
Group Frequencies 

Functional Group Analysis 



To Do’s 

•  Read Chapter 12. Skip Raman. 
•  Complete the end-of-chapter problems, 

12-6, 12-7,12-8, 12-9 and 12-10 



IR Peaks are Associated with Separate 
Functional Groups 

   Although all the bonds in a molecule vibrate, to a first 
approximation, they can be treated as if they vibrate 
independently. 

O-H

C-O

OH



IR Group Frequencies 



Hydrocarbons (overview) 

(a) C -H stretch 
R -C≡C-H 3300 cm-1, more s-character  

   & shorter bond length 
R2C=C-H  3000 ~ 3100 cm-1 
 
C-C-H(alkane)   2800 ~ 3000 cm-1 
 

(b) C-C  Too week to observe 
     C=C  medium 1620 ~ 1680 cm-1 

 C≡C  medium 2100 ~ 2600 cm-1 
 aromatics 2 sharp peaks 1500 ~ 1600 cm-1 

(c) out-of-plane bendings 
 Diagnostic to identify substitution patterns 

s-charactor 



Hexane 

http://www.quimica3d.com/EN/IR/hexane.php 

CH bendings 
CH  
stretchings 



Hexane vs Hexene 



1-Octene 



Cyclopropane 

H H

3100 ~ 3070 cm-1 



Epoxides 

O

H H

3060 ~ 3040 cm-1 



Alkene Substitution Patterns 



1-Hexene and 3-Hexene 

! 



Other Alkenes 



Methyl Pentenes 

CH
CH3

CH3

1370 & 1385 cm-1

C
CH3

CH3

1370 & 1395 (weaker) cm-1CH3



Exocyclic Alkenes 

ν (C=C) 1780 1678 1657 1651 1655

cm-1 

αring

       α (bond angle)
sp     180
sp2   120
sp3   109

α	
 p-character 

then, s-character 

stronger C=C bond 

ν	




Exocyclic Alkene Examples 

1649 

1667 

1676 



Hexane vs Hexyne 



1-Hexyne 



1-Hexyne and 2-Hexyne 



Aromatic Substitutions 

•  Mono-substituted  
   2 peaks 

     ~ 700 cm-1 
     730 ~ 770 cm-1 

•  Disubstituted 
ortho-  1 peak  735 ~ 770 cm-1 
meta-  2 peaks  

     680 ~ 725 cm-1 
     750 ~ 810 cm-1 

para-  1 peak  790 ~ 840 cm-1 
 

 



Benzene Substitution Patterns 



Toluene and p-Xylene 

CH3

CH3

CH3



Propyl Benzene and Isopropyl Benzene 



Alcohols & Phenols 

•  O-H Stretch   
– 3650 ~ 3600 cm-1, sharp (monomeric) 
– 3500 ~ 3200 cm-1, broad (hydrogen bonded) 

Usually concentration dependent 

Some exceptions 

OO
H

O
H

Always H-bonded Always monomeric 



Hexane vs Hexanol 

HO

O-H 
C-O 



Tert-Butanol, Neat and solution 

Neat 

CCl4 solution 

H-bonded 

monomeric 



Alcohols & Phenols 

•  C-O Stretch 
– Phenol    1220 cm-1 
– Tertiary alcohol   1150 cm-1 
– Secondary alcohol  1100 cm-1 
– Primary alcohol   1050 cm-1 



1-Butanol and 2-Butanol 

1073 

1122 



Tert-Butanol and Phenol 

1202 

1234 

C

CH3

H3C
CH3

OH



Ethers 

•  C-O Stretch 
– Dialkyl   1120 & 850 cm-1 
– Diaryl & vinyl  1250 & 1040 cm-1 

O Three bands 
1250 cm-1 
950 ~ 815 cm-1 
850 ~ 750 cm-1 

-O-CH3  a sharp peak ~ 2830 cm-1 



Diethyl Ether and Diphenyl Ether 

1126 

1237 



Anisole and Ethyl Phenyl Ether 

2836 



Cyclohexene and Cyclohexene Oxide 



C=O Stretching Band 

C
R Y

O

C
R Y

O

C
R Y

O

single bonddouble bond

A B C

Increase vC=O Decrease vC=O 



Ketone vs Amide 

1648

H
N

O

1715 O



Carbonyl Compounds 

O

X

O

X

Inductive effect 
O > N > Cl > C 
3.5 3.1 2.8 2.5 

O

X

O

X

Resonance effect 
N > O > Cl 

H3C Cl

O

νC=O(cm-1)

H3C O-CH3

O

H3C CH3

O

H3C NH2

O

1800 1740 1715 1650

stronger bond



Aldehydes 

•  C=O   1725 cm-1 
•  C-H   2820 and 2710 cm-1,        

Fermi doublet 
Important for ketone vs aldehyde 
 



Hexanal & Benzaldehyde 

2719 

2820 
1710 

2736 2820 

1703 



Ketone vs Aldehyde 



Ketones 

•  C=O   1715 cm-1 
     Conjugation and ring size 

C
R C

O

C
R C

O

C
R C

O

single bonddouble bond

A B C



2-Hexanone & Benzophenone 

1718 

1666 



Ring Size Effects 

ν (C=C)

