared spectroscopy can result in a positive identification 

(qualitative analysis) of every different kind of material. In addition, the size of the peaks 

in the spectrum is a direct indication of the amount of material present. With modern 

software algorithms, infrared is an excellent tool for quantitative analysis. 

These absorptions are resonant frequencies,  the frequency of the absorbed radiation 

matches the transition energy of the bond or group that vibrates. The energies are 

determined by the shape of the molecular potential energy surfaces, the masses of the 

atoms, and the associated vibronic coupling. 
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Atoms  vibrational modes 

In order for a vibrational mode in a molecule to be "IR active," it must be associated with 

changes in the dipole. A permanent dipole is not necessary, as the rule requires only a 

change in dipole moment.  

A molecule can vibrate in many ways, and each way is called a vibrational mode. For 

molecules with N atoms in them, linear molecules have 3N – 5 degrees of vibrational 

modes, whereas nonlinear molecules have 3N – 6 degrees of vibrational modes (also 

called vibrational degrees of freedom). As an example H2O, a non-linear molecule, will 

have 3 × 3 – 6 = 3 degrees of vibrational freedom, or modes. 

Simple diatomic molecules have only one bond and only one vibrational band. If the 

molecule is symmetrical, e.g. N2, the band is not observed in the IR spectrum, but only in 

the Raman spectrum. Asymmetrical diatomic molecules, e.g. CO, absorb in the IR 

spectrum. More complex molecules have many bonds, and their vibrational spectra are 

correspondingly more complex, i.e. big molecules have many peaks in their IR spectra. 

The atoms in a CH2X2 group, commonly found in organic compounds and where X can 

represent any other atom, can vibrate in nine different ways. Six of these involve only the 

CH2 portion: symmetric and antisymmetric stretching, scissoring, rocking, wagging 

and twisting. 

IR spectroscopy 

The infrared spectr  um of a sample is recorded by passing a beam of infrared light 

through the sample. When the frequency of the IR is the same as the vibrational 

frequency of a bond, absorption occurs. Examination of the transmitted light reveals how 

much energy was absorbed at each frequency (or wavelength). This can be achieved by 

scanning the wavelength range using a monochromater. Alternatively, the whole 

wavelength range is measured at once using a Fourier transform instrument and then a 

transmittance or absorbance spectrum is generated using a dedicated procedure. Analysis 
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of the position, shape and intensity of peaks in this spectrum reveals details about the 

molecular structure of the sample. 

This technique works almost exclusively on samples with covalent bonds. Simple 

spectra are obtained from samples with few IR active bonds and high levels of purity. 

More complex molecular structures lead to more absorption bands and more complex 

spectra. The technique has been used for the characterization of very complex mixtures. 

Spectra issues with infrared fluorescence are rare 

FTIR  

Fourier Transform Infrared (FT-IR) spectrometry was developed in order to overcome 

the limitations encountered with dispersive instruments. The main difficulty was the slow 

scanning process. A method for measuring all of the infrared frequencies 

simultaneously, rather than individually, was needed.A solution was developed which 

employed a very simple optical device called an interferometer. The interferometer 

produces a unique type of signal which has all of the infrared frequencies “encoded” 

into it. The signal can be measured very quickly, usually on the order of one second or 

so. Thus, the time element per sample is reduced to a matter of a few seconds rather than 

several minutes. Most interferometers employ a beamsplitter which takes the incoming 

infrared beam and divides it into two optical beams. One beam reflects off of a flat mirror 

which is fixed in place. The other beam reflects off of a flat mirror which is on a 

mechanism which allows this mirror to move a very short distance (typically a few 

millimeters) away from the beamsplitter. The two beams reflect off of their respective 

mirrors and are recombined when they meet back at the beamsplitter. Because the path 

that one beam travels is a fixed length and the other is constantly changing as its mirror 

moves, the signal which exits the interferometer is the result of these two beams 

