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We have carried out a theoretical and experimental study of the photoinduced impurity 
electrical conductivity in a nematic. We have shown that in the case of nonuniform irradiation 
charge-density lattices appear in the medium as well as the corresponding static field 
lattices which are comparable with those occurring in solid photorefractive crystals. The 
reorientation of the directrix of the nematic produced by these fields gives rise to an 
optical nonlinearity which is larger by three orders of magnitude than the optical orientational 
nonlinearity of nematics. 

1. INTRODUCTION 

It is well known (see, e.g., Refs. 1 and 2) that liquid 
crystals, especially nematics, can easily be reoriented by 
external electric fields and that this, in conjunction with 
the large anisotropy of the refractive index, makes it pos- 
sible to produce all kinds of electro-optical modulators 
(displays),' which in the case of a reorienting optical field 
leads to a very strong cubic nonlinearity of the medium- 
the so-called optical orientational nonlinearity of nematics 
  ON).^ 

On the other hand, in order to induce optically a re- 
orientation of a nematic it is not necessary to achieve this 
just by the action of the wave itself. It is, for instance, 
sufficient to use radiation to exercise control of an external 
static or radiofrequency field, applied to a nematic layer 
such as that used in the so-called optically controlled 
liquid-crystal tran~~arencies.~ Another possibility consists 
using the radiation of a static field in the medium itself for 
the induction. Such fields are very widely known4 in solid 
photosemiconductors ( photorefractive crystals). The 
cause of their formation lies in the optically induced charge 
distribution in the case of spatially inhomogeneous illumi- 
nation of photorefractive crystals. There are two basic 
mechanisms for such a distribution. The first of them is 
connected with the so-called photovoltaic effect which re- 
quires for its existence at least a medium without central 
symmetry. The second one is connected simply with the 
diffusion of minority carries which are produced when 
nonuniform radiation is present and can be realized fully 
even in an isotropic medium, in fact, in a medium of prac- 
tically any symmetry. The only requirement for its exist- 
ence is a photoconductivity with a sufficiently localized 
intensity-dependence of the carrier density (in order that 
the spatially inhomogeneous intensity produces a spatially 
inhomogeneous carrier density); moreover, the carrier 
density itself must be sufficient for the conductivity u to be 
significantly larger than that of the dark current, o)ud, 
while the Debye radius rD for the screening of the carriers 
must be much smaller than the characteristic scale of the 
intensity variations (in actual cases-the period of the in- 

terference picture with wavenumber q: qrDg 1); see Refs. 4 
and 5. 

It is well known that this static field can be several 
orders of magnitude larger than the amplitude of the field 
of the optical wave itself which excites it. It is thus reason- 
able to attempt to excite this kind of field in a nematic 
which must lead to an extraordinarily strong optical non- 
linearity being several orders of magnitude larger than the 
ON. The present paper is devoted to a study of the possi- 
bility of such a process (we call it for the moment the 
photorefractive nonlinearity of a nematic). 

2. ESTIMATES FOR THE POSSIBILITY OF PHOTOINDUCED 
CONDUCTIVITY (PC) IN A NEMATIC 

Although photoinduced generation of charges in a liq- 
uid has recently been studied quite intensively, there are 
not many discussions (see, e.g., Refs 6 to 8) of photoin- 
duced conductivity and photovoltages in nematics. On the 
whole the picture here is the following. Firstly, in a liquid, 
as in any translationally disordered system, ionization of 
the molecules by optical quanta is impossible (the corre- 
sponding ionization potentials are tens or hundreds times 
larger than the energy of an optical quantum). Apparently, 
as far as one can calculate things, the only feasible goal for 
realizing PC in a liquid is a selective heterolytic dissocia- 
tion of molecules (or molecular complexes) from optically 
excited states accompanied by recombinations into the 
ground state. Clearly, for this process to be efficient it is 
desirable that this excited state have a long lifetime. Hence 
follows the proposal (which, in fact, was realized experi- 
mentally, see below) to use laser dyes as absorbing impu- 
rities in the nematic with a pumping wavelength corre- 
sponding to the radiation used (in the actual experiment 
rhodamine 6G (R6G) solutions in a 5CB nematic). It is 
well known (see, e.g., Ref. 9) that these dyes after excita- 
tion partially make a transition to long-lived ( T Z  lo-' s) 
triplet states so that during the lifetime of a molecule ex- 
cited in the triplet state it undergoes lo3 to lo5 collisions 
with the molecules of the solvent and can very well form a 
complex with them if this is thermodynamically stable. 
Moreover, it is well known9 that in a number of cases 
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(depending on the actual properties of the molecules of the 
dye A and the solvent S) a selective complex formation is 
possible in an excited state of a polar complex (A'S') 
which is unstable in the ground state and which dissoci- 
ates, sometimes heterolytically, after deactivation: 

It is clear that a quantitative description of the kinetics 
of such processes is difficult and requires knowing a mul- 
titude of microscopic parameters for a given "solvent-dye" 
pair. The estimates given below must therefore be consid- 
ered only as an indirect confirmation of the possibility of 
the PC observed by us (see next section), i.e., simply 
stated, as arguments in favor of this PC not being an arte- 
fact. 

