
Infrared (IR) Spectroscopy/Spectrometry

FTIR:  Fourier Transform Infrared Spectroscopy/Spectrometry
Allows all IR wavelengths to fall on the sample simultaneously .

An interferometer causes + and – interference to occur at sequential 
wavelengths as a moving mirror changes the path length of the light beam.
The detector’s initial direct output is a seemingly “jumbled” set of electronic 
signals, but after applying a Fourier transform on the output a “normal” 
spectrum results.

Ideal Case:
Harmonic Oscillators/Oscillation
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Hooke’s Law

Hooke’s Law for a vibrating spring:  F = –kx
F = restoring force
x  =  displacement
k  =  spring (or force) constant

For an oscillator, vibrating with frequency ν:  Etotal  hν

Etotal = K.E. + P.E.

Wave-number, typically in cm–1 , “reciprocal centimeters”



Harmonic Oscillator 

Hooke’s law:  F  =  – kx, 

Newton’s 2nd Law of Motion:  F  =  ma =  md2x/dt2

– kx =  F  =  md2x/dt2

mx’’  +  kx =  0, O.D.E. = Ordinary Differential Equation

Solution: x(t)  =  Acos(2πt);

 = (2π)–1 (k/)½

  reduced mass   m1m2/(m1 + m2)

Newtonian Mechanics: 

F  =  – dV/dx,  V = P.E.
V  =  ½ kx2,  k = d2V/dx2

Quantum Mechanics (Schrödinger Wave Equation): 

Ev = (v + ½)h,  v  vibrational quantum number = 0, 1, 2, …
Note:  ZPE (Zero-Point Energy) = ½ h

Selection Rules: Allowed Transitions:  v = ±1
Intensity (I) of an absorption band   ddipole/dx



For diatomic molecule:
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Bending motions are 
easier than stretching 
motions:
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Resonance Effects:

Ketone conjugated with a double bond:Normal ketone:
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CO2

C OO
Symmetric stretch:  v1 = 1340 cm–1

In-plane bending:  v2a = 667 cm–1

–– + Out-of-plane bending:  v2b = 667 cm–1

Asymmetric stretch:  v3 = 2349 cm–1

Normal (or Fundamental) Modes of Vibration

Recall for a Linear Molecule:  3N – 5 



H2O

Symmetric “stretch”:  v1 = 3657 cm–1

Asymmetric “stretch”:  v3 = 3756 cm–1

“Bending”:  v2 = 1595 cm–1

O

HH

Recall for a Non-Linear Molecule:
3N – 6 Modes of Vibration



http://www.wiley.com/college/silverstein/0471393622/images/text_art/ch02/pages/F02_02.html


Selection Rules (Symmetry Restrictions) in IR Spectroscopy:

Only certain fundamental modes of vibration will be “IR-active”, that is, will 
absorb IR radiation and thus will appear as a band in the IR vibrational
spectrum:

Only those modes whose dipole moment changes during a vibrational mode 
will be IR active.

Go back and check out CO2 and H2O.  What about homonuclear and 
heteronuclear diatomic molecules?

Animation of Modes of Vibration:  
http://www.chem.purdue.edu/gchelp/vibs/index.html

Requires Chime software plug-in:  zvikoren and 3cgCTDJxP

http://www.chem.purdue.edu/gchelp/vibs/index.html


http://teaching.shu.ac.uk/hwb/chemistry/tutorials/molspec/irspec1.htm

Types of Vibrations

http://teaching.shu.ac.uk/hwb/chemistry/tutorials/molspec/irspec1.htm
http://teaching.shu.ac.uk/hwb/chemistry/tutorials/molspec/irspec1.htm
http://teaching.shu.ac.uk/hwb/chemistry/tutorials/molspec/irspec1.htm
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In addition to the vibrations mentioned above, interaction between 
vibrations can occur (coupling) if the vibrating bonds are joined to a single, 
central atom. 

Vibrational coupling is influenced by a number of factors:

 Strong coupling of stretching vibrations occurs when there is a common 
atom between the two vibrating bonds.
 Coupling of bending vibrations occurs when there is a common bond 
between vibrating groups.
 Coupling between a stretching vibration and a bending vibration occurs 
if the stretching bond is one side of an angle varied by bending vibration.
 Coupling is greatest when the coupled groups have approximately equal 
energies 

 No coupling is seen between groups separated by two or more bonds 

Vibrational Coupling 



IR Bands of Water Vapor

InterpretationIntensityv / cm–1

v2 FundamentalVery strong1595.0

2v2 OvertoneMedium3151.4

v1 FundamentalStrong3651.7

v3 FundamentalVery strong3755.8

v2 + v3, CombinationMedium5332.0

2v2 + v3, CombinationWeak6874

Overtone & 
Combination 

Bands:
Water vapor 

as an example
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