“interfering” with each other. The resulting signal is called an interferogram which has 

the unique property that every data point (a function of the moving mirror position) 

which makes up the signal has information about every infrared frequency which comes 

from the source. This means that as the interferogram is measured, all frequencies are 

being measured simultaneously. Thus, the use of the interferometer results in extremely 

fast measurements. Because the analyst requires a frequency spectrum (a plot of the 
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intensity at each individual frequency) in order to make an identification, the measured 

interferogram signal can not be interpreted directly. A means of “decoding” the 

individual frequencies is required. This can be accomplished via a well-known 

mathematical technique called the Fourier transformation. This transformation is 

performed by the computer which then presents the user with the desired spectral 

information for analysis. 
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The normal instrumental process is as follows: 

1. The Source: Infrared energy is emitted from a glowing black-body source. This beam 

passes through an aperture which controls the amount of energy presented to the sample 

(and, ultimately, to the detector). 

2. The Interferometer: The beam enters the interferometer where the “spectral 

encoding” takes place. The   resulting interferogram signal then exits the interferometer. 

3. The Sample: The beam enters the sample compartment where it is transmitted through 

or reflected off of the surface of the sample, depending on the type of analysis being 

accomplished. This is where specific frequencies of energy, which are uniquely 

characteristic of the sample, are absorbed. 

4. The Detector: The beam finally passes to the detector for final measurement. The 

detectors used are specially designed to measure the special interferogram signal. 
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5. The Computer: The measured signal is digitized and sent to the computer where the 

Fourier transformation takes place. The final infrared spectrum is then presented to the 

user for interpretation and any further manipulation. 

Sample preparation 

Gaseous samples require a sample cell with a long pathlength to compensate for the 

diluteness. The pathlength of the sample cell depends on the concentration of the 

compound of interest. A simple glass tube with length of 5 to 10 cm equipped with 

infrared windows at the both ends of the tube can be used for concentrations down to 

several hundred ppm. Sample gas concentrations well below ppm can be measured with a 

Whites cell in which the infrared light is guided with mirrors to travel through the gas. 

White's cells are available with optical pathlength starting from 0.5 m up to hundred 

meters. 

Liquid samples can be sandwiched between two plates of a salt (commonly sodium 

chloride, or common salt, although a number of other salts such as potassium bromide or 

calcium fluoride are also used). The plates are transparent to the infrared light and do not 

introduce any lines onto the spectra. Solid samples can be prepared in a variety of ways. 

One common method is to crush the sample with an oily mulling agent (usually Nujol) in 

a  mortar. A thin film of the mull is smeared onto salt plates and measured. The second 

method is to grind a quantity of the sample with a specially purified salt (usually 

potassium bromide) finely (to remove scattering effects from large crystals). This powder 

mixture is then pressed in a mechanical press to form a translucent pellet through which 

the beam of the spectrometer can pass. A third technique is the "cast film" technique, 

which is used mainly for polymeric materials. The sample is first dissolved in a suitable, 

non hygroscopic solvent. A drop of this solution is deposited on surface of KBr or NaCl 

cell. The solution is then evaporated to dryness and the film formed on the cell is 

analysed directly. Care is important to ensure that the film is not too thick otherwise light 

cannot pass through. This technique is suitable for qualitative analysis. The final method 

is to use microtomy to cut a thin (20–100 µm) film from a solid sample. This is one of the 
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most important ways of analysing failed plastic products for example because the 

integrity of the solid is preserved. 

In photoacoustic spectroscopy the need for sample treatment is minimal. The sample, 

liquid or solid, is placed into the sample cup which is inserted into the photoacoustic cell 

which is then sealed for the measurement. The sample may be one solid piece, powder or 

basically in any form for the measurement. For example, a piece of rock can be inserted 

into the sample cup and the spectrum measured from it. 

It is important to note that spectra obtained from different sample preparation methods 

will look slightly different from each other due to differences in the samples' physical 

states. 

 


