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Molecular spectroscopy is the study of
the interaction of electromagnetic
(EM) radiation with matter.
 
When the electromagnetic radiation
interacts with the matter, important
processes are going to take place.
They are:
 

Absorption
 

Emission
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Interaction of electromagnetic waves with  matter
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absorption spectroscopy

Emission spectroscopy
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Molecules are made up of atoms that are held together by  chemical               bonds.
These bonds are formed as a result of the sharing or exchange

   of electrons among atoms.
Molecules also have energy levels like atoms. Molecular energy levels                are
more complicated than atomic energy levels because molecules can also vibrate
and rotate.
The transition of molecules  between the allowed energy states with the
absorption or emission of radiation gives rise to molecular spectra.
The spectrum of a molecule gives information about its properties and structure.
 
Different energies possessed by a molecule:
electronic energy (Ee) due to the electronic configuration of the electrons in the
molecule
vibrational energy (Ev) due to the vibration of the atoms in a molecule  about their
equilibrium position
Rotational energy (Er) due to the rotation of the molecule as a whole about the
axis passing through its center of mass.
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Rotational energy levels



|  Optics & Spectroscopy- Molecular spectraShruthi M6 20-Apr-2020

Vibrational energy states
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A molecule possesses energy due to electronic
configuration.
 
Molecular electronic states have highest
energies with separation between energy levels
being several eV
 
The excitation  of electron into higher energy
levels gives spectra in visible and ultraviolet
region.
 
This spectrum also consists of bands and each
band consists of several lines.
 
The total energy E of a molecule can be
expressed as a sum of electronic energy( Ee) ,
vibrational energy (Ev )and rotational energy (Er)
 
Therefore, E = Ee + Ev + Er
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Main features of molecular spectra
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Atomic spectrum is a line spectrum with a fine structure.
 
Molecular spectrum is a band spectrum consisting  of several groups of bands.
 
Each band consists of a large number of closely spaced lines. One edge of the
band is sharp and is called the band head.
 
 Away from the band head, the lines are widely separated and of less intensity.
The transitions between rotational levels within a given vibrational level give the
pure rotational spectra in far infrared and microwave region.
 
 Transition between vibrational levels within the same electronic state constitute
vibration rotational spectra as a molecule possesses both vibrational and
rotational energies. Hence bands are formed with many lines inside each band.
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Types of molecular spectra
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Theory of pure rotational spectra
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Theory of pure rotational spectra (contd)
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Theory of pure rotational spectra (contd)
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Theory of pure rotational spectra (contd)
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Vibration – Rotational spectrum
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figure b
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Vibration – Rotational spectrum:
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A molecule can possess both vibrational and rotational energies.
 

Absorption of energy by a molecule can result in change of both rotational and
vibrational energy levels giving rise to vibration- rotation absorption spectrum
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Figure c
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P branch
■
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R branch

■

Shruthi M18 20-Apr-2020



|  Optics & Spectroscopy- Molecular spectra

Vibrational -Rotational spectra
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Spacing between lines in both P and R  branches is Δ𝜈= ђ/2πI
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Does the absorption spectrum of the diatomic molecule HCl depend on the isotope
of chlorine contained in the molecule? Explain your reasoning.
 
Rank the energy spacing  of the following transitions from least to greatest: an
electron energy transition in an atom (atomic energy), the rotational energy of a
molecule, or the vibrational energy of a molecule?
 
Explain key features of a vibrational-rotation energy spectrum of the diatomic
molecule.
 
identify which of the following pairs of molecules exhibit both a pure rotational
spectrum and a rotational Raman spectrum.

 a) O2 and H2O b) CO2 and N2O c) CO and CH4 d) NO and DCCH
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THANK YOU
 


