
Chapter 2

 Infrared (IR) Spectroscopy
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 Dipole moment of some compounds

Compound Dipole 
Moment Compound Dipole 

Moment

NaCl 9.0 H2O 1.85

CH3NO2 3.45 CH3OH 1.70

CH3Cl 1.87 CH3COOH 1.52

CH3Br 1.79 NH3 1.47

CH3I 1.64 CH4 0

CHCl3 1.02 CCl4 0
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12. Summary of Important Families
of Organic Compounds
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15. Infrared Spectroscopy
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 The position of an absorption band 
(peak) in an IR spectrum is specified in 
units of wavenumbers (   )ν

ν = 1
λ

∵ ∆E = hν
∴ E ∝ ν

∵ ν =        

∴ ∆E =

c
λ

hc
λ

(λ = wavelength in cm)
(E = energy)
(ν = frequency of radiation)
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 Characteristic IR absorptions
Intensity: s = strong, m = medium, w = weak, v = variable

Group Freq. Range (cm-1) Intensity
Alkyl
C–H (stretching) 2853–2962 (m–s)
Alkenyl
C–H (stretching)
C=H (stretching)
cis-RCH=CHR
trans-RCH=CHR

3010–3095
1620–1680
675–730
960–975

(m)
(v)
(s)
(s)

Alkynyl
≡C–H (stretching)
C≡C (stretching)

~3300
2100–2260

(s)
(v)
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 Characteristic IR absorptions
Intensity: s = strong, m = medium, w = weak, v = variable

Group Freq. Range (cm-1) Intensity
Aromatic
Ar–H (stretching)
- monosubstituted

- o-disubstituted
- m-disubstituted

- p-disubstituted

~3300
690–710
730–770
735–770
680–725
750–810
800–860

(v)
(very s)
(very s)

(s)
(s)

(very s)
(very s)
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 Characteristic IR absorptions
Intensity: s = strong, m = medium, w = weak, v = variable

Group Freq. Range (cm-1) Intensity
Alcohols, Phenols & Carboxylic Acids
O–H (stretching)
- alcohols & phenols

(dilute solutions)
- alcohols & phenols

(hydrogen bonded)
- carboxylic acids

(hydrogen bonded)

3590–3650

3200–3550

2500–3000

(sharp, v)

(broad, s)

(broad, v)
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 Characteristic IR absorptions
Intensity: s = strong, m = medium, w = weak, v = variable

Group Freq. Range (cm-1) Intensity
Aldehydes, Ketones, Esters, Carboxylic Acids, Amides
C=O (stretching)
Aldehydes
Ketones
Esters
Carboxylic Acids
Amides

1630–1780
1690–1740
1680–1750
1735–1750
1710–1780
1630–1690

(s)
(s)
(s)
(s)
(s)
(s)

Amines
N–H 3300–3500 (m)
Nitriles
C≡N 2220–2260 (m)
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16. Interpreting IR Spectra

 IR spectrum of octane
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 IR spectrum of toluene
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 IR spectrum of 1-heptyne

16B. IR Spectra of Hydrocarbons
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 IR spectrum of 1-octene
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16B. IR Spectra of Some Functional 
Groups Containing

 Carbonyl Functional Groups

(carboxylic acid)

1710-1780 cm-1

O

R OH

O

R OR

O

R H
(aldehyde)

1690-1740 cm-1
(ester)

1735-1750 cm-1

O

R NR2
(amid)

1630-1690 cm-1

O

R R
(ketone)

1680-1750 cm-1
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 Alcohols and phenols
● The IR absorption of an alcohol or 

phenol O–H group is in the 3200–3550 
cm-1 range, and most often it is broad



Ch. 2 - 18

 Carboxylic Acids
● IR spectrum of propanoic acid
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 Amines
● 1o and 2o amines give absorptions of 

moderate strength in the 3300–3500 
cm-1 region

● 1o amines exhibit two peaks in this 
region due to symmetric & asymmetric

● stretching of the two N–H bonds
● 2o amines exhibit a single peak
● 3o amines show no N–H absorption 

because they have no such bond
● A basic pH is evidence for any class of 

amines
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 Amines
● IR spectrum of 4-methylaniline
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RNH2 (1° Amine)
Two peaks in
3300–3500 cm-1

region

R2NH (2° Amine)
One peak in
3300–3500 cm-1

region

symmetric
stretching

asymmetric
stretching
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 END OF CHAPTER 2 
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