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The infrared region of the spectrum encompasses radiation
with wavenumbers ranging from about 12,800- 10 cm-1 or
wavelengths from 0.78 to 1000 m. The infrared spectrum
is divided into near-, mid-, and far-infrared radiation.
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THEORY OF INFRARED 
ABSORPTION SPECTROMETRY

The ordinate is linear in transmittance. The
abscissa is linear in wavenumbers with
units of reciprocal centimeters. Modern
instruments utilize a microcomputer
capable of producing a variety of other
output formats, such as transmittance
versus wavelength and absorbance versus
wavenumber or wavelength.
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Molecular Vibration, Rotation and Translation motion
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Dipole Changes During Vibrations
Infrared radiation is not energetic enough to
bring about electronic transitions.
Absorption of infrared radiation is thus
confined largely to molecular species that
have small energy differences between
various vibrational and rotational states.
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Dipole Changes During Vibrations
Infrared radiation is not energetic enough to
bring about electronic transitions.
Absorption of infrared radiation is thus
confined largely to molecular species that
have small energy differences between
various vibrational and rotational states.

..electronegativity-I ig

·1I

# < electronegativity *

I < electronegativity l X



Dipole Changes During Vibrations
Infrared radiation is not energetic enough to
bring about electronic transitions.
Absorption of infrared radiation is thus
confined largely to molecular species that
have small energy differences between
various vibrational and rotational states.
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Dipole Changes During Vibrations
Infrared radiation is not energetic enough to
bring about electronic transitions.
Absorption of infrared radiation is thus
confined largely to molecular species that
have small energy differences between
various vibrational and rotational states.



In order for IR absorbance to occur two conditions must be met: 

1. A molecule must undergo a net change in dipole moment as a 
consequence of its vibrational or rotational motion.
The dipole moments is determined by the magnitude of the charge 
difference and the distance between the two centers of charge. 
No net change in dipole moment occurs during the vibration or rotation of 
homonuclear species such as O2, N2, or Cl2; consequently, such 
compounds cannot absorb in the infrared.

2. If the frequency of the radiation matches the natural frequency of the 
vibration (or rotation), the IR photon is absorbed and the amplitude of the 
vibration increases.

Dipole moment ＝μ＝qr
1 debye＝3.336×10－30 Cm
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E = h
There are three types of molecular transitions that occur in IR 

a) Rotational transitions 
• When an asymmetric molecule rotates about its center of mass, 

the dipole moment seems to fluctuate.

• E for these transitions correspond to   < 100 cm-1 

• Quite low energy, show up as sharp lines that subdivide 
vibrational peaks in gas phase spectra.

b) Vibrational-rotational transitions 
• complex transitions that arise from changes in the molecular 

dipole moment due  to the combination of a bond vibration and 
molecular rotation.

c) Vibrational transitions 
• The most important transitions observed in qualitative mid-IR 

spectroscopy. 
•  = 13,000 – 675 cm-1 (0.78 – 15 m) 
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• Vibrational Transitions: Vibrational energy
levels are quantized, and for most molecules the
energy differences between quantum states
correspond to the mid-infrared region.

• Types of Molecular Vibrations: Vibrations fall
into the basic categories of stretching and
bending. A stretching vibration involves a
continuous change in the interatomic distance
along the axis of the bond between two atoms.
Bending vibrations are characterized by a change
in the angle between two bonds and are of four
types: scissoring, rocking, wagging, and
twisting.
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Symmetric stretch

     s

Antisymmetric stretch

as

Stretch: change in bond length

in-plane bend out-of-plane bend

Scissoring


Rocking


wagging             twisting
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Bend: change in bond angle
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https://youtu.be/1PQqDfJKXvA?si=idU6vuhzvjLVuBfy

https://youtu.be/ZWwLCnuYRys?si=piUZblN1-ujYuaDp
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Interpretation of an Infrared Spectra:
organic molecules contain many atoms.  As a result, there are 
many stretching and bending modes- IR spectra have many 
absorption bands
Four distinct regions of an IR spectra

        [--------------Functional groups area-----------------------] [-Compounds area-]
                         Stretching vibrations                                   Bending vibration
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Fingerprint region (600 - 1500 cm-1)- low energy single bond
 stretching and bending modes. The fingerprint region is 
 unique for any given organic compound.  However, there are
 few diagnostic absorptions.
Double-bond regions (1500 - 2000 cm-1)
 C=C      1620 - 1680 cm-1 
 C=O      1680 - 1790 cm-1  
Triple-bond region:  (2000 - 2500 cm-1)
 CC   2100 - 2200 cm-1   (weak, often not observed)
 CN      2240 - 2280 cm-1

X-H Single-bond region  (2500 - 4000 cm-1)
 O-H   3200 - 3600 cm-1   (broad)
 CO-OH  2500-3600 cm-1   (very broad)
 N-H   3350 - 3500 cm-1

 C-H   2800 - 3300 cm-1

  sp3  -C-H 2850 - 2950 cm-1

  sp2 =C-H 3000 - 3100 cm-1

  sp   C-H 3310 - 3320 cm-1
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