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Infrared (IR) spectroscopy 

 Infrared (IR) spectroscopy is one of the most common spectroscopic 

techniques used by organic and inorganic chemists. Simply, it is the 

absorption measurement of different IR frequencies by a sample 

positioned in the path of an IR beam. The main goal of IR 

spectroscopic analysis is to determine the chemical functional groups in 

the sample. Different functional groups absorb characteristic 

frequencies of IR radiation. Using various sampling accessories, IR 

spectrometers can accept a wide range of sample types such as gases, 

liquids, and solids. Thus, IR spectroscopy is an important and popular 

tool for structural elucidation and compound identification. In simple 

terms, IR spectra are obtained by detecting changes in transmittance (or 

absorption) intensity as a function of frequency. Most commercial 

instruments separate and measure IR radiation using dispersive 

spectrometers or Fourier transform spectrometers. 
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INFRARED SPECTROSCOPY 

Infrared radiation stimulates molecular 
vibrations. 
Infrared spectra are traditionally displayed 
as %T (percent transmittance) versus wave 
number (4000-400 cm-1). 
Useful in identifying presence or absence 
of functional groups. 
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Any change in shape of the molecule- stretching 
of bonds, bending of bonds, or internal rotation 
around single bonds 
 
What vibrations change the dipole moment of a 
molecule? 
Asymmetrical stretching/bending and internal 
rotation change the dipole moment of a 
molecule. Asymmetrical stretching/bending are 
IR active.  
 
Symmetrical stretching/bending does not. Not IR 
active 
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Qualitative; 

IR absorption of the functional groups may vary 
over a wide range. However, it has been found that 
many functional groups give characteristic. Since 
the IR spectrum of every molecule is unique, one of 
the most positive identification methods of an 
organic compound is to find a reference IR 
spectrum that matches that of the unknown 
compound. In many cases where exact match to the 
spectrum of an unknown material cannot be found, 
these programs usually list the reference 
compounds that match the unknown spectrum 
most closely 
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Quantitative; 
 

IR spectroscopy was generally considered to be 
able to provide only qualitative and semi 
quantitative analyses of common samples, 
especially when the data were acquired using the 
conventional dispersive instruments. However, 
the development of reliable FTIR instrumentation 
and strong computerized data-processing 
capabilities have greatly improved the 
performance of quantitative IR work.  
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The basis for quantitative analysis of absorption 
spectrometry is the Bouguer–Beer–Lambert law, 
commonly called Beer’s law. For a single 
compound in a homogeneous medium, where A is 
the measured sample absorbance at the given 
frequency, a is the molecular absorptivity at the 
frequency, b is the path length of source beam in 
the sample, and c is the concentration of the 
sample. 
This law basically states that the intensities of 
absorption bands are linearly proportional to the 
concentration of each component in a 
homogeneous mixture or solution. 
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 The Beer’s law deviations result in a nonlinear 
relationship for plots of absorbance (A) against 
concentration (c). It is therefore a good practice 
to obtain calibration curves that are determined 
empirically from known standards. 
Instead of the transmittance scale, absorbance is 
generally used in quantitative analysis. 
Absorbance (A) is defined as the negative 
logarithm of the transmittance (T). According to 
Beer’s law, a linear relationship 
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The linearity of Beer’s law plots usually holds 
better when the absorbance is limited to less than 
0.7 absorbance units, although in some cases 
good linearity has been achieved over more than 
2 absorbance units. A number of quantification 
parameters, which include peak height, peak area, 
and derivatives, can be used in quantitative 
analysis. The integration limits for peak area 
determinations should be carefully chosen to 
ensure maximum accuracy. 
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INTERPRETATION OF INFRARED SPECTRA 

An element of judgement is required in interpreting IR spectra but 
you should find that it becomes relatively straightforward with 
practice. 
It is often possible to assign the peaks in the 1600-3600 cm-1 region 
by consulting tables or databases of IR spectra.  When making an 
assignment, give both the type of bond and the type of vibration, 
e.g. O-H stretch or C-H bending vibration.   
The most useful regions are as follows: 
1680-1750 cm-1:C=O stretches feature very strongly in IR spectra 
and the type of carbonyl group can be determined from the  
    exact position of the peak. 
2700-3100 cm-1: different types of C-H stretching vibrations.  
3200-3700 cm-1: various types of O-H and N-H stretching 
vibrations. 
Too many bonds absorb in the region of 600-1600 cm-1 to allow 
confident assignment of individual bands. However, this region is 
useful as a fingerprint of a molecule, i.e. if the spectrum is almost 
identical to an authentic reference spectrum then the structure 
can be assigned with some confidence. 
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Infrared Experimental 
To obtain an IR spectrum, the sample must be 
placed in a “container” or cell that is transparent 
in the IR region of the spectrum.   
Sodium chloride or salt plates are a common 
means of placing the sample in the light beam of 
the instrument. To run an IR spectrum of a liquid 
sample, a drop or two of the liquid sample is 
applied to a salt plate. 
A second salt plate is placed on top of the first 
one such that the liquid forms a thin film 
“sandwiched” between the two plates. 
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