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The selection rules for Raman scattering is turn out to depend not only on the electric

dipole moment (E), but on the matrix elements of the molecular polarizability.

The physical displacement dQ of the atoms about their equilibrium position due to the

particular vibration mode may be expressed as

dQ = Qgcos(w,t) (5)

where Qo is the maximum displacement about the equilibrium position.

The displacements are typically small and there amplitude is around 10% of the bond
length. For such small displacements, the polarizability may be approximated by a
Taylor series expansion:

dax 1 d*a

a=a+35(0-0)+3 50

(@ —@y)? (6)

Were ¢, is the polarizability of the molecular mode at equilibrium.

For the 1% order approximation of the polarizability Taylor series the vibration

transition integral is:

da

9@ (g=0)

(¥, lal¥,) = (¥, la|¥,) + (¥, y

)

de

= ﬂl}("{"rl_,flq'rv} + aQ

(¥, 1Q1¥,)
(@g=0)

The 1* expression ¢ <1//V,

l//v>, is non zero only when, v =v , which is Rayleigh

scattering. From the second expression the Raman selection rules can be seen:

The condition, g—g # 0 , means that the polerezabilty changes as a result of the

vibration.

The second selection rule can be extracted from the integral <1//V, ‘Q|z//v> and is know

tobe Ay =+1.
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Temperature measurements based on the Raman spectroscopy can be performed in
two methods; the ratio of the Stokes to anti-Stokes intensities, and the Raman peak
frequency shift. The temperature dependent ratio of the Stokes to anti-Stokes peaks
in the case of non-resonance Raman scattering is given by

I Vp TV

This equation is dependent on the temperature, scattering cross-section, and
absorptivity (not shown) of the material of interest. The ratio of these two Raman
intensities are related to the availability of phonon states which is governed by the

Boltsman distribution and is a sole function of temperature.
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