
olecules molecules are ofien found fo be 

tion and full qua 
being worked out. Once again the classical theory is able to explain the existe lull qua 

molecule, 

4.5. Mechanism of Raman Effect 

mtum 
lain the exister 

esry aman rectly. 

Raman effect is much more complex than ordinary infrared absorptio 

1. Classical Theory of Raman Effect. When an electric field is applied t Cly. 

polarized. Su 
nuclei are displaced. Thus, an induced dipole moment is produced in the mo 

strength of electronic field and u is the magnitude of induced dipole m moment. TheOe 

a 

as the quantum theory is needed to predict selection rules and intensiti of the 

s electong 

lecule due 
Then, we CAn 

dispiacement of the electrons and nuclei, and the molecule is said to he 

where a is termed as the polarizability of the molecule. 

When a sample of molecules, which can be polarised, is subjected to a beam ae. 

diation of frene 
v, the electric field experienced by each molecule varies according to the faldation of 

E Eo sin 2vt 

i.e., 
and, therefore, the induced dipole undergoes oscillations of frequency, v, i.e. 

Such an oscillating dipole emits radiation of its owm frequency, v. Thus, equation (d A 
Rayleigh's scattering. In deriving equation (4.4), vibration and rotation of moleculeepla 

aE = aEo sin 2t 

,explains ules 
2 (a) Efect of vibration. If a molecule undergoes vibratory motion, this changes the nol periodically and then the oscillating dipole will have superimposed upon it the vibrational o 

Suppose a vibration of frequency vyib changes the polarizability. Then, one can wite 
a at B sin 2tv,ib 

where a = the equilibrium polarizability and 

B the rate of changes of polarizability with the vibration. Substituting equation (4.5) in ( 

considered. 

Oscilaz 

we get 

aE = (t sin 2T vi) E, sin 27tvt 

aE sin 2tvt+%BE, [cos 2n(v-vi)cos 21t(v+Vi)] 
From the equation (4.6) it is evident that the induced oscillating dipole has frequency compone: 
b as well as the exciting frequency v. It means that the induced dipole oscilltes wit 

frequencies (v*y,yp) anid (v-)which are more and less than the frequency of incident radiu 
and thus predict the existence of Raman effect. Thus, the Raman shift will be as follows 

Raman shift = (v+v,j-y Vb 

or 

Thus, we find that the oscillating dipole has three distinct frequency components : ( 
frequency v with amplitude aE, (ii) and (ii) vtv, with very small amplitudes t 

cq)g,E, Hence, the Raman spectrum of a vibrating molecule consists of a relatively d helow t at the inCident frequency and two very weak bands at frequencies slightly above a of the intense band. 
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tbe aleeular vidrathon does not change the polarizability of the molecule, then (a 
the digole escilates only at the frrquency of the incident (exeiting) radiation) 1he

ular rotation We conchude that for a moleeular vubraton or rotation 
maLST cause a change in the molecular polarizability 

s ruc f the nnolecular 

(4.7 A) 
duatoensc olerules such as H,, N,, O,, which do not show IR spectra since they 

oment, do show Raman specm since their vibration is 
bilin of the molecules. As a consequence of the change 

ccurs a change in the induced dipole moment at the vibrational frequency 

o NsTSs a eranent dipole 

olarzabhit. there 

YreALNNE Let us now discuss the etffect of rotation of molecule on polarizability. When 
c tholecule rotates, the onentation of a molecule varies with respect to the electrice field 

nf the molecule is not optically isotropie (i.e, it is exhibiting ditferent polarizabilities 
t hrections), the polarization will vary with time. If we express variation of a by an 

hftere 

guact 
ndenncal to equation (4.5), we have 

a4 sn 2 (2)x 
here , is the fYrequency of rotahon. In ecquation (4.8) it is umportant to note that 2, is used 
ause a rotatiou through angle will bring the diatomie molecule in a position in which the 
ularzator beomes same as initially. On substinuting cquation (4.8) in (4.4) we get 

(4.8) 

, sun 2tv+4'E, [cos 2n (-2,)x-cos 2n (v+2,)0 (4.9) 
Freem the above cquaton (4.9), it follows that the frequency of Raman lines will be (vt 2v,) and 

In this case the Raman shift would be 
Raman shift -(*2) - v 2, 

Em ouuation (4.10), it follows that the Raman shift would be cqual to twice the frequency of 
(41 10) 

roation of molecule. 

he uaniam Theory of Raman &�ect According to this theory, the Raman effect may be regarded 
she cutcome of the collisions between the light photons and molecules of the substance 
Supposea molecule of mass m in the energy state E, is moving with a velocity v and is coliding 
wha ight photon Av. Suppose this molecule undergoes a change in its energy state as well as in 
veloeity. Let this new energy state be E, and the velocity be v' after suffering a collision. If we 
pply the prneiple of conservation of energy, we can write 

Es hv E, + mv+hv' 

n can be easily proved that the change in velocity of the molecule is practically negligible. Thus, 
quation (4.11) may be written as 

(4.11) 

E,hv-E, + hv' 
(4.12) 

(4.13) 

(414) From equation (4.13) three cases may anise 

EE the frequency difference (Raman shift) Av (i.e. (E,-E,Vh is zero. It means that v'=y and 
s reters to the unmodified line where the molecule simply deflects the photon without receiving any energy from it. The collision thus being elastic is analogous to Rayleigh scattering 
hen v>y which refers to the anti-Stoke's lines. It means that the molecule was previousiy CCed state and t handed over some of its intrinsic energy to the incident photon. Thus, 
the scattered photon has greater energy. 
tnen vky. This comesponds to Stoke's lines. The molecule has absorbed some energy photon and consequently the scattered photon will have lower energy 
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As the change in the intrinsic energy of the molecule is governed by the quantur 

Write 
rules, e 

Ep-E nhv, 
where n-1, 2, 3,.. etc. and v, is the characteristic frequency of the molecule. ln the ur 

when n-1, equation (4.15) becomes as 

v'vt 
From the above cquation it follows that the frequency difference (v) between the incude 
scattered photon in the Raman effect corresponds to the characteristic frequency 
molecule. The Raman lines are equidistant from the unmodified parent line on the ethess 
distances equal to the characteristic frequency of the moiecule and they refer to the i 

absorption lines of the scatterer. 
The Rayleigh scattering and the Raman scattering are shown schematically in Fig 44 

ate 

h 

Anti-Stokes Stokes Rayleigh 

(Av-0) (AvcO) (Avc0) 

Raman 
Scattering 

(Stokes's Line) 

Rayleigh 
Scattering 

Raman 
Scatteringg 

(Anti-Stokes's Line) 

Fig. 4.4: The Rayleigh Scattering and the Raman Scattering. 

We can write Eq. 4.12 as followS 

-Eh (-v) = h Avgaman he AV 

shifts in frequency (-) are called Raman shifts. The Raman shifts fall in the range l0 
C for vibrational energy changes. Their values are smaller for rotational energy chang 

Since v1/ we have 
10 (in em in A) 
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Hence, Raman shift (in cm') is given by 

10 10 
Av- in A) Raman in A) est case 

(4.16A) 
where is the wave length corresponding to the exciting (incident) frequency. Srample 1. A sample was excited by the 4358 A line of mercury. A Raman 1lim PIdent and 



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