Thus, the rate WT of generating molecules excited in 
the triplet state by radiation is 

Here p is the quantum luminescence efficiency, a (in 
cm-I) is the absorption coefficient of the mixture, I (in 
erg/cm3s) is the intensity of the radiation, and o is its 
frequency. For our estimates we consider only the steady 
state of the process, so that we have WT= Wd, with Wd 
the rate of generating deactivated unstable A-S+ com- 
plexes. We assume here additionally that all A*, form com- 
plexes, so that during their lifetime they undergo many 
collisions with S (see above). Furthermore, we have 
Wd= WA+ WA-, i.e., the rate of generating triplets is 
equal to the sum of the rates of the heterolytic and ho- 
molytic dissociation channels. Whereas the latter hardly 
involves activation, the first one is connected with over- 
coming a Coulomb barrier so that 

Here R is the equilibrium distance between A- and 
S+ in the complex and E is the dielectric permittivity of the 
medium. The rate at which charge carriers are generated is 
thus 

The stationary carrier density is thus determined by 
equating the rate of the binary ion recombination Wr to the 
rate W, at which they are generated: 

Wr=yn+n-, ySlr DR,, RsSlr2/&kbT. ( 3 )  

Here y is the constant for the recombination which occurs 
in the liquid in the diffusive regime, estimated in the usual 
way where the radius Rs of the Smoluchowski sphere is 
estimated from considering the kinetic energy and their 
binary interaction potential energy of the ions to be equal; 
D is the diffusion coefficient; and n* are the positive and 

negative ion densities-in a spatially uniform case we have 
n+ = n- =n. The balance equation for the ions then has the 
form 

and in steady state we have 

For our estimates we use the following set of 
which are typical for a liquid crystal and 

R6G: E Z  10, ~ ~ 0 . 9 5 ,  D z ~  x lop6 cm2/s, a ~ 3 0  cm-' (a 
40% absorption in a 100 pm layer); and R z 2 0  A. The 
diffusion coefficient was taken here for self-diffusion of 
nematics; the ionic one is, of course, smaller so that we get 
a lower bound for n; there is, of course, a large arbitrari- 
ness in R but in view of the large size of the R6G molecule 
its value is rather realistic. 

Moreover, here and henceforth up to the calculation of 
the reorientation of the nematic we neglect the anisotropies 
in E and D which would significantly complicate the cal- 
culations without, however, introducing any qualitatively 
new effects. 

For the parameters given we get from Eq. (5): 

for 1 ~ 2 0 0  mw/cm2, 

which is close to the experimental values. The conductivity 
of the medium must here be of order 

We have used here the familiar Einstein relation be- 
tween D* and the mobility p * of the ions. Such values of 
u are 10 to 100 times larger than ad of well purified nem- 
atic~. As regards r~ for a given n it is equal to 

r,= (g) lR=6 - lop5 cm, 

i.e., permissible without saturating the space charge4,' of an 
interference pattern with a period of A26 pm. The esti- 
mates (6) and (7) thus indicate the possibility of inducing 
in the medium the required PC by relatively weak light 
fluxes. 

We note once again that these estimates by themselves 
are more than approximate, they use only one of the pos- 
sible scenarios of the process, and also a number of not 
fully justified assumptions. Their usefulness would be close 
to zero, except that there are experimental results which 
agree rather well with them. We turn to a consideration of 
those. 

3. EXPERIMENTAL OBSERVATION OF PC IN A NEMATIC 

In the experiment we used samples of thickness 
L = 100 pm of a solution of R6G in the 5CB nematic with 
densities of 0 to mole/l. The glass surfaces of the cell 
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were covered by standard transparent Sn02 electrodes on 
which we reached a homotropic orientation of the nematic 
without any additional processing of the surface. The re- 
sistivity of the sample was measured by an E6-13A terao- 
hmmeter. The sample was illuminated by the radiation 
from an argon laser (A=0.4880 pm) with an intensity 
which was uniform throughout the sample. Teflon separa- 
tors between the surfaces guaranteed a resistivity of the 
unfilled cell of more than 2 GR. The intensity of the radi- 
ation varied in the range from 10 to 400 w/cm2. 

Qualitatively one can reduce the results of the experi- 
ment to the following. We recorded an increase in the 
conductivity of the sample for the above parameters of 
more than a factor 10 as compared to the dark conductiv- 
ity, ud=1.5X lo-" (R cm)-'. These changes were at- 
tained for samples with R6G densities producing an ab- 
sorbed energy fraction of order 40%. 

