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Double-Photon Elastic Light Scattering by Liquids Having Centrosymmetric Molecules
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First measurements of double-photon elastic scattering performed on liquids with cen-~
trosymmetric molecules yield good agreement with statistical molecular theory of non-
linear light scattering. Studies of this new scattering are shown to allow determination
of the third-order molecular polarizability as well as its anisotropy, and to promise in-
formation on the structure of short-range molecular ordermg and electric properties of
molecules. .

Terhune, Maker, and Savage' performed the first observation of second-harmonic laser light scat-
tering (SHLS) in liquids whose molecules lack a center of symmetry. This communication reports
first measurements of double-photon elastic scattering (DPES or SHLS) by liquids consisting of mole-
cules having a center of symmetry in their ground state. The possibility of destroying the molecular
center of inversion, owing to time and space fluctuations of the molecular electric field F, led us to
predict this new scattering. This is particularly predictable in the case of liquids with molecules hav-
ing permanent electric quadrupole or hexadecapole moments capable of causing very strong fluctuat-
ing molecular fields in regions of shortest-range ordering in the liquid.? Such regions in general do
not possess a center of symmetry and thus cause SHLS. This is uniquely cooperative scattering by
" neighboring molecules whose positions and orientations are correlated.?:?

Theovetical considerations.—Consider a laser light wave of frequency w, and propagation vector kL
incident on such a liquid. The electric dipole moment M induced in the medium of volume V at fre-
- quency 2w, is®*® »
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C, 2‘”’(’ ) is the tensor of third-order nonlinear pohrlzabﬂlty induced in a molecule p at the frequen-
cy ZwL by the squared electric field of the light wave E“L in the presence of the molecular field F)
. due to the N-1 molecules surrounding molecule p with the radius vector T,.
With the light beam plane polarized, propagating at velocity ¢ along y and oscillating vertically, the
intensity components of light elastically scattered at frequency 2w, with horizontal (along y) and verti-
~cal (along z) oscillations, respectively, can be written in the forms (observation along x)
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where I, is the incident intensity, and
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In Egs. (5) and (6) we have ak= k ~2k,, where k, is the wave vector of the scattered second-harmon-
ic wave and T,,=T,-T, is the vector connecting the centers of the two scattering molecules p and ¢.
From Eqgs. (2) and (3), we define the depolarization ratio of second-harmonic scattering by
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1t is obvious from the shape of the scattering factors (5) and (6) that only cooperative SHLS is pres-
ent since, in the absence of molecular correlation, $2“Z and R?“L vanish. This is an important dis-
tinction with regard to SHLS by liquids consisting of molecules without centers of symmetry for which
we have both a nonsooperative part (isolated molecules) and a cooperative one,*3
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