
SOLVENT EFFECT ON RAMAN INTENSITY 

. H. J. BERNSTEIN 

National Research Council, Ottawa, Canada 

The observed Raman intensity in the liquid phase depends on several 
factors due to the arrangement ofthe apparatus as weil as on the geometrical 
refractive index effect g, the internal field effectj, and the effect L due to the 
intermolecular field. The observed intensity I is related to the intensity in 
the gas phase / 0 (considering only these factors) as 

1 
I oc --gf LI n o (1) 

where .!_is the correction applied by Polo and Wilson1 which arises because n 
the Poynting vector must remain invariant. Under ideal conditions of 
illumination2•3 : 

1 
g = 7z (2) 

The effective field strength at a polarizable cavity of radius a depends on the 
refractive index ofthe medium n, so that4 : 

( 
3n

2 )2 ( 2~2 _ 2 a ) 

4 

f = 2n2 + 1 1 - 2n2 + 1 X ·;s 
(3) 

The intermolecular field acts essentially to change the values of the 
polarizability and anistropy derivatives r.x' and ß' respectively, and we may 
denote L by: 

2 2 

45a' + 13ß' 
L = 2 2 (4) 

45o:~ + 13ß~ 
where oc0 ' and ß0 ' are the values of these derivatives in the gas phase. 

Experimentally, it is convenient to eliminate errors due to lack of rectili­
nearity in irradiation set-up by using illumination polarized in a direction 
perpendicular to the axis of the Raman tube. In this case we use 7 ß'2 and 
7ß0 ' 2 in equation (4) in place of 13ß'2 • 

If one makes the reasonable assumption (for non-polar molecules) that the 
polarizability in the presence of an intermolecular field E is related to the 
gas value oc0 by: 
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rx = rx 0 + bE2 

it turns out that the factor L for a band of species A in solution with B 
mölecules is given approximately by 

(5) 

Here CA is a constant dependent on the Raman band considered, and 
JA is the intensity per molecule ofthis band. 

The data of Pivovarov4 and Rea5 can be correlated very nicely by means 
of equation (5), so that it is possible to find the solvent effect by means of 
equation (5) on various Raman bands ofthe same molecule in solution. 

In a solution of A and B molecules ofvolume fraction: 

I tp gJ! qJ qJ 0 
A oc <pA -fA L!i. JA 

nif' 
(6) 

where VA is the volume of A in the constant volume Vand n(/1 is the refractive 
index of the solution. 

In practice: 

gX JA. is very nearly linear in cp. Also: 

nx 
LX ,..., cp L';.. + ( 1 - <p) J!l 

where L1 is the L value for an A.line in liquid A, and L! is the L value for an 
]if' 

A line at infinite dilution in B. Hence ~ is expected to be very nearly a 
'PA 

linear function of <p, as borneout by the data4•5• 

When the Raman intensity in solution is desired, one may refer all intensi .. 
ties of A to the liquid intensity, in which case one can form the ratio r"' 
given by: 

rif' 1: 1 l'A.fl Ll nA 
A =jA x-;;..- gAf~ LAx;;-

A 't' A A A f/1 

and correspondingly for a solvent line: 
Cf' 

IB 1 gP,fBif' LBf/1 nB 
r~ = jB X 1--,~ = gB .rB L B X-

B - 't' BJB B n(/1 

If there were no effects due to g,j, L, etc., both r1,_ and rP, plotted against <p 
would be horizontallines with the ordinate equal to one. In practice, these 
are very nearly linear with <p, and the value at infinite dilution gives: 
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gXf:L~nA 
g~JIJ.LIJ.na 

Af:ALA 
rl - .&.!LJLJi~ 

B - B fB'Lß 
gBJB BnA 

If one measures the intensity of an A line relativetothat of aB line, one can 
form the ratio Rq~ given by: 

R = _ll XI - ({J = fAqJ L~ I~_ 
"' ll CfJ fs (/) Ll I~ 

Since gA_ ~ for this internal intensity ratio. 

Again, for no contributions from g,f, and L, a horizontalline is obtained for 

RfP plotted against cp of ordinate /~ which equals the gas ratio, Rga$· 
Iß 

Fromequations (2) and (3), thevalueof~ f
1

A. can be shown to account for 
g; ~ 

only a small per cent of the observed variation in Rf/J with cp, and the conclu-
sion is reached that most of the intensity enhancement due to solvent arises 
because of intermolecular interactions. lf the experimental curve for RfP 
v. q> is extrapolated to infinite dilution, the following two intercepts are 
obtained: 

R =J!L~R 
0 J:L: gas 

R =f~f_~R 
1 j~L~ gas 

Values for r~, rjp R0, and R 1 as well as Rgas have been obtained experi­
mentally for carbon tetrachloride in hexane, and carbon disulphide in 
benzene. The results and preliminary estimates of the L values are given in 
Table 1. 

Table 1* 

I I l 
I 

LA LB rA 
A B RO RI A __A ~ I Rg.,l 0 1 --

Rgas 
LB LB LB 

rA rs Rgas B ß B 

Carbon tetrachloride . Hexane ~~ -:---:; 0·9 ~ 0·8~ 
--------

1·03 0·90 1·18 

Garbon disulphide I Benzene I 1·87 I 0· 79 I 1· 52 2·13 1·80 1·28 1·07 1·39 
I 

*In this table the value of Rgas is the observed value ~nd has not been reduced to intensity per molecule. 

The magnitude of L~ for the system carbon tetrachloride-hexane can be 
evaluated from a potential energy function using dispersion forces only. 
This agrees with the experimental values. For the system carbon disulphide­
benzene, however, only a quarter to a third ofthe observed intensity enhance-
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ment can be accounted for by Van der Waals interaction. This suggests 
that unsaturated solutes and solvents experience changes in polarizability 
derivatives which are due to the 11-electrons as weil as conventional V an der 
Waals interaction. The detailed presentation of this work will be published 
elsewhere. 
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