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Crystals of the 1 3 adduct of 10doform and sulphur (CHI3-3Sg) have been found to exhibit a strong clectro-optic effect.
The values of the hnear Pockels effect coefficients determined by using a modulation technique are. [rj21=(44 2 24) X
10712 m/V and 1r;3 — 0.512r331=(0 29 £ 0.12) X 10712 m/V A comparison of the electro-optic susceptibility derived
from these data with that deduccd from powdcr sccond-harmonic gencration tests shows the clectro-optic phenomenon to

be matnly of electronic origin.

Molecular crystals built of highly polarizable mole-
cules are attractive materials for non-lincar optics due
to the values of the second-order susceptibilities d ;.
being markedly higher * than those for typical inor-
ganic electro-optic crystals [1]. However, since for
symmetry reasons all components of the tensor d;z
vanish in centrosymmetric crystal space groups, high
hyperpolanzabilities of organic molecules can be ex-
ploited only if the crystal structure 1s non-centrosym-
metric. Moreover, even in such a case the crystal non-
lineanties are generally much jower than those which
could have been obtained had the molecular orienta-
tions been optimized [2,3].

One possible approach towards the preparatiop of
materials having better non-linear properties is that of
choosing a molecular entity of a high hyperpolariza-
bility and embedding it into a suitable matrix. We re-
port here on a highly non-linear crystal obtained in
such a way, namely, by complexing the simple but
highly polanzable molecule of iodoform (CHI3) with
sulphur. It should be noted that crystals of pure iodo-
form do not exhibit electro-optic properties due to

* The second-order crystal polanzation is related to the in-
ducing eleqtrc field by £; = dy k&) Ey.
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the presence of a dynamic dipolar disorder in the
crystal lattice {4,5] which, if ordered, would be de-
scnbed by a polar P63 group [6]. However, in at least
two addition complexes, 1:3 fodoform—sulphur {7]
and 1:1 iodoform—hexamethylenetetramine [8], the
10doform molecules are fixed in non-centrosymmetric
structures, the intermolecular interactions preventing
the iodoform motions responsible for the disorder.
We found [9] that both complexes exhibit efficient
generation of the second harmonic of a @-switched
Nd: YAG laser when in powder form. Here, we present
a report on the linear Pockels effect measurements in
crystals of CHI;3Sg.

Crystals of the iodoform—sulphur complex are tng-
onal R3m, thus the matrix of the linear Fockels ef-
fect coefficients has the following non-zero elements:
riz = —ra; =re1,r13 =r3,r33 and ryp =rsy (e.g.
ref. [10]). Application of an electric field described
by the fector F; should result in a modification of the
re fractive index ellipsoid according to the equation
[10]

Au,?'2 =ryFy,

€Y

wherei=1to 6,7 =1 to 3. Our measurements of the
Pockels effect were performed using a simple modula-
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tion technique in which parallelepiped-shaped samples
of the complex were used and the electric field
{square-wave voltage up to 1.7 kV, 100 Hz) was ap-
plied transversely to the light path. The samples cut
parallel to orthogonal x, ¥, z Pockels tensor axes (z
being the crystal three-fold axis and the y axus lying
in the symmetry plane) were mounted in an optical
system consisting of a HeNe laser, a polarizer, a quar-
ter-wave plate and an analyzer. A photodiode was
used to detect the dc and ac components of the mten-
sity of light transmtted through the system. The ac
component could be observed directly using a scope
or detected with alock-in amplifier.

Simple considerations show that for the 3m point
gioup the ry, coefficient can be determuned by ob-
serving the modulation of light transmitted along the
z direction of the'crystal with the electric field apphed
either 1n the x or n the 3 direction. The electric-field-
induced phase retardation is then given by

I'=(aL/Nnir»F , #))

where L 1s the length of the light path. The value of
tihe phase retardation 1s conveniently determined
when the light beam entcring the sample is made cir-
cularly polarized (with the quarter-wave plate) and
the analyzer 1s positioned at 45° to the directions of
the electnc field induced axes of the xy section of the
indicatnx (the section bewng circular in the absence of
the field). The ratio of the ac and dc components 1s
then simply equal to sin I". Alternatively, the ry9 co-
efficient was determined by applying the field in the
» direction and passing the light in th. x direction.
Applywng the electric field in the z direction and
passing the light in either the x or y direction one can
measure the differerce ry3 —-(ng’/n'i’)r33 =ry3 —
0.512r33. Unfortunately, there is no simple way of
determining the value ofry, since this coefficient is
responsible for some slight rotation of the indicatrix
only.

