
Fourier Transform IR Spectroscopy



• Absorption peaks in an infrared absorption spectrum arise 
from molecular vibrations

• Absorbed energy causes molecular motions which create a 
net change in the dipole moment.
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• Fourier-transform infrared spectroscopy is a vibrational 
spectroscopic technique, meaning it takes advantage of 
asymmetric molecular stretching, vibration, and rotation of 
chemical bonds as they are exposed to designated 
wavelengths of light.

• Fourier transform is to transform the signal from the time 
domain to its representation in the frequency domain

What is FTIR



Theory and Instrumentation

• Light enters the spectrometer and is split by the beam splitter.  The figure 
above shows what is referred to as the Michelson interferometer



Theory and Instrumentation(contd.)

• The light originates from the He-Ne laser

• Half of the light is reflected 90 degrees and hits a fixed 
mirror, while the other half passes through the beam 
splitter and hits the moving mirror

• The split beams are recombined, but having traveled 
different distances, they exhibit an interference pattern 
with each other

• As they pass through the sample, the detector collects the 
interfering signals and returns a plot of response v. mirror 
displacement known as an interferogram



Mathematics

• Optical path difference is

• Intensity of the detector          has maxima at                                             

and minima at        
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IR Spectra - Examples

SDBSWeb : http://riodb01.ibase.aist.go.jp/sdbs/ (National Institute of Advanced 
Industrial Science and Technology, 10/15/09)

sp3 C-H str 

no O-H 
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no N-H 
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no sp or 
sp2 C-H 
str

no C=O str

no C=C str

C-H bend

This is an alkane.



IR Spectra - Examples

SDBSWeb : http://riodb01.ibase.aist.go.jp/sdbs/ (National Institute of Advanced 
Industrial Science and Technology, 10/15/09)

sp3 C-H str 

sp2 C-H str 

C=C str 

This is an alkene.



IR Spectra - Examples

SDBSWeb : http://riodb01.ibase.aist.go.jp/sdbs/ (National Institute of Advanced 
Industrial Science and Technology, 10/15/09)

This is a terminal alkyne.

C≡C str at 
2120 cm-1

sp3 C-H str 
sp C-H str 



IR Spectra - Examples

SDBSWeb : http://riodb01.ibase.aist.go.jp/sdbs/ (National Institute of Advanced 
Industrial Science and Technology, 10/16/09)

sp3 C-H str 

alc. 
O-H 
str 

C-O str 

This is an alcohol.



Advantages and Disadvantages

• FT – IR can take wavelength readings across the whole IR region 
simultaneously and smoothly, making this a very rapid technique. 

• The technique is non-invasive and non-destructive.  Its resolution 
of .125 cm-1 is not spectacular in comparison to other vibrational 
techniques and it will not give the same detailed structural 
information that NMR, MS, or X-ray crystallography.

• IR spectroscopy is notoriously sensitive to the absorption of water, 
and it has the tendency to overwhelm all of the other peaks.  If 
there is significant moisture in the sample the penetration distance 
of the light decreases.  It may be advantageous to go with Raman in 
place of IR in the case of excess moisture. 

• Spectra in the frequency domain can never be eyeballed 
conclusively.   They are always subject to some sort of manipulation, 
leading some to believe that the data can say whatever the 
experimenter wants it to say depending on how it is manipulated.


