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SYNOPSIS

The paper describes that a new technmique for evaluating the nonlinear optical susceptibility
using the total reflection can provide information other than the effective value of nonlinear
optical susceptibility for powder samples. The technique provides the elements of the
nonlinear optical susceptibility tensor d in spite of using powder samples. Additionally it gives
information about the orientation of the molecules in the crystal.

This technique for evaluating the nonlinear optical susceptibility is characterized by using
the evanescent wave as an incident wave, thus we call it the second-harmonic generation with

the evanescent wave technique (SHEW technique). The evanescent wave is produced by the
total reflection at the interface between a sample and a total reflection prism, and the second-
harmonic wave generates from the interface. The result of the conventional technique for
evaluating the nonlinear optical material in powder form depends not only on the efficiency of

the material, but also on the powder size and the birefringent phase-matchability. On the other

hand, the SHEW technique provides reasonable results even though using powder samples.

This is because the total reflection geometry avoids the fundamental and second-harmonic

waves passing through the samples thus the result does not depend on the phase-matchability

of the sample.

We have applied the SHEW technique to known organic nonlinear optical materials and
have demonstrated that it provides the effective d values. In this paper, firstly we applied the
SHEW technique to a single crystal where all the elements of its d tensor are measured for
showing that the SHEW technique can provide the d tensor elements. Consequently the

calculated value and the measured value agreed thus this result is the base of the analysis in the

application to the powder samples.

Secondary we have applied the SHEW technique to powder samples. In this case, the fine
crystals oriented randomly in all directions, thus we have to consider that the d value provided
by the SHEW technique is the spatially averaged value of each d element. This analysis allows

us more detailed discussion and provides the following results.



1) The Maker fringe technique 1s known as a useful technique which provides the d
elements. However, the requirement for a sample 1s so severe that even though using a single
crystal sample, unless the crystal surface is appropriate, it doesn't always provide the 4
elements. A new compound we have developed is just the case, as often shown in organic
molecular crystals which are difficult to cut and polish. Thus we combined the SHEW and the
Maker Fringe techniques and found that the molecule can be regarded as a quasi one-
dimensional molecule and obtained the d tensor elements.

2) We applied the SHEW technique to a mixture sample and obtained the molecular
orientation. There are many studies to control the crystal structure by mixing different
molecules. The molecular orientation of these compounds 1s difficult to characterize using X-
ray diffraction because of the difficulty of obtaining single crystal samples Thus we used the
second-harmonic efficiency to monitor the structure change. However, the conventional
powder technique cannot measure the second-harmonic efficiency quantitatively. It can only
tell whether the sample has a center of symmetry or not, thus it cannot lead to a detailed
discussion. In this paper, instead of the conventional technique, we applied the SHEW
technique which can provide the d value for powder samples. By comparing the calculated
result we found that the molecules are aligned parallel 1n the fine crystals.

In principle this technique can be applied to any materials lacking a center of symmetry even if
it is not developed as a nonlinear optical material. This technique provides information

about the crystal structure of compounds which are difficult to crystallize in single phase,
that is, the SHEW technique is expected to contribute to the crystal engineering.





