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.

1 .. An Example: CO, N /

@~ =+ -
o——o

\\uun ine Stretch
' | T R
—e —»
O— =@

| Asymmetric Stretch
N Mol ' " M __—_
I. _ .- ' ‘ . ey \ f ’
ree LR} e toary - - had
Yo imanrday ’ l l l

“L‘Ihllll'.' \‘1'\|C K ,
STTL Ao el M |



//upload.wikimedia.org/wikipedia/commons/0/0e/Symmetrical_stretching.gif
//upload.wikimedia.org/wikipedia/commons/0/0e/Symmetrical_stretching.gif
//upload.wikimedia.org/wikipedia/commons/0/0c/Asymmetrical_stretching.gif
//upload.wikimedia.org/wikipedia/commons/0/0c/Asymmetrical_stretching.gif
//upload.wikimedia.org/wikipedia/commons/6/60/Scissoring.gif
//upload.wikimedia.org/wikipedia/commons/6/60/Scissoring.gif

What is FTIR

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



Theory and Instrumentation
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e 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
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e Optical path difference is 5

e Intensity of the detector | (5)has maximaat 5 =nA,nN=0+1+2
and minimaat O = (N+1/2)A



Why Infrared Spectroscopy?

Infrared spactroscopy has been a workhorse echnigue for materials analyss in the [aboratory for over
seventy years. An infrared spectrum represents a finperpring of a sample with absorption peaks which
cormespond o the frequencies of vibrations between the bonds of the atoms making up the material.
Becanse each different material is 2 unigue combination of atoms, no two compounds produce the
exact same infrared spactrum. Therefore, infranad spectroscopy can result in a positive identification
{qualitative analysk) of every different kind of material. In addition, the size of the pealks in the
spectrum is 3 direct indication of the amvowmnt of material present. With modem software algorithms,
infrarad & an excellent tool for guantitative analysis.



Why FI-1RY?

Fourier Transform Infrared (FT-1K) specirometry was developed in onder to overomsme: the limitaiions
enoounbered with dspersive instruments. The main difffco ity was he slow scanning process. A method
for measaring all of the infrared frequencies simultaneonsty, rather than individualls, was mesded.
A solubon was developad which emploved a very simple opiical device called an interferometer.
The interierometer prodoces a wndgue bype of sipnal which has all of the infrared frequencies “encoded™
inio it The signal can be measured very quickly, usaally on the order of one second or so. Thus,
the time element per sample is reduced 1 a matter of a few seconds rather than several minwkes.

Mot interferometes amploy a beamsplitter which takes the incoming infraned beam and
divides il Imbo teo optical beams. One beam reflecks off of a flat mirmor which is Axed in place. The
oiher beam reflect off of a Aat mirror which s oma
mechanism which allows this mimor 1o move a very I
short distance (typically a few millimeters) away from |L

L]

the beamsplitter. The two beams reflect off of their
respective mirrors and ane recombined when they mest
back at the beamsplitier. Becanse the path that one beam
travels is a fived kength and the cither & constantly
changing as it mirror mewes, e sipnal which exits
the inteferometer is e result of these tao beams “Interfering” with each other. The resulting signal
is called an imterferopram which has the unique property that every data point {a function of e
meaving mirmar position) which makes up the signal has informaion about every infrared Frequency
which comes from the source.

Thiis means that as the Interferopram = measuraed, all freguencies are being measared
simultanecusly. Thus, the use of e inerferometer resulls in exmemely fast measurements.

Becanse the analyst rsquines a freqoency spectram (a3 plot of the inensity at each individoal
fregquency) in onder to make an dentifcation, the measansd inberfenogram signal cam mot be inberpretod
directly. A means of “decoding” the Individual frequencies is required. This can be accomplishad via a
well-knoen mathematical echmigue called the Fowrer transfiormation. This trransformabon is
pedfommead by the computer which then presents the user with the desipad spectral information for analysis.
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Infrared spectrum of water vapour
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IR Spectra - Examples
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IR Spectra - Examples
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IR Spectra - Examples
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IR Spectra - Examples
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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 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.