In order to check whether these changes were the con- 
sequence of the heating of the sample through absorption 
we placed the sample in a thermostat and removed the 
temperature dependence of its resistivity down to the tran- 
sition to the isotropic phase in the absence of illumination. 
The result showed that to within 5% ad was independent 
of the temperature. 

There is a discussion in Ref. 5 of an observation under 
experimental conditions similar to ours of very large (up to 
a fraction of a volt) photoinduced voltages in cells with 
nematic mixtures, in particular, homologs of 5CB. Al- 
though those results are rather odd (where a polar signal 
comes in a centrally symmetric medium with symmetric 
boundary conditions, the identical electrodes in Ref. 5, is a 
mystery), nonetheless the presence of such signals could 
significantly distort our measurement of u. We therefore 
carried out a separate check of the presence of such volt- 
ages when our samples were illuminated and we estab- 
lished that they were not present, to an accuracy of (1 pV. 
It is clear that, if we take into account that the measuring 
voltage applied to the cell was on the order of 0.5 V, there 
is no such error in our measurements. 

We carried out measurements of the dependence of the 
conductivity of the mixture on the R6G density C for a 
given intensity of the radiation. The results are given in 
Fig. 1. It is clear that we observed a monotonic increase in 
o(C) up to densities corresponding to a concentration 
quenching of the luminescence of R ~ G . ~  This form of func- 
tion in conjunction with the long times (on the order of 
one to tens of seconds) needed to establish u indicate the 
ionic-drift (rather than, say, exchange) nature of the con- 
ductivity, the more so since in the case of exchange con- 
ductivity u there should be a percolation limit for small C 
which is not observed experimentally. 

We show the function a( a) for given C in Fig. 2. It  
is clear that it is linear within experimental accuracy, while 
the absolute values of u are completely satisfactorily in 
agreement with the estimate (6) so that, apparently, not- 
withstanding the roughness of these estimates they are 
close to the true values. 

One should especially note that the measurements of u 
were carried out for a direct current. Attempts to repeat 

FIG. 1. The electrical conductivity of the mixture as function of the R6G 
density: 1-Z0=65 mw/cm2, 2-Zo=165 mW/cm2, 3-Zo=225 
mw/cm2. 

the measurement with alternating current failed because of 
the anomalously large ( =: 1 pF)  capacitance of the illumi- 
nated cell which shunted its active resistivity even for fre- 
quencies on the order of 50 to 100 Hz. Such values of the 
capacitance for a cell area of 1 cm2 are an additional indi- 
cation of the electrolytic nature of the PC. Preliminary 
estimates show that they are theoretically possible for the 
R6G densities used when the ionic recombination con- 
stants at the surface of the electrodes are very low (of 
order cm/s). 

Thus we apparently have PC with a completely suffi- 
cient carrier density when the conditions o) ud and qr,( 1 
are satisfied. We still need to elucidate whether the local- 
izability of this PC for a spatial charge distribution under 
the action of radiation with a spatially inhomogeneous in- 
tensity distribution (interference pattern of two waves) is 
sufficient. 

FIG. 2. The electrical conductivity as function of the radiation intensity. 
The R6G density is C=0.63 moleA. 
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4. CALCULATION OF THE FIELD OF THE SPATIAL CHARGE 
IN A NEMATIC 

Therefore, let the intensity of the radiation in the me- 
dium be inhomogeneous: 

So far the direction of the x axis is arbitrary, so that at this 
stage we do not take into account the anisotropy of the 
nematic and also neglect edge effects, assuming the me- 
dium to be infinite. In reality we have qL) 1, so that the 
inhomogeneity in the density along the thickness of the 
sample is appreciably less important than across the lines 
of the interference pattern. Generally speaking, under such 
conditions Eq. (4) must be modified by taking into ac- 
count possible diffusion and drift fluxes: 

The expression for the current density j in the medium 
has the form: 

In (8) and (9) E is the assumed field of the spatial 
charge directed along the lattice wavevector, i.e., along x. 
Moreover, one must take into account that the medium is 
electrically neutral on average: 

JXX+" (n+ +n-)dxf =O. (10) 

Equations (8)-(10) are nonlinear even in the time- 
independent case and cannot be solved explicitly, so that 
we must simplify them using some assumptions. We start 
with an estimate of the relative magnitude of the terms on 
the left-hand side of (8). Using Eq. (3) we have 

We assumed here that the diffusion and drift currents 
are approximately equal which follows from (9) in the 
stationary case (j=O) if we neglect the dark-current con- 
ductivity. Equation (8) can thus be simplified to its origi- 
nal form (4) which also means that the I-dependence of 
n* is local as discussed above, and in the stationary case 
we have the following set of equations: 

We have added here the Poisson equation for a$. The 
set (12) is again nonlinear and one finds its solution using 
perturbation theory in the small parameter {= Wd/ W,. In 
fact, we put n* =n$np, where nl=O({). At the same 
time we have Dfq-Ep* -O(C). 

