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 ν = 1
2πc

k (m + M)
m•M

• for excitation to occur, there must be an exact match 
between the frequency of the applied radiation and the 
frequency of the vibration

• in different compounds, the same type of functional group
absorb in the same region of the IR

ν units:  cm–1

ν =  ν/c = 1/λ

frequency
wavelengthwavenumbers



Factors that determine ν

1. Mass: larger mass = lower frequency (longer wavelength)



Factors that determine ν

2. Bond strength (k)

Stronger bonds (tighter springs) vibrate with higher frequency

3. Type of vibration

Stretching (along the line of the chemical bond)
Vs
Bending (out of line with the chemical bond)

For the same bond, stretch is higher energy (i.e. higher frequency)



Energy levels are quantized



Energy potential of diatomic molecules



Energy levels are quantized



Beyond diatomic molecules



Coupled interactions occur when 
	
 1) vibrations of bonds related by symmetry
	
 2) common atoms between groups
	
 3) independent groups absorb at same frequency



Coupled interactions: Antisymmetric Stretch



Coupled interactions: Symmetric Stretch



Coupled interactions: Antisymmetric bend (scissors)



Coupled interactions: Symmetric bend (rocking)



Coupled interactions occur when 
	
 1) vibrations of bonds related by symmetry
	
 2) common atoms between groups
	
 3) independent groups absorb at same frequency

Commonly observed for CH2 groups
Stretches

symmetrical unsymmetrical

Bends

rock scissor

in plane

(symmetrical) (unsymmetrical)



All together



To see molecules in IR, transition must result in a dipole change

IR active
IR stretch

essentially absent
IR stretch

essentially absent
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Alkynes
•                     stretch: weak absorption at 2260-2100 cm–1

    

    - not observed for symmetrical alkynes 
   - very weak for ‘pseudo’ symmetric alkynes
   - terminal alkynes (R-C     C-H) absorptions are stronger than
     internal (R-C     C-R) absorptions 	

	
  	
 	


• C    C–H stretch:
  - 3333–3267 cm–1

   - strong, narrow (as compared to OH or NH)

C C

• C    C–H bend:
  - 700-610 cm–1: broad, strong absorption
   - 1400-1220 cm–1, overtone of above
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Unconjugated Alkenes

• linear alkenes:
  - C=C stretch: moderate to weak absorption at 1667-1640 cm–1

	
  	
 	


• C=C–H:
  - stretch: ≥ 3000 cm–1

H H

H

H H H

H

HH

H

1640 cm–1, moderate 1650 cm–1, moderate
1670 cm–1

weak weak
moderate



Unconjugated Alkenes

1-decene

C=C stretch
1642 cm–1

CH2 rock 
720 cm–1

C-H stretch
3049 cm–1

Out of plane C=C–H bends
991, 910 cm–1

 Overtone of 910 cm-1

Absorption
(1820 cm–1)



• cyclic alkenes:
  - C=C stretch: sensitive to ring strain

CH3

1641 cm–1 1640 cm–11566 cm–11650 cm–1
1650 cm–1 1781 cm–1

• conjugated alkenes:
   -the alkene bond stretching vibrations in alkenes w/o a center of
    symmetry give rise to two C=C stretches
 	
 -for symmetrical molecules, e.g. butadiene, only the asymmetric
	
  stretch is observed

1650 cm–1 (as)
1600 cm–1 (s)

1600 cm–1 (as)

Me

• cumulated alkenes:
  - C=C=C stretch (asymmetric): 2000–1900 cm–1



Conjugated Double Bonds

C-H stretch
3090 cm–1

Symmetrical
C=C stretch
1640 cm–1

(weak) Asymmetrical
C=C stretch
1598 cm–1 (strong)

Out of plane 
C=C–H bends

990, 892 cm–1
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case 
study 2



case 
study 2
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1073 cm-1

C-O stretch

OH

Alcohols and Phenols

3300 cm-1

OH stretch

C–O stretching Vibrations
• Alcohols (1260-1000 cm–1)	
 	
         

• Phenols (1800-1260 cm–1) 

     primary alcohol: 1050-1085 cm-1

     secondary alcohol: 1085-1125-1

   tertiary alcohol: 1125-1200 cm-1

• O-H stretch is typically very broad and located at 3550-3200 cm–1    
   - broadening is due to hydrogen bonding  
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case 
study 2
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4000 3000 2000 1500 1000 500HOW DO WE DISTINGUISH THESE?



