
Electromagnetic Radiation: Light, Energy, Heat 
IR Tutor: http://chemistry.beloit.edu/Warming/pages/infrared.html 

What do the sun’s energy, a molecule’s shape and a TV
 remote have to do with greenhouse gases? 

http://chemistry.beloit.edu/Stars/EMSpectrum/index.html 

Infrared Absorbance 

Infrared Absorbance 

Remote TV 

Infrared Absorbance 
Sample 

TV Remote 



Infrared Absorbance & Molecular
 Vibrations for CCl4  

Stretching  & Bending 

Infrared Absorbance 

IR- Empirical Comparisons 

Identifying functional groups in organic 
molecules 

The presence & absence of absorption bands must 
be considered in identifying a possible structure in 
IR spectroscopy. Empiricism is critical to successful 
identification. 

NOTE: Bonds which lack dipole moments are not 
detected.  

Analyzing Structure: 
Functions & Infrared Spectra 

The molecular formula is a critical piece of 
information, which limits the functional possibilities. 



A bond must have a dipole or an induced dipole in 
order to have an absorbance in the IR spectrum. 

When the bond stretches, the increasing distance  
between the atoms increases the dipole moment. 
Therefore, the greater the dipole, the more intense 
the absorption. (i.e.,  The greater the molar 
extinction coefficient (ε) in Beer’s law, A = εbc.  

The peaks are quantized absorption bands 
corresponding to molecular stretching and 

bending vibrations 

An Infrared Spectrum 

Each signal in an IR spectrum has three important 
characteristics: WAVENUMBER (frequency, which is 
proportional to energy), INTENSITY, and SHAPE.  

WAVENUMBER is the most important of the three, and 
every signal does not need to be considered 

IR Spectra / Interpretation 
•  The WAVENUMBER for a stretching vibration 

depends on the bond strength and the mass of the 
atoms: bonded together 

•  Do bonds between heavier atoms absorb higher or 
lower energy (Wavenumber) for their respective 
stretching vibrations? 

IR Interpretation: Wavenumber 

IR Interpretation: Wavenumber 
•  Wavenumber relates to the relative strengths and polarity of 

the bonds. 

•  More energy is absorbed by stronger more polar bonds. 

IR Interpretation: Wavenumber 

Bonds to H 

Triple Bonds  

Double Bonds  
Single Bonds  



•  Wavenumber relates to the relative strengths and polarity of 
the bonds. 

•  More energy is absorbed by stronger more polar bonds. 
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Bonds to H 

Triple Bonds  
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•  Wavenumber relates to the relative strengths and polarity of 
the bonds. 

•  More energy is absorbed by stronger more polar bonds. 

IR Interpretation: Wavenumber 

Bonds to H 

Triple Bonds  

Double Bonds  
Single Bonds  

•  When a bond stretches, its dipole moment (µ)  
oscillates. Where the distance between the partial 
charges (e) varies:     

IR Interpretation: Intensity 

•  C=O  is more polar than C=C 
and its  signal more intense 
that a comparable C=C 
stretching absorbance. 

•  NOTE: A symmetrical 
molecule with a completely 
nonpolar C=C bond, eg. 2,3-
dimethyl-2-butene, does not 
have a peak in the 1500–
2000 cm-1 region. 

IR Interpretation: Intensity The wavenumber (energy/ frequency) and the intensity of the 
absorption band also depends on the concentration of solution 
from Beer’s law, A = εbc. 

It is easier to stretch an O–H bond if it is Hydrogen  
Bonded. 



The fingerprint  
region 

The functional group 
stretching region 

First examine the absorption bands in the vicinity of  
4000-3000 cm–1 

•  H-bonding is often pronounced in  
carboxylic acids, because they can form  
H-bonding dimers. 

IR Interpretation: Shape 

The N–H bending vibration occurs at ~1600 cm–1 



IR Interpretation: Shape 

•  The two N–H signals for a 
primary amine is the result of 
each N–H bond giving a 
different signals from stretching 
in two different ways. 

IR Interpretation: Shape 

Some hydrocarbon absorption bands 



Structural Components & Functional Differences: 

Therefore the amide has a longer (weaker) 
C=O bond (1680-1700 cm-1) and the ester 
(1730-1750 cm-1) is shorter (stronger). 

The nitrogen of an amide is less electronegative 
than the oxygen of an ester. 



~1725 cm-1 
1700-1725 cm-1 



~1100 cm-1 
1025-1200 cm-1 

~1200 cm-1 

wavenumber (cm–1)                            assignment 
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1650 and 890 

sp2 CH 
sp3 CH 

a terminal alkene with two substituents 



http://chemconnections.org/COT/COT-chemcomm-eg.html 



Summary:  
C–H bond absorption 
and hybridization 
of the carbon atom 

Distinctive Stretch of C–H Bond in an 
Aldehyde (the “waggle” vibration) 



http://chemconnections.org/general/chem121/Spectroscopy/IR-handout-11.htm 


