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Crystals of the 1 3 adduct of lodoform and sulphur (CHIJ~~SB) have been found to cxhrblt a strong clcclro-opf~c cffcct. 
The values of the hncar Pockcls effect cocfliclents dclcrmrncd by usmg a modulation technique arc. lr12 I = (4.4 f 2 4) X 
lo-l2 m/V and 1rt3 - 0.5iZrsS1 = (0 29 * 0.12) X IO-l2 m/V A comparison of ihc electro-optlc suscepttblhty derived 
from these data with that deduced from powder sccond-harmoruc gencratlon tests shows the cleclro*ptlc phenomenon to 

bc mamly of elcctromc or&. 

Molecular crystals built of highly polanzable mole- the presence of a dynamic dlpolar disorder in the 
cules nre attractive materials for non-hncar optics due crystal lattice [4,5] whtch, if ordered, would be de- 
to the values of the second-order susceptibilitlesdak scribed by a polar P63 group [6]. However, in at least 
being markedly higher * than those for typical inor- two addition complexes, 1: 3 iodoform-sulphur [7] 
ganlc electro-optic crystals [I]. However, since for and 1: 1 iodofonn-hexamethylenetetramine [8], the 
symmetry reasons all components of the tensor dilk lodoform molecules are futed in noncentrosymmetric 
van~sl~ m centrosymmetrlc crystal space groups, high structures, the intermolecular interactions preventing 
hyperpolanzabilities of orgamc molecules can be ex- the iodoform motions responsible for the disorder. 
ploltcd only If the crystal structure is noncentrosym- We found 191 that both complexes exhibit efficient 
metric. Moreover, even in such a case the cgstal non- generation of the second harmonic of a Q-switched 
lineanties are generally much iower than those which Nd; YAG laser when in powder form. Here, we present 
could have been obtained had the molecular orienta- a report on the linear Pockels effect measurements in 
tions been optimized [2,3]. crystals of CHI,.3S,. 

One possible approach towards the preparation of 
materials having better non-linear properties is that of 

choosing a molecular entity of a high hyperpoltiiza- 
bihty and embedding it into a suitable matrix. We re- 
port here on a higUy non-linear crystal obtained in 
such a way, namely, by complexing the simple but 
highly polarlzable molecule of iodoform (CHI,) 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 them- 
ducing electnc field by P, = dl,klkEI&k. 

Crystals of the iodoform-sulphur complex are tng 
on.ti R3rn, thus the matrix of the linear Pock& ef- 
fect coefftclents has the following non-zero elements: 
‘12 = -r72 = ‘61,‘13 =‘23,‘33 and r42 =rSl (e.g. 
ref. [IO]). Application of an electnc field described 
by the fector F/ should result in a modlficahon of the 
refractive index elhpsold according to the equation 

1101 
A,z,T2 = ri,F, , (1) 

where i = 1 to 6,j = 1 to 3. Our measurements of the 
Pockels effect were performed usmg a simple modula- 
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tmn technique in which paralleleplped-shaped samples 
of the complex were used and the electric field 
(square-wave voltage up to 1.7 kV, :OO HZ) was ap- 
p!led transversely to the light path. The samples cut 
parallel to orthogonal x. y, z Pockels tensor axes (z 
bemg the crystal three-fold axis and they axis lying 
in the symmetry plane) were mounted in an optical 
system consrsting 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- 
stty of light transmltted through the system. The ac 
component could be observed directly usmg a scope 
or detected with a lock-in amplifier. 

Simple cons!derations show that for the 3m pomt 
group the r12 coefficient can bc deterrmned by ob- 
serving the modulation of light transmitted along the 
z directlon of the’crysta! with the electric field apphed 
either In the x or m tiey directlon. The electric-field- 
mduced phase retardation is then given by 

r= (2mL/A))n~r12F, (2) 

where A!. IS the length of the light path. The value of 

the phase retardation IS convemently deternuned 
when the light beam entering the sample is made clr- 
cularly polarized (with the quarter-wave plate) and 
the analyzer IS positioned at 45” to the duections of 
the electnc field Induced axes of the xy secuon of the 
mdicatnx (the section being circular m the absence of 
the field). The ratio of the ac and dc components IS 

then simply equal to sm r. Alternatively, the ‘12 co- 
efticJent was determined by applying the field in the 
y directIon and passing the hght in thl x dlrection. 
Applymg the electric field in the z direction and 
passtng the light in either thex ory direction one can 
measure the &ffererce r13 - (IIz/n:)r33 = r13 - 