Table 1 shows the results obtained in this study,
together with other data on the iodoform—sulphur
complex taken from the hiterature or calculated from
the present results. It should be mentioned that the
relatively large spread of values of r has arisen from
differences in the values measured on various samples
of different optical quality. In fact, it can be antici-
pated that, as has been noticed for other organic elec-
tro-optic crystals [12], the crystal quality may be de-
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Table 1
Properties of the iodoform —sulphur complex
Refractive indices
589 nm3a) 650 nm ) 632.8nmb)
ny =13 2.2528 2.2285 2.2345
n3 1.7951 1 7860 1.7883

Pockels effect coefficients
Iri2l= (4.4 :24)x 10712 m/v
irizi—0.512r331=(0.29 2 0 12) X 1012 m/V

Electrrg-opnc susceptibiiitics
58 =55 x 1072 m/v

dEQ =23 % 1012 m/Vv ©)

a) Ref. [11].
b) Interpolated using a single-term Sellmeier cquation.
©) Assuming Ir33i < (r131-

cisive for obtaining large values of the electro-optic
coefficients. Taking into account results obtained on
the best of eleven crystals studied, one can suppose
that the average values given in table 1 may be too
low by a factor of two.

The relatively large value of 7, makes the 1odo-
form—sulphur complex a reasonably good electro-
optic crystal. The half-wave voltage for transverse
electro-optic modulation and for the L /D ratio equal
to unity (L being the light path and D being the dis-
tance between the electrodes) 1s equal to

Vipa=M2niry, €))

and from the values in table ] there results a half-
wave veltage of =6 kV. This is one of the best values for
an organic molecular crystal, a much lower value of
1.3 kV being given only for 2-methyl-4-nitroaniline
(MNA) [12]. .

For all the molecular electro-optic crystals investi-
gated to date, i1t has been found that the major part
of the electro-optic effect in these materials arises
from the electronic contribution. Therefore, the elec-
tro-optic susceptibitity 4EO js approximately equal to
the non-linear susceptibility calculated from the
second-harmonic generation experiments dSHG (this
is correct as long as resonance effects with optical
transitions, both at the fundamental frequency and at
the second harmonic, can be neglected). The com-
ponents of the electro-optic susceptibility tensor may
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be calculated from the equation [3]

d:‘;:/? =—- % lzm> ellrhnkemj » (4)
given here 1n SI units, where €, denote components
of the dielectric constant tensor. The largest compo-
nent of the dEO matrix: Idyjil,orldyim shortened
notation, is equal to =55 X 10~!2 m/V or 130 X
1077 esu **_ On the other hand, since the powder
SHG efficiency of iodoform—sulphur has been found
to be approximately equal to that of m-nitroaniline
[9], the average non-linear susceptibility for the SHG
phenomenon may be estimated to be =40 X 10—!12
m/V or 100 X 10-2 esu. Thus, the dispersion of the
second-order susceptibility 1in iodoform—sulphur does
not seem to be high and it can be concluded that both
the SHG and the linear Pockels effect onginate from
non-linearities of the electronic polarizability of the
1odoform—sulphur entities. Quantitatively, the molec-
ular property responsible for crystal non-linearities is
the hyperpolarizability 8. The unit cell of CHI5-3Sg
contains only one molecule of the complex with the
1odoform molecule on the trigonal axis and the sul-
phur molecules in mirror planes. Since the molecular
axes coincide with the crystal axes [7], the relat:on
between d and § is particularly simple:

dljk = V_l-f;-f}fk Buk s )

where V is the unit cell volume and the f; siand for
local field correction factors (cf. ref. [3]). Approxi-
mating roughly the latter with Lorentz local field fac-
tors, one can get =83 X 1031 esu as the |B5551 =
1851 1| component of the hyperpolanzability tensor.
One should note that this value 1s lower than, e.g., the

*¢ Using d(MKS) =27 X 10~3d (esu).
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hyperpolarizability of the p-nitroaniline moiety [13],
~345 X 10731 esu, p-nitroaniline being the parent
molecule of MNA.However,.n MNA and many similar
crystals, the net crystal non-inearity arises from pro-
jecting molecular hyperpolarizabilities on crystal axes
and is thus reduced while, due to the peculiarity of
the crystal structure of CHI3-3Sg, the full value of

the molecular hyperpolarizability is made use of 1n
this matenal.
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