Unconjugated Alkenes

• linear alkenes:
  - C=C stretch: moderate to weak absorption at 1667-1640 cm–1

	
  	
 	


• C=C–H:
  - stretch: ≥ 3000 cm–1

H H

H

H H H
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1640 cm–1, moderate 1650 cm–1, moderate
1670 cm–1
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Unconjugated Alkenes

1-decene

C=C stretch
1642 cm–1

CH2 rock 
720 cm–1

C-H stretch
3049 cm–1

Out of plane C=C–H bends
991, 910 cm–1

 Overtone of 910 cm-1

Absorption
(1820 cm–1)



• cyclic alkenes:
  - C=C stretch: sensitive to ring strain

CH3

1641 cm–1 1640 cm–11566 cm–11650 cm–1
1650 cm–1 1781 cm–1

• conjugated alkenes:
   -the alkene bond stretching vibrations in alkenes w/o a center of
    symmetry give rise to two C=C stretches
 	
 -for symmetrical molecules, e.g. butadiene, only the asymmetric
	
  stretch is observed

1650 cm–1 (as)
1600 cm–1 (s)

1600 cm–1 (as)

Me

• cumulated alkenes:
  - C=C=C stretch (asymmetric): 2000–1900 cm–1



Conjugated Double Bonds

C-H stretch
3090 cm–1

Symmetrical
C=C stretch
1640 cm–1

(weak) Asymmetrical
C=C stretch
1598 cm–1 (strong)

Out of plane 
C=C–H bends

990, 892 cm–1
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Carbonyls
C=O stretch– easily recognized, intense band

• Ketones, aldehydes, acids, esters, lactones, acid halides, 
anhydrides, amides and lactams all show C=O stretching 
in the region 1870-1540 cm–1.   

• Position is determined by (1) physical state (2) electronic and
mass of neighboring groups (3) conjugation (4) hydrogen bonding
(5) ring strain



Ketones
• aliphatic: ‘normal’ position of a neat aliphatic ketone is ~1715 cm–1   

Aldehydes

• Aliphatic aldehydes: C=O stretch at 1740-1720 cm–1

 

C=O stretch

C–H stretch
2830–2695 cm–1  Often, two bands are observed (the other is 
a result of an overtone of the C–H bend of the aldehyde)

RH

O
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1716 cm–1

H

O

2716
CH stretch

1729
C=O stretch
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Ethers
• C–O–C stretching bands are most characteristic bands
   - strong because of strong dipole moment

aliphatic ethers: strong band due to asymmetrical stretching,
              	
   1150-1085 cm–1 (usually 1125 cm–1)
	
 	
   weak band due to symmetrical stretching (lower freq)

Alkyl aryl ethers: asymmetrical stretch at 1275-1200 cm-1

	
  	
         symmetrical stretch at 1075-1020 cm–1

Vinyl alkyl ethers: asymmetrical stretch at 1225-1200 cm-1

	
           	
           symmetrical stretch at 1075-1020 cm–1
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Ketones

• conjugation: shifts position to lower frequency  
  alkene or phenyl group causes absorption in the 1685-1666 cm–1

   region.  For α,β-unsaturated carbonyls, 2 absorptions may be
  observed
 

CH3

O

1685 cm–1 1685 cm-1

• aliphatic: ‘normal’ position of a neat aliphatic ketone is ~1715 cm–1   



Aldehydes

C–H stretch
2830–2695 cm–1  Often, two bands are observed (the other is 
a result of an overtone of the C–H bend of the aldehyde) RH

O

• Aliphatic aldehydes: C=O stretch at 1740-1720 cm–1

• Electron withdrawing groups shift to higher frequency
• Conjugative groups shift to lower frequency (1710-1685 cm–1)

H3C

O

H Cl3C

O

H

O

H

1703 cm–1

O

H

1678 cm–1
1730 cm–1 1768 cm–1

O

H

O H

1666 cm–1

C=O stretch
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Cyclic Ketones

The bond angle influences the absorption frequency of the C=O

C C

O

θ

In strained rings, interaction with the adjacent
C-C bonds increases the frequency of C=O stretching

O O O

1715 cm–1 1751 cm–1 1775 cm–1
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