
Infrared Spectroscopy 

 

IR-spectrum of a typical organic compound 

 

 

Characteristics: 

• Transmittance rather than absorbance is measured 

• The abscissa scale is not linear to wavenumber 

• Infrared spectra are a result of the absorption of radiation which activates 

vibrations in molecules 

 

 

 

 

Types of molecular vibrations 

 

• Vibrations of molecules can only be excited by radiation if the electric 

dipole moment changes during vibration (selection rule; c.f. Raman 

spectroscopy) 

______________________________________________________________ 

Mechanical model 

of a stretching 

vibration in CO2 

Mechanical model 

of a bending 

vibration in CO2 

Classical treatment (harmonic oscillator) 
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k: proportionality constant, force 

constant for the chemical bond (measure 

for its stiffness) 

y: displacement 



Example:  

Calculate the approximate wavenumber of the fundamental absorption peak 

due to the stretching vibration of a carbonyl group. 
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Number of fundamental vibrations in polyatomic molecules 

 

Non-linear molecules: 3 N – 6 

Linear molecules: 3 N - 5 

N: number of atoms  

 

Instruments for IR-spectroscopy 

Dispersive instruments (similar to UV-vis instruments, cell between source 

and monochromator) 

FT-IR-instruments (high sensitivity, fast) 

Filter photometers (for monitoring air pollutants CO2, HCN, etc.) 

 

 

Applications of IR-Spectroscopy 

 

Qualitative Analysis 

Group frequency region (3600 – 1200 cm
-1

): identify characteristic groups 

Fingerprint region (1200 – 600 cm
-1

): characteristic for every compound  

 

1.) Identification of compounds 

by comparison with a database of spectra 

 

2.) Identification of characteristic groups 

 



 

Group frequencies for some organic groups 

Bond Type of compound Frequency 

range (cm
-1

) 

Intensity 

O-H Aliphatic and aromatic 

alcohols 

3600-3000 Variable 

N-H Amines, amides 3600-3100 Medium 

C-H Alkanes 2850-2970 Strong 

 alkenes 3010-3095 Medium 

 Alkynes 3300 Strong 

 Aromatic rings 3100-3010 medium 

C≡N Nitrile 2280-2210 strong 

C≡C Alkyne 2260-2100 Strong 

C=O Aldehydes, ketones, 

esters, … 

1760-11690 Strong 

-C=C- alkenes 1670-1610 variable 

-C=C- Aromatic rings 1600-1500 variable 

C-O Alcohols, ethers, etc 1300-1050 strong 

C-N Amines, amides 1360-1180 strong 

 

 

 

3.) Structural information 

e.g. transition metal carbonyl complexes (νCO = 1850 – 2125 cm
-1

) 

 

a) bond order and dπ -pπ
*
 backbonding 

 

Complex νCO (cm
-1

) 

Mn(CO)6
+ 

2090 

Cr(CO)6 2000 

V(CO)6
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ν(CO) = 2170 cm
-1

 

 

ν(CO
+
) = 2214 cm

-1
 

Complex νCO (cm
-1

) 

Ni(CO)4
 

2046 

Co(CO)4
- 

1883 

Fe(CO)4
2- 

1788 

 

b) coordination geometry for complexes of the type L3M(CO)2  
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Predicted relative intensities of L3M(CO)2 when 2Φ is 90° (a) and 120° (b) 

c) geometrical structures of octahedral complexes LnM(CO)6-n 

  