O
O

O

1780 1645 1615

1659 1699 



Alpha-substituents 



Carboxylic Acids 

•  O-H   3400 ~ 2400 cm-1 
•  C=O   1730 ~ 1700 cm-1 
•  C-O   1320 ~ 1210 cm-1 

O H

O
R

O H

O
R

OH

O
R2

1760 cm-1 1710 cm-1 



Hexanoic Acid and Benzoic Acid 

1711 

O-H 
stretch 

C-O 
1298 

O-H 
stretch 

1689 
C-O 
1294 



Esters 

•  C=O    1755 cm-1 
     Conjugation & ring size 

•  C-O    1300 ~ 1000 cm-1 



Ethyl Acetate & Isopropyl Benzoate 

C-O 
1048 C-O 

1243 
1743 

1716 1276 1104 

conjugation 

Secondary alcohol 



Methyl Acrylate & Vinyl Acetate 

1732 
1762 

O

O

O

O

O

O

O

O

Ethyl acetate 
1743 cm-1 



Lactones 

1747 
1770 

Ring size νC=O 



Methyl m-Hydroxybenzoate 

CCl4 solution KBr pellet 

H-bonding νC=O 



Methyl o- or m-
hydroxybenzoate 

1695 1678 

Methyl benzoate 
1724 cm-1 



Keto and Enol Forms 

Keto form 
enol form 



Diones 

keto 

enol 



Amides 
•  C=O stretch (amide I)  1680 ~ 1630 cm-1 
•  N-H bending (amide II)  1640 ~ 1550 cm-1 

    I° and II° amides only 
    often overlaps with amide I 

•  N-H stretch  3350 ~ 3180 cm-1(H-bonded) 
  I° (two bands) and II°(one band) amides only 

 
Other bands 

–  C-N  stretch  ~1400 cm-1 

–  N-H wagging  800 ~ 660 cm-1 broad 
 
 

      



Butanamide and N-Methyl 
Acetamide 

Amide I & II C-N 

N-H 
wagging 

N-H 
stretch 

N-H 
stretch 

Amide I 

Amide I 
N-H  
wagging 



N-Methyl and N-Phenyl 
Acetamide 

1665 1656 

νC=O Conjugation to N 



Lactams 

N-Ethyl acetamide 
1655 cm-1 NH

O 1673 cm-1 

1700 1695 



Penicillin G Sodium Salt 

β-lactam 
1778cm-1 



Acid Chlorides and Anhydrides 

•  Acid chlorides 
– C=O  1800 cm-1, Fermi doublet sometime 

•  Carboxylic acid anhydrides 
– C=O  Two bands, 1830 ~ 1800 cm-1 
     1775 ~ 1740 cm-1 

– C-O  1300 ~ 900 cm-1 
 



Acetyl Chloride and Benzoyl Chloride 



Hexanoyl Chloride & 3,3-Dimethylbutyl chloride 



Acetytic Anhydride & Benzoic Anhydride 

1832 1761 C-O 
1788 1726 

C-O 



Amines 

•  N-H stretch  3500 ~ 3300 cm-1  
–  Primary two bands 
–  Secondary  one band 
–  Tertiary no N-H stretch 

•  N-H bending  ~800 cm-1 
•  C-N stretch  1350 ~ 1300 cm-1   



Ethyl Anilines 

N-H 
stretch 

N-H 
stretch 

C-N 
N-H 
bending C-N 

N-H 
bending 



Amino Acid 
Exist as zwitterions  

C 
CO2

- 

NH3
+ 

NH3
+ :  very broad  3330-2380 

(OH  +   NH3
+ ) 

C 
O 

O 
1600 – 1590 strong 
Asymmetric stretching 



Amino Acid 



Nitriles 

•  C≡N   ~ 2250 cm-1 



2- or 4-methoxybenzonitrile�



Nitro Compounds 
•  Two N-O stertching bands 

– Aliphatic 1550 and 1380 cm-1 
– Aromatic 1520 and 1350 cm-1 



Sulfur 
Mercaptans S – H  : weak  2600-2550 cm-1  

Since only few absorption in that range it confirm its presence 

Sulfides,Disulfides : no useful information 

Sulfoxides: 

R
S

R

O Strong ~ 1050 cm-1  

Sulfones: Asymetrical ~ 1300 cm-1  
Symetrical   ~ 1150 cm-1  

R S R

O

O

2 bands : 



Sulfur: Mercaptan R-S-H 



Sulfur: Sulfonyl Chloride 
S=O :  Asymmetrical stretch: 1375 cm-1 

 Symmetrical Stretch : 1185 cm-1 



Sulfur: Sulfonate 

S=O :  Asymmetrical stretch: 1350 cm-1 
 Symmetrical Stretch : 1175 cm-1 

S-O :  several bands between 1000 – 750 cm-1 



Sulfur: Sulfonamide 

S=O :  Asymmetrical stretch: 1325 cm-1 
 Symmetrical Stretch : 1140 cm-1 

NH2 stretch:  3350 and 3250 cm-1    NH Bend: 1550 cm-1 



Halogens 

C—F  :  1400 – 1000 cm-1 

C—Cl : strong 785 – 540 cm-1 

C—Br : 650 – 510 cm-1 (out of range with NaCl plates) 

C—I   : 600 – 485 cm-1 (out of range) 



Halogens 



Chloro- and Bromo-benzenes 



Fluorobenzene 

C-Br  650 ~ 500 cm-1 
C-Cl  850 ~ 550 cm-1 
C-F  1400 ~ 1000 cm-1 



Silicon 

Si-H : 2200 cm-1  (Stretch) 

950 – 800 cm-1  (bend) 

Si-O-H : OH:  3700 – 3200 cm-1  (Stretch) 

Si-O : 830 – 1110 cm-1 



Chlorodimethylysilane 

Si-H 
stretch Si-H 

bending 



Triphenylsilanol 



Analyzing IR 
or “What You Can Tell at a Glance” 

(1)  Is a carbonyl present? 
(2)  If C=O is present, what type? 
(3)  If C=O is absent, check 

Alcohols, amines, ethers 
(4)  Double bonds and/or aromatic 
(5)  Triple bonds 
(6)  Nitro compounds 
(7)  Hydrocarbons, sulfer, silicone etc 


