RAMAN EFFECT

Wlale smdying the scateding ol light, Sie C, V. l|'¢J;!t|1|1n found that when & beam of
monochromane light was passed through organie liquids such as benzene, toluene, etc., the scattered
liaht contained other frequencies in addition to that of the meident light. This 15 known as Raman

Effect or Rnman scalleting

EXPERIMENTAL STUDY OF RAMAN EFFECT
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Figure 1: Experimental arrangoment to study Raman effect

The basic instrumentation -for obtuining Raman spectrum is shown in Figurel. The basic
mstrumentation consists of o glass wbe AB conmining pure experimental liquid, The tube is closed
at one end by an optically plane glass plate winch forms the wandow W and the other end is drawn
inin the shape of a hom H and blatkengel on the outside.

Light from a mercury are $ource S 15 first possed (hrough ¢ suitable filter F, which allows
only mencchromatic radiationof wavelenoth &= 4358 A to pass through it. The tube iz surrounded
by o water-jacket (J) through which water iz circulated to prevent over heating of the liquid becatse
of the proximity of the heated arc. A semi-cylindrical aluminum reflector R is used to increase the

intengity of illumination. The scattered light coming out of
W pusses thr -.'JUL_JI 4 lens L, which direcis the sealtored radiation upen the shit of the spectrograph and

the Roman lines are obtained on the photograplse plate, nfter o long tirne exposurs, This nhologrmph
ahiows in addition to the ineident line; Fiint lines <o either side of it as shown in Figure 2. The [mes
of fequency longer than thet of incident ridintions are called antistoke's lines and the lines o
foequency shorter than the incident madintions are ealled swoke's lines. A strong unmodified line 15
alsp present

It 15 séen in Raman spectram thin
1 The Steke’s lines pre always more intense than antistoke’s lines,
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Figure 2: Raman lines

Theory of Raman Effect:
Raman Effect is explained using quantum theory,

According to quantum theory of light, a wave ol
energy bv. When light falls on the ‘molecules of a solid,
collision with the molecule. There are two possibilities:

(i) If the collision is elastig, there is no transier of energy from the photon to the molzcule
and vice-versa. The photon is therefore scattered without any chunge of energy and the
frequency of the scattered photon i same as that of the incident photon. This explains the
presence of unmodified lines in Raman Effect.

(i1} If the eollision is inelastic, there is an exchange o
molecule.

Let a photon of t]u:gu.u:rn:.zI :u' collide with a molecule of energy Ey. After collision, let the
enerpy of the molecule be Ej e frequency of the scattered photon be v'. Here, change in Kinetic
cnergy of the molegule 15 assumed 1o be negligihle, According o the law of conservation of energy,

fi vt =+ %Hri*: +E =h IJ'+Eli;|nJ';I + K,

frequency v conslsts of photon, eich ol
ligquid or gas; the photon undergoes a

{ energy between the photon and the

Sipce there is no change in temperature duing collision, there is no change in kingtie energy

|

e = =-1-r|I||.-"'I
¢
shv+ B =hv+E,
or hv'=hv+E =L,

or 'rlxu' P S 1 (SR N A
MNow, three cases m:i_éc depending on the values of Ey and E;.
#) [ Eq= Eyi.e., there s no change in the energy of the molecule, then v
becomes elustic [Case(i)] ae—_
b) 1f E,> E; then equation (1) becaines

i E,"'El
=
f [

=v' i.e the collision
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Then, ' > v j.e., the frequency of the scatiered photon 15 hu,her than that of the
meident photon, T his explains the presence of anlistoke” £ lities on the higher

frequency or shorter- wavelength side of the Raman spectrum,

or ¥ = 4 whtfe Ay =

CHINE; = L1 then equation (1) becomes
— Bo—f
|.r = —_u_._
h
. E —E
or ' =v—Av where Ay = ——=

Then, ¥’ < v i.e., the frequency of the sl:atten.:d photon is less than that of the
meident photon, This explains the presence of modified stn]-:e‘s lines on the lower
frequency or longer wavelength side of the Raman 9.pectrum

Intensity of Raman lines

The molecules of a medium may be in different quantum states possessing different energics

Ey. Ez, Es etc. Assuming the validity of Boltzmann energy distribution in the case of molecules, we
may represent the number of molecules Ny in energy snati: E; by

N, =CN g, e AT

where € 15 a constant, N 15 the total number of molecules, g , is statistical weight of a state, K 15
Bolizmann constant and T is absolute temperature. '

