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4.5. Mechanism of Raman Effect | |
Raman effect is much more complex than ordinary infrared abso,pn-on and fy

being worked out. Once again the classical theory i 3 o ul explaén the existence o Gamy,
as the quantum theory is needed to predict selection rules an Intensitieg Conec"e am, th,
= . . . . Vefp,
I Classical Theory of Raman Effect. When an electric field 1s applied tq , mo] . |
nuclei are displaced. Thus, an mducec} dipole moment IS produceqd j, thCCule’ ity
displacement of the electrons and nuclei, and the molecule is saj € mojq, En_»“ll |

(b

ic field and # is the magnitude of induced d? e Polarizeg  le g, "}
strength of electronic fie 4 pole Momep, Tilbupp')"ee;!“
- Cn, w;; 3

p = ak
where « is termed as the polarizability of the molecule.
When a sample of molecules, which can be polarised, ig subjected to g beam of 1., ;. .
v, the electric field experienced by each molecule varies according to the foll?s!aho“ of .
8 equy, !

E = Eo sin 2avt
and, therefore, the induced dipole undergoes oscillations of frequency, vV, ie

u = akE = aEo sin 2avt
Such an oscillating dipole emits radiation of its own frequency,
Rayleigh’s scattering. In deriving equation (4.4), vibration and

considered.
@ ect of vibration. If a molecule undergoes vibratory motion, this changes the pol

. a ba.
Eff it the Vibration; O\HH

periodically and then the oscillating dipole will have superimposed upon
Suppose a vibration of frequency v,,, changes the polarizability. Then, one can write

v. Thus, equatiop (4.4) ¢
rotation of molecye, h’av'c’pla‘r‘
Doty

a = a, + P sin 2nv, ¢
where @, = the equilibrium polarizability and
B = the rate of changes of polarizability with the vibration. Substituting equation (45) j; .

we get
# = akE = (a, + sin 27 V,ist) Eq sin 2mve

or  p=ayE, sin 2nvr+iBE [cos 2n(v-v, , )t—cos 2n(v+v,, )1

From the equation (4.6) it is evident that the induced oscillating dipole has frequency compox

vy, as well as the exciting frequency v. It means that the induced dipole qscillates

frequencies (v+v,,) ad (v-v,;,) which are more and less than the frequency of incident rad:-

and thus predict the existence of Raman effect. Thus, the Raman shift will be as follows:
(4

Raman shift = (V+v,,) —v = Vi .
Thus, we find that the oscillating dipole has three distinct frequency components : () ﬂ‘f;'ﬂ‘;:‘.‘A
frequency v with amplitude @,k (ii) v-v, and (iii) v+v_ with very small am,pl'tUd,e Swsp‘
5q)q050. Hence, the Raman spectrum of a vibrating molecule consists of a relatively énb ow lb
at the incident frequency and two very weak bands at frequencies slightly above an¢ =

of the intense band.
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o he moleculsr vibraton doey not change the polarzability of the molecule, then (&

It
Wt . y ! i aff N \
L gt the dipole asciltates only at the frequency of the werdent (exciting) radiation) The
L L of the muolecular rotation. We conclude that for o molecular vibration or rofation
W e she Raman spectrum it must cause @ change in the molecular polarizability
A

Ay » 0 (4.7 A)

ear Jutomie molecules such as Hy, Ny O, which do not show IR spectra since they
?%\\\‘\}‘i“‘\‘ '\ ’

. -
sess @ permanent dipole moment, do show Raman specira sinee thetr vibration i
';‘[\,{ -?\ e 4

spied My change in polarizability of the molecules. As a consequence of the change

gty there accurs a change i the induced dipole moment at the vibrational frequency.

mon Lot us now discuss the effect of rotation of molecule on polarizability. When

L e molevule rotates, the onentation of a molecule vanies with respect to the electric field
§ R

aoon 1 the molecule 18 not optically sotropic (1, 1t s exhibiting different polanzabilities
N »\;;r':t Srecnons), the polanzation wall vary with ame. If we express vanation of a by an
s denneal to aquanon (4.5), we have
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‘*,,;. . s the frequency of rotaton. In equation (4.8) 1t 1s umportant to note that 2v s used
\f\. ;_‘L\.‘. s rotatbon through x lngllc will bnng the diatomue molecule 1n a posttion i which the
:\\,_‘m_,‘,‘.“\, becomes same as wutially. On substiuting equation (4.8) i (4.4) we get