0.5 1 2r33 _ Unfortunately, there is no simple way of 

determining the value ofr42 smce 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 hterature or calculated from 
the present results. it should be mentioned that the 
relatively large spread of values of r has arisen from 
differences tn 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-optlc crystals [12], the crystal quality may be de- 
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Table 1 
Propcrtles of the lodoform-sulphur complex 

Refraclwe indwxs 
589 nm 3) 650 nm a) 632.8 nm b, 

n1 = 112 2.2528 2.2285 2.2345 

R3 1.7951 1 7860 1.7883 

Pock& effect coefficients 
Irl,l = (4.4 t 2 4) X iO_” m/V 
crawl-- 0.S12r33~ = (0.29 2 0 12) x lo-l2 m/V 

Elect 
Y?O 

-optic susccptibllmcs 
id*, I= 55 x 10-l’ m/V 
I&Jo1 = 2.3 X 1 O-l2 m/v c) 

a) Ref. [tt]. 
b) Interpolated usmg a smglc-term SeUmcrer cquatlon. 
c) Assuming lr331 < Ir J3 I. 

ciswe for obtammg large values of the electro-opttc 
coefficients. Taking into account results obtamed on 
the best of eleven crystals studed, one can suppose 
that the average values gtven in table 1 may be too 
low by a factor of two. 

The relatively large value ofr12 m&es the lodo- 
form-sulphur complex a reasonably good electro- 
optic crystal. The half-wave voltage for transverse 
electro-optic modulation and for the L/D ratlo equal 
to umty (L being the light path andD being the dls- 
tance between the electrodes) IS equal to 

v,/, = 7m+t2 > (3) 

and from the values in table 1 there results a half- 
wave voltage of=:6 kV. This is one of the best values for 
an organic molecular crystal, a much lower value of 
1.3 kV being gven only for 2-metbyl4-nitroaniline 
(MNA) [12]. 

For all the molecular electroaptic crystals investi- 
gated to date, It has been found that the major part 
of the electro-optic effect in these materials arises 
from the electromc contribution. Therefore, the elec: 
tro-optic susceptibility dEO is approximately equal to 
the non-hear susceptibility ca.lcuIated from the 
second-harmonic generation experiments dSHG (this 
is correct as long as resonance effects with 0ptKaI 
transitions, both at the fundamental frequency and at 
the second harmonic, can be neglected). The com- 
ponents of the electro-optic susceptlbllity tensor may 
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be calculated from the equatron [3] 

(4) 

given here m SI units, where E,, denote components 
of the dielectric constant tensor. The largest compo- 
nent of the dEo matrix: ld~lt I, or Id21 I In shortened 
notation, is equal to a-55 X IO-‘* m/V or 130 X 
10mg esu **_ On the other hand, since the powder 
SHC efficiency of rodoform-sulphur has been found 
to be approximately equal to that of m-nitroandine 
[9], the average non-linear susceptibility for the SHG 
phenomenon may be estimated to be ~40 X 10-l* 
m/V or 100 X 10m9 esu. Thus, the dispersron of the 
second-order suscephbrlity In iodoform-sulphur does 
not seem to be h&r and It can be concluded that both 
the SHG and the linear Pockels effect onginate from 

non-linearities of the electronic polarizability of the 
rodoforrn-sulphur entitles. Quantitatively, the molec- 
ular property responsible for crystal non-linearities is 
the hyperpolarizabrhty p. The unit cell of CH13 -3s~ 
contams only one molecule of @re complex wrth the 
todoform molecule on the trigonal axrs and the sul- 
phur molecules in mirror planes. Smce the molecuIar 
axes coincide wrth the crystal axes [7], the re!at:on 

between d and /3 is parttcularly simple: 

(5) 

where V is the unit cell volume and the fi s-ad for 
local field correctron factors (cf. ref. [3]). Approxi- 
mating roughly the latter with Lorentz local field fac- 
tors, one can get -83 X 10M3t esu as the l&22I = 
lflzt 11 component of the hyperpolanzability tensor. 
One should note that thrs value IS lower than, e.g., the 

** Using d(hiKS) = z n x lO*d(esu). 

hyperpolatiabilrty of the p-mtroanilme moiety [ 131, 
~345 X 10W31 esu,p-nitroaniline being the parent 
molecule of MNA. However, m MNA and many similar 
crystals, the net crystal non-linearity arises from pro- 
jecting molecular hyperpolarizabilities on crystal axes 
and is thus reduced while, due to the peculiarity of 
the crystal structure of CHIS-3Sg, the full value of 
the molecular hyperpolarizability is made use of m 
this material. 
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