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ELECTROMAGNETIC SPECTRUM
Most organic spectroscopy uses electromagnetic energy, or radiation, as the 
physical stimulus.

Electromagnetic energy (such as visible light) has no detectable mass 
component. In other words, it can be referred to as “pure energy.”

Other types of radiation such as alpha rays, which consist of helium nuclei, have 
a detectable mass component and therefore cannot be categorized as 
electromagnetic energy.

The important parameters associated with electromagnetic radiation are:

•  Energy (E): Energy is directly proportional to frequency, and inversely 
proportional to wavelength, as indicated by the equation below.

•  Frequency (μ)
•  Wavelength (λ)

E = hμ



EFFECT OF ELECTROMAGNETIC RADIATION 
ON MOLECULES
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UV Visible Spectroscopy



Basic Theory
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UV / VISIBLE SPECTROSCOPY 

UV Radiation – Wavelength range 220 - 380nm

VISIBLE Radiation – Wavelength range 380 - 780nm

Substances can absorb varying amounts of UV and/or Visible radiation at 

particular wavelengths – Coloured compounds absorb energy in both UV 

and visible region of the electromagnetic spectrum.

Substances can be liquids or solids and measurements are made with 

instruments called SPECTROPHOTOMETERS or SPECTROMETERS.

Modern instruments can be coupled to microscopes which allow solid 

samples and very small samples of solids and liquids to be analysed both 

qualitatively and quantitatively.

       



• If a particular wavelength of UV or Visible radiation can be isolated from the source and 
passed through a sample which can ABSORB some of the radiation then the TRANSMITTED 
light intensity (I t ) will less than the INCIDENT light intensity (I o). 

• The amount of light transmitted with respect to the incident light is called 
TRANSMITTANCE (T) ie.,                                      

• Sample can absorb all or none of the incident light and therefore 
• transmittance often quoted as a percentage eg.,
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UV / VISIBLE SPECTROSCOPY - THEORY
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UV / VISIBLE SPECTROSCOPY - THEORY
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By plotting Absorbance vs wavelength  an ABSORBANCE SPECTRUM is 

generated. The absorbance spectra for the same compounds A and B are 

shown.  

With the advantage that absorbance measurements are usually linear with 

Concentration, absorbance spectra are now used 

For of %T = 0 and 100 the corresponding absorbance 

             values will be 0 and 2 respectively

















Nature of UV visible absorption 
Spectra





Concept Chromophore and 
Auxochrome























INFRA RED 
SPECTROSCOPY



Principle of IR

• In the context of infra red spectroscopy the term 
"infra red" covers the range of the electromagnetic 
spectrum between 0.78 and 1000 mm. 



Wavenumbers

• wavelength is measured in "wavenumbers„
•  wavenumber = 1 / wavelength 
• in centimetersIt is useful to divide the infra 

red region into three sections; near, mid and 
far infra red;



Regions of wavelength range

• Wavenumber range (cm-1)
• Near0.78 - 2.51   2800 – 4000
• Middle2.5 – 504000- 200
• Far50 -1000200 - 10
• The most useful I.R. region lies between 4000 

- 670cm-1. 



Theory of infra red absorption

• IR radiation does not have enough energy to induce 
electronic transitions as seen with UV.

• Absorption of IR is restricted to compounds with 
small energy differences in the possible vibrational 
and rotational states. 

• For a molecule to absorb IR, the vibrations or 
rotations within a molecule must cause a net change 
in the dipole moment of the molecule. 



Molecular rotations

• Rotational transitions are of little use to the 
spectroscopist. 

• Rotational levels are quantized, and 
absorption of IR by gases yields line spectra. 

• However, in liquids or solids, these lines 
broaden into a continuum due to molecular 
collisions and other interactions. 



Molecular vibrations
• The positions of atoms in a molecules are not fixed; 

they are subject to a number of different vibrations. 



symmetric asymmetric

In-plane rocking

In-plane scissoring

Out-of-plane waggingOut-of-plane twisting



Another Illustration of Molecular Vibrations













THE FINGERPRINT REGION
Although the entire IR spectrum can be used as a fingerprint for the purposes of comparing 
molecules, the 600 - 1400 cm-1 range is called the fingerprint region. This is normally a 
complex area showing many bands, frequently overlapping each other. This complexity 
limits its use to that of a fingerprint, and should be ignored by beginners when analyzing 
the spectrum. As a student, you should focus your analysis on the rest of the spectrum, 
that is the region to the left of 1400 cm-1.

Fingerprint region: complex and difficult to 
interpret reliably.

Focus your analysis on this region. This is where most stretching 
frequencies appear.

Graphics source: Wade, Jr., L.G. Organic Chemistry, 6th ed. Pearson Prentice Hall Inc., 2006 





Chapter 12 45

Mass Spectrometer

=>





Chapter 12 47

The Mass Spectrum
Masses are graphed or tabulated according to 

their relative abundance.
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