. s b, s 2veeBVE [cos 2x (w-2v Je-cos 2x (v+2v )]

Erom ng‘;!;n: aquaton (4.9), it fpllows that the frequency of Raman lines will be
() In s case the Raman shift would be

Raman shuft = (W2v) - v =2v,

(4.9)
(vt2v) and

(“410)
From equaton (4.10), it follows that the Raman shift would be equal to twice the frequency of
roanon of molecule

+ The Quanin Theory of Raman Effect. According to this theory, the Raman effect may be regarded
" 4 te ourcome of the collisions between the light photons and molecules of the substance.

Syppose 3 molecule of mass m in the energy state E_ is moving with a velocity v and is colliding
wid 1 light photon Av. Suppose this molecule undergoes a change in its energy state as well as in
s velosity. Let thus pew energy state be E_ and the velocity be v' after suffering a collision. If we
woly the pnnciple of conservation of energy, we can write

E + anv: ¢ Ay = F.‘ + Umv? 4 by
ko can be casmly proved that the change in velocity of the molecule is
oquadon (4.11) may be wnitten as

E, +hv= E, + Ay’

@1
practically negligible. Thus,

4.12)
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T equation (4.13) three cases may arise -

KE = . .
;&E‘,-E o te utqucnc,\“dxt’tcrcncc (Raman shift) Av (1.e (Ep~»E Vhs zero. 1t means that v/ v and
. refers ft{thc unmodified lme where the molecule stmply dc?lccts the photon without recetving
N ¢oegy from 1t The collision thus being elastic 1s analogous to Rayleigh scattering.

o Ben vy which refers o the anti-Stoke's lines. It means that the molecule was previously

0 the Yo o . .
the m““"d Stte and 1t handed over some of its intrinsic energy to the incident photon. Thus,
fered photon has greater energy.

WOR <E R
e, g 0 V<. This ¢ orresponds to Stoke's lines. The molecule has absorbed some energy
consequently the scattered photon will have lower energy.

o the photons ang
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As the change in the intrinsic energy of the molecule is governed by the quanng-, aley . .
Wﬁtﬂ 'o.’x{ .
EP Eq = % nhv,
where n=1, 2, 3,..... etc. and v, is the characteristic frequency of the molecule In the Wi,
when n=1, equation (4.15) becomes as o
vi=yt v,
From the above equation it follows that the frequency difference (v-v') between the - ..
scattered photon in the Raman cffect corresponds to the charactenstic frequer Y v s
molecule. The Raman lines are equidistant from the unmodified parent line on the erthy, dide
distances equal to the characteristic frequency of the molecule and they refer 1 e .o
absorption lines of the scatterer.
The Rayleigh scattering and the Raman scattering are shown schematically in Fig 4 3
4 |
...... e [
hv hv' hv hv' hv hv'
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Stokes Rayleigh Anti-Stokes
v v=v' vev
(Av<D) (av=0) (av<0)
ﬂ“mmu““l l”’l Ilﬂl il
Raman Rayleigh Raman
Scattering Scattering Scattering :
(Stokes's Line) (Anti-Stokes's Ling) |
Fig. 4.4 : The Rayleigh Scattering and the Raman Scattering.
We can write Eq. 4.12 as follows :
} Thi EP‘quh (=v) =hAvp, = he Av
“ 4 Olgom‘ﬁfl In frequency (1-+) are called Raman shifts. The Raman shifts fall in the range o=
3 "W em for vibrational energy changes. Their values are smaller for rotational energy ¢hang®
Since v = /A we have
- 3
v (in cm") = 10
l(in A)
—



ko Spec;roscopy -
3 Hence, Raman shiaft (\I\ cm—\) is given by
- \08 _ ‘08
Av = holimA) A ™ x)

whete A, 1s the wave length corresponding to the excitin

(4.16A)

2 (i‘ncident) frequency'
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