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CLASSICAL THEORY

* Aninsight into the phenomenon of raman
scattering Is possible on the basis

considerations. o

* When a molecule is placed in an electrical
field, polarization of the medium takes place
as the negatively charged electron cloud is
being attracted towards the positive pole and

the positively charge
towards the negative pole.



* The polarization P so induced is proportional
to the applied electric field E. That is,

P=akE
e The constant of proportionality a is the
polarizibilty of the molecule . In general it is a

tensor with nine compo

* \WWhen radiation of frequency vO is allowed to
fall on molecules each molecule experiences a

varying electric field
E=EOcos2MvOt



e Qcan be written as
Q=0Q0cos2MVmt
» The polarizability a can be expressed as a

taylor series in the normal coordinate Q as

o= a0 + ( a.sgu) Q... il

 Neglecting higher order
substituting we get,

P=aoEocos2MNVot+(5)QoEocos2Mvot
cos2MvVmt



The polarization thus induced contains the

three distinct frequency components

V=Vo ?ayleigh '

v=vo Rl Raman .
V=Vo+Vm Raman anti stokes line

It may be noted that if Zero, no raman
line will be ObSGFVG

either in magnltude or in direction.



We can take the normal modes of the linear
triatomic molecule CO2.

The polarizability is plotted with respect to the
displacement coordinate X.

For the vl and v3 modes, X IS @ measure of the
extention or compression of the bond.

For the v2 mode X meas

position, the curve is almost flat in both v2
and v3 modes leading to zero value for Z—:
Hence they are raman inactive



QUANTUM THEORY

n the quantum picture, radiation has both
particle and wave nature.

n explaining raman scatterl 1g Incident
radiation of frequency vo is considered as a
stream of particles undergoing collision with
molecules. e

However there will of energy

between the two if the collision is inelastic.

The molecule can gain or lose energy equal to
the energy difference between any two of Its
allowed states.
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* When a system Iinteracts with a radiation of
frequency it may make an upward transition
to a virtual state of a system.

 However a very small fraction returns to

states of higher and lower energies giving rise

to stokes and anti stokes || espectively.

+ If the virtual state of the syste
a real state of the system it will lead to

lem coincides with

resonance raman effec



The intensity of a spectral line depends on
number of factors the most important being the
initial population of the state from which the
transition originates.

The intensity ratio of stokes t
by A

0 anti stokes is given

|s/ | a.9= exp hvm/kT o
K 1s boltzman constant &

keIVin

5 temperature in

Taking other factors into account, gives
_(vo—vm)* . hvm
Is/la.s=2— T 7
Anti stokes I(ine have much’fess Intensity than

stokes line.







