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Structure Determination 
and Spectroscopy 

Infrared Spectroscopy 
紅外線光譜 (IR) 

不斷舞動的分子 



◎ Light is electromagnetic radiation 

It has a wave nature:  E = hν 

IRUV

wavelength (λ) in m

γ rays X rays microwaves radio waves

visible

E 



For IR:   
the energy corresponds to the change of 
molecular vibrational states 

∆E = hν

1013~1014 Hz for IR

vibrational states



◎ Units of IR 

Wavenumber 1/λ in cm-1 

1
λ c

ν
==ν

ν Eν

Useful range:  4000 – 600 cm-1 

(50 – 8 kJ/mol) 



 A typical IR spectrum 

O

C=O 



Sample 
cell 

detector 

A thin film of neat liquid sample 
between two NaCl or KBr discs 
 
or a solution 
 
or a solid sample mixed with KBr 
and pressed into a thin disc 

光源 

◎ Instrumentation 



◎ Molecular vibrations 

stretching 
bending 

symmetric
stretching

antisymmetric
stretching

in-plane
bending

(scissoring)

out-of-plane
bending

(wagging)

in-plane
bending
(rocking)

out-of-plane
bending
(twisting)



 Stretching: change of bond length 
change of bond energy 
more difficult 
appears at higher wavenumber 

 Bending: change of bond angle 
change of angle strain 
easier 
appears at lower wavenumber 



◎ Selection rule for IR 

Vibrations with dipole moment change 

IR active 

例 
C OO

IR inative 
(no dipole moment change) 

C OO IR active 



C=O stretching:  usually strong absorption 

Larger dipole moment change 

C=C stretching:  usually weak absorption 

small dipole moment change 
unless highly unsymmetrical in substitution 



◎ A model 

Hooke’s law 



OH

O-H  stretching     3200 ~ 3650 cm−1 (broad) 
N-H  stretching     3100 ~ 3550 cm−1 (broad) 
C-H  stretching     2700 ~ 3300 cm−1 (broad) 

O-H is a stronger bond   higher wavenumber 
(free OH at ~3650 as a small sharp peak) 

C-H stretch 

O-H  
stretch 

C-O stretch 



C=O stretch    1630 – 1820 
 
C-O stretch     1000 – 1300 

stronger 
bond 

C=C stretch     1600 – 1680 
 
C≡C stretch     2100 – 2260 
  

weak 
absorption 
but very unique 
(usually flat 
between 2600 – 
1600 cm−1)  

C-H 
2700 – 3300 

C=C 
1600 – 1680 

Stronger bond but small wavenumber? 

The effect of mass 



◎ Problems 

Peaks overlap 

Overtones 
Combination bands 
Difference bands 

Usually weak but 
complicate the 
spectrum 

Only useful for functional group identification 

However, 1000 – 400 cm−1:  fingerprint region 



◎ Alkanes, Alkenes and Alkynes 

C-H stretch 

sp3     < 3000 cm−1            strong but not useful 

sp2     > 3000 cm−1 

sp      ~ 3300 cm−1 

C≡C stretch  2200 cm−1 
very characteristic 

C=C stretch        ~ 1650 cm−1   usually weak 

C-H bending      < 1500 cm−1  complicate 
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