) -5y
Al room temperature the energy E; of a molecule is small and thus & 4 will be very

high. Hence the number of molecules N; with low enerpy E; will be large in number, As a result, -
stokes transitions occur more f:"l:qur:nl[:r than antistokes. Thus stokes lines appear more intense than
antistokes lines

However, with the rise m u:mpr.mum: the kinetic energy of the molecules increases and

more molecules are raised to higher energy states. On account of this, the intensity of antistokes’
lines gradually increnses with increase of temperature.
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LPolavization of Raman lines &M + ‘F:*

Che exciting radintion is unpulnrls:{I Palovized lght l:un be datecred using A

- Temperature: Stokes lines are alwavs more intense than antistokes lines. Howey

Factors nffecting the intensity of Raman lines are;
Intensity of parent line: Intensity of Raman line can be expressed as u power of intensity of
paren line. For fxnmplc in gases, intensity of Raman ling 15 (141 l}l]ﬂ} of that of parent line and
in liquids, it is (1/100)™ of that of parent line.

. Nature of photographic plate used; To obtain good intensity, Phﬂlﬂgmphm plares 'Wi'l:hmif

sensitivity should be used.

- Wavelength of incident light: Seattered intensity is pmpurrmml to (1/A%) where L is the

wavelength’of incident light. Thus, it is desirable 1o used light of shorter wavelen,

of anti Stokes’ lines gradually increases with the “ise in lemperature,

- Polarization: The pnhn zed lines are sharp and intense while unpnlunan:l] s

and wenk

Some lines in Baman spectra ure Found o be plane i:-ulnﬂ?td {1] i.||| e '
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| The sime of polarization of o Raman Live is measured by n gunitity keowh i d Lkl

atliv ol intensities of hovizanial anel vertleal etmponents,
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e varies fram 0 ta 1 for parially polarized light, It varies

when incident Hght is vertically polorized, P

[ram 0 to (L86 (o Ramun specira. _ e y )
The polorized lines are sharp and intense while unpolatized lines are diffuse and weak,
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sications of Ra ullect: oy | . 1 hat il
L. A qualitative ientification of Raman spectrum consists in the evalustion ol the wavelength nd e
lines, their intensities and state of polarization, Investigation of bonil angles, bond SR

vibrations which do not show fip in IR spectea nppear in Ruman spectis and vice versa. This

endbles cross-checking. Further Raman lines show characteristios polarization effects. This

enables ane 1o obtain sdditional information about molecular structure, h

The combined use of IR and Raman spectroscopy ennbles the determination ol the shape of
the molecule T*'m' instance, itcan be found out whether trigtomic molecules of the type AB; nre
symmetrical (B-A-B) or ssymmetrical (B-B-A). Two examples are given below: =
|} €Oy has two very strong bands in its IR absorption spectrum at 66500 m'" and 234900 m

while anly one strong band in its Roman spectram at 138900m’". None of these bands occur
both in Raman and 1R spectra. This implies that the molecule is linenr and symmetric and hence
1t should be represented by 0-C-0,

i) Nitrous oxide (N10) has two strong bands at 222400 m™ and 128500 w in Raman spectrum
and three strong bands at 222400 m, 128500 m" and 58900 m* in IR apectrum, Thus the
molecule cannot have o centre of symmetry though it is linear
Hence the molecule has asymmetncal stracture N-N-C.

Thus the stady of Raman spectra of different substonces enables as (o elassily them

sceording to their molecular structung,

. Diatomie molecules such as Hz and 03 do not give IR spectra bul give Raman specira. The study
of Ruman spectru of these molecules gives information about the nature of chemical bond exising
between the atoms. By measuring the churactenstic frequency ol the molecule, the force constant
of the bond can be found. .

3. Varlous chemical effects like strength of chemical honds, electinlytic dissocintion, hydrolysis, ete.

have been undeistoad through Raman Effect.

4. Specific heat capacity of solids and brilliance of metals and their moleculnr structare have been

explained by Raman effect,

5. Ramaiy elfect is used 16 determine the binding force in erystals.

G, [t i wsed 1o study certuin aspects ol nuclenr physics such ns nuclenr spin and isotopie constitution

of the nucleus.
7. It is used 1o find out qualitative as well as quantitative identity of o particular substance in

-

A imixiure,
K. It is widely employed in the malysis of wramatic oils



