Infrared (IR) spectroscopy:
fundamentals

Prof. Ivo Lelto



Infrared (IR) spectral

Radiation: Near-IR (NIR) Mid-IR (IR)
Wavenumber: 14000 - 4000 cm1 4000 - 400 cm™t
Wavelength: 0.7 -2.5um 2.5-25um
» Analysis of organic « Analysis of organic,
compounds iInorganic and

. Liquids, solids polymeric compounds

- Mostly quantitative Liquids, solids, gases

analysis of well- * Qualitative and
known objects guantitative analysis

» Often very charcteristic

 Semi-non-destructive

range

Far-IR
400 -10cm™?
25 -1000 um

 Analysis of inorganic
compounds

* Mostly solids

« Qualitative (and semi-
guantitative analysis)

* Semi-non-destructive



Spectra of rabbitskin glue
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Transmittance and absorbance

« At every wavenumber the signal intensity can be
expressed as transmittance (%T) or absorbance (A):

] |, — Intensity of radiation entering a sample
T =—-100% | — Intensity transmitted (or absorbed) by
Io the sample

Lambert-Beer’'s Law

|
A:log—o :> A =¢&lc

€ = absorptivity, | = path length, ¢ = concentration



Vibrations

« Stretching vibrations — bond length changes

Symmetric Asymmetric

NP oar

 Bending (deformation) vibrations — bond angle changes

Scissoring Twisting Rocking Wagging
(in-plane) (out-of-plane) (in-plane) (out-of-plane)

Wpapas e

https://en.wikipedia.org/wiki/Infrared_spectroscopy (assumed Tiago Becerra Paolini), licence CC-by -SA 3.0



IR spectrum of linseed oil

100

5|

cis C-H stretch in
-CH=CH- ' /
<
Aliphatic C-H _
bends 8
S
COstretchin |, cis C-H out-of-
ester groups plane bend in
—CH=CH-
3
a5 Aliphatic C-H C-O and C-OC
] stretches stretches in
1 ester grou
40 S group
| ~
3000 2000 1000
Wavenumbers (cm™1)




IR spectrum of chalk (CaCO,)
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IR spectra of complex mixtures

* In the IR spectrum of the mixtures often bands overlap
 For the interpretation IR spectra of the pure compounds are needed
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Summary

It is molecular and vibrational spectroscopy

— Bands in the IR spectrum belong to the vibrations of specific
fragments in molecules

Useful for the identification of various organic,
iInorganic and polymeric materials

— Gives first general info about composition of the material
Enables qualitative and gquantitative analysis

For the interpretation of IR spectra of complex
materials reference IR spectra of pure compounds are
needed.



