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The Magnitude of the Optical Amisotropy
of the DBenzene and Cerbon Disulfide Molecules

as Determined by Light Scattering in Solutions
M. F. Vuks and V. I. Yelfimov

Analysis of experimental date on the scatcering of light in liquids has
showmn that deviation of the intensity of the anisotropic scattering from the
quentity calculated from the gas theory is due to the presence in the liguid
of short-renge orientative order. From this point of view it has been possaible
to explain the experimentally observed change in intensity of the anisotropic
light scattering in liquids during heating by assuming that the -xisting
short-range order is gradually destroyed.

In order to uske a further, more thorough examination of these assumptions,
we undertook an investigation of the intensity of anistropic light scattering
in liquids, inssmuch as we must expect that the process of solution should
lead to the same result as the process of heating. We should find a decresse
in the orienting interaction and a destruction of orientative order.

Together with 1. A, Bogdanov, we measured the intensity of the snisotropic
acattering for a seriea ot molutions of nitrobenzens, phenol, and aniline.
These measurements justified our assumptions. They showed that the intensity
of the anisotropic scattering of solutions of small concentration is deter-
mined, if we exzlude certain perticuler cases, by the optical anisotropy of
the isolated mclecules of the dissolved substance, and cen be represented in
the form of a sum of two parts—scattering from the free molecules of the
solute sccording to gas thzory, and the scettering from the solvent considered
es a pure liquid.

Ren = Rin + B = 235 (552) (vt 4+ Mle0).- ()

liere R,, is the constant for anisotropic Rayleigh scattering of the solu-
tion; Ran and Riy are the constants for the anisotropic scattering by the
solute molecules and thos= of the solvent; n is the index of zefraction of
the soiution; N’ and N” are the nuwber of molecules of the solute wnd solvent
per ca® of solution; Y* is the optical enisotropy of the isolated molecules
of the solute; and Yggs is the effective optical snisotropy of the molecules
of the pura solvant determined by the formula (2) for the pure liquid.

8013 (M4 2\1,,.8
B"—’F."E'\—T‘) WANTE . (2)

“The sigrificance of the investigetion of the light scattering in soluticns
is not limited by what was aaid st the beginning. By this invescigation we

_This tramslation waa prepared for the Netional Sciemce Foundation by the Fussian
Science Translatica-Dicticmary Projact, Columbia Univeraity. It has bsen raproduced
direct from copy aa subwmittad to 30 Tachaicai Taformation Servica, United Statea
Atomic Energy ission. . .

Priated 12 USA, Price 10 Cents. Availabla from the Office of Techmical Services,
Depaztmsuc of Cosmerce, Washingtom 25, D. C.
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have at the same time established a new method for determining the optical
anisotropy of molecules.

It is easy to understand that liquids with #8 small an optical anisotropy
a8 possible should be taken as solvent. The smeller the anisotropy of the
scattering of the solvent, the smaller the concentration of the solute thet
cen be examined. One should teke, if possible, such concentrations timt the
scattering from the solute molecules is larger than that of the solvent.

In the present peper we are extending the investigations begun esrlier to
new spzcimens — benzene and carbon disulfide. These asubstances are of consid-
erable interest since the optical snisotropy of benzene and carbon disulfide
molecules is quite well known on the basis of the deta on light scattering
and the Kerr effect in vapors. Thus our results here may be compared with
those obtuined in these previous investigations.
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Fig. 1. Intensity of anicotropic scntterinﬁ of benzene solutions. A: { in
carbon tetrachloride, 2 in cyclohexane, 3 in heptane. B: { in alcohol, 2 ia
ether, 3 in acetane.

As solvents we used the same liquids we used previoualy: carbon tetra-
chloride, cycichexane, heptane, ordinsry slcohol, ethér, and scetone. In ad-
dition, carbon disulfide was inveatigated in benaene solutions. Benzene was
irveatigatad in concentrations from § to 20 percent, carbon disulfide from
3 to 10 percent. The density and the index of refraction were calculated by
the sdditivity rule. We shall not go into the details <f the experimental
procedure since it is similar i~ all respects to that deacribed px:evim.uly.l

Let us conaider our results, which are presented in the graphs in Figs. 1
and 2. The sbscissa represents the volume concentrations of benzene and car-
bon disulfide, and the erdinate is used to represent the intensity of the
snisotropic scattering with respect to benzene. In order to obtain the scat-
tering constant, we must multiply the plotted numbers by 5.5 x 107°.

According to the theoretical formula (1), the curves of the dependsnce of
the intensity on concentrstion sust deviate from the straight line, bending
slightly upwmard, by approximstely 1 percent for benzene sclutions and by 2
percent for carbon disulfide solutions.

For tenzene we found in five solvents a practically linear dependence for
the vhole range of the concentrations used. Only in the sixth solvent,
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cyc lohexane, did the last point fell slightly below the straight line. Table
1 gives the magnitude of the optical anisotropy of benzene molecules calcu-
lated from the straight-line portien according to formula (1).

Table 1. Values for the optical molecular enisotropy
of benzene &nd carbon disnlfide determined by light acat-
tering in solutions (YZ X 1048),

Solvents

Substance in § iy
. M ﬁ»Eh
solution © ol v v g |ei
S1El5 |5l 8|88l a82s
AR AR AR R EA) For
Sl ol=l= o) sl &) & |&89%

Benzene . . |31 [34{35| 28|31 {3t|—]33]35:5

Carbon di- 1% °
sulfide. .| 88 | 91 {02 | 88|62 {9194 |04 |92

The sxperimental points for solutions of carbon disulfide also fall very
well on straight lines. The values obtained for the optical anisotropy of
rolecules of cerbon disulfide are shown in Table I. In addition, Table 1 con-
teins the anisotropy of the carbon disulfide molecule in a benzene solution
found in the investigation of a IU percent solution. The intensity of the
sntgotropy of the scattaring was 1.57.
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Fig. 2. Intenaity of anisotropic scattering of aolutiona of carbon disulfide.

A: { 1n cavbon tetrachloride (points), 2 in cyclohexane (trianglsa), 1 in hep-
tane. B: { in alcohol, 2 in ether, 3 in acetone,

All the results cited were obtained at 20 degrzes. Many solutions were
heated to 50, and some to 80 degrees. Messurements showed that during heat-
ing there is little change in the intensity of the anisotropic scattering.
These changes take place in rather good agreement with the formula (1) so
that the optical anisotropy of molecules in solution remeins practically un-
changed.

As the dats in Table I show, the magnitude of the optical :misotrop; of
the benzene molecule in different solvents varies from 31 to 35 x 107*°,
vith the exception of the solutions in alcchol. The average value is 33x 107*°%,
The anisotropy of the molecules of carbon disulfide varies from 88 to 94
x 10°*®, with the average at 91 x 107*°,
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It is of interest to compare cur data with the data obtained from inves-
tigation of the scattering of light and t.he Kerr phenomenon of benzens and
zarbon disulfide venors. The values given® for the principal polerxzabxhnes
of benzens snd carbon disulfide molecules are 63.5, 123.1, 123.1 X 1072% and
55.4, 151.4, 151.4 x 1072°, From these we obtain for the optical en;sotropy
of the benzene and carbon disulfide molecules the values 3.5 x 107*® ond
92 x 10 *®, respectively. Qur data agree sufficiently well with the latter,
particularly in the case of carbon disulfide.

Some solvents seem to exert a small influence on the optical anisotropy
of the molecules of the solute. Thus, for instance, in alcohol solution the
anisotropy of the benzene molecules is slightly smaller than in other scl-
vents. We obtained in benzene the value of 28 X 10°*®. This devistion is ob-
viously outside the limits of experimental error. In t.hia case we are ir -
clined to attribute the lowered vaiue for the anisotropy to the incomplete
molecular solubility of benzene in alcohol.

Trom the experimental data reported we can draw the following conclusions:

(1) The iritensity of the anisotropy of the Rayleigh scattering of light
in dilute solutions is determined, in suitable choice of solvent, by the
anisotropy -f the isolated molecules of the solute snd the effective enisot-
ropy in the liquid state of the molecules of the solvent, and can be calcu-
lated by & formula anmicgous to that for gases.

(7) The measurement of the intensity of the snisotropic part of the Rey-
leign scattering of solutions permits ur Lo determine the optical anisotropy
of the molccules of the dissolved substance. This canstitutes a new method
for the determination of the cptical enisciropy of molecules.

(3) The experimer.tal data obtained in this invistigation confirm the as-
susption that the deviations of the intensity of anisotropy of light scatter-
ing in pure liquids from the quantities given by the formule derived for
gases are due to the presence of short-range orientative order.

1“ F. Vukz and I. I. Bilenko, Zhur. ekspt]. i teort. fiz., 23, 105 (1952).
2G Styuart [St.uart.] Straktura molekul [Ioleculer Stmctuu] 1937.
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