We have then to zeroth order: 

and to first order: 

As zeroth approximation we choose n$=n& 
= (aI(x)/y) '". The validity of such a choice will be jus- 
tified by the answer, i.e., it can be retained in the case 
where the n; turn out to be merely insignificant correc- 
tions to the spatially inhomogeneous part nz.  We then get 
directly from ( 14): 

We must also verify whether indeed n t  - n; is appre- 
ciably less than the variable part n,f . From the second Eq. 
(14) we obtain in the most interesting case a)ud: 

and the ratio of this difference to the spatially inhomoge- 
neous part nz  is: 

The estimate (16) confirms the admissability of our 
zeroth approximation and thereby the validity of Eq. ( 15) 
for the space-charge field. We now turn to a consideration 
of the reorientation of the nematic under the action of this 
field. 

5. REORIENTATION BY THE SPACE CHARGE FIELD AND 
THE WAVE SELF-DIFFRACTION CAUSED BY IT 

Before we start immediately to a calculation of the 
angles 8 of the reorientation of the directrix n of the nem- 
atic and of the changes caused by this reorientation in the 
optical dielectric permittivity E, for its excited waves we 
must make a few remarks. 

Firstly, in contrast to FRC, there occurs in nematics a 
quadratic (albeit very strong) electrooptic orientational ef- 
fect, S E , ~  E', rather than a linear one. Therefore, if we use 
for the reorientation only the spatial charge field we are 
most likely to obtain a dielectric permittivity lattice with a 
doubled wavenumber with respect to the interference pat- 
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tern, which is undesirable. The natural way out is to apply 
to the cell an external uniform static field Eo such that 

where 

Moreover, this gives an additional amplification of the ex- 
pected reorientation. Indeed, if the external potential ap- 
plied to the cell is comparable to the threshold for the 
FrCderiksz transition,' i.e., 

where K  is the Frank constant (we shall use a single- 
constant approximation for the elastic energy; see Ref. 1) 
and E, the anisotropy in the static dielectric permittivity, 
we have 

Note that we probably have vg 1, so that we can hardly 
expect that the ionic diffusion coefficients will differ by 
more than 20 to 30%, and for typical values of &,z5 we 
can put K z  lop6 dyne. Equation (17) gives 
EJEoz 5 x 1 o P 4 ( q ~ )  ~ 0 . 0 5  up to A =  6 pm, which is the 
maximum from the point of view of rd. The magnification 
effect by a uniform external field is thus clear. 

It is true, one should estimate whether the presence of 
an external field Eo does not lead to an appreciable outflow 
of carriers from the interaction region which might affect 
the results of the preceding calculations. We must thus 
estimate the ratio of Wr to Wdr in the field Eo: 

e n o ~ '  600 
W,JWdr=- -- 

Uo -Uo(B) 'I' 

In the estimate (18) Uo is the constant potential Uo 
applied to the nematic layer which is at most equal to UF, 
the threshold potential for the FrCderiksz transition, which 
is of the order of a few volts.' The apprehension about the 
effect of Eo on n * is thus not justified and the results of the 
calculations of E remain in force. 

Secondly, it is well known from the theory of the ON 
of nematics2 that there are a multitude of different geom- 
etries for an orientational interaction of waves with nem- 
atic~, depending on the orientation of the directrix (planar 
or homotropic), the polarizations, and the angles of wave 
incidence on the sample. The proposed PC also admits a 
multitude of such variants, but an enumeration of all of 
them is not part of the problem of the present paper. We 
therefore restrict ourselves to merely describing our exper- 
imental geometry, which is similar to the geometry for the 
observation of orientational self-focussing in a nematic." 

The interaction geometry is shown in Fig. 3. Two 
e-type waves EaYb propagate in a homotropic sample at an 
angle to the unperturbed directrix no at the refractive angle 
q, (the angle between the two, P, is much smaller than 9 ) .  
The difference between their wavevectors, q (the wavevec- 

- - 

FIG. 3. Geometry for observing the PC in a nematic. 

tor of the lattice), has x and z components as has the space 
charge field E which is directed along q. The external field 
Eo is directed along z. 

The calculation of the reorientation is carried out in 
the single-constant approximation for the Frank energy:' 

FFr= Kann$$S/2 

by standard variational methods (see Ref. 2) and leads in 
the steady case to the following equation for the reorien- 
tation angle 0 of the directrix: 

Here we have neglected the term ~ ' 0  in comparison 
with E$ and also E' cos q sin q in comparison with 
E& cos q.  

Moreover, for simplicity we have neglected the bound- 
ary conditions O(0,x) =8( L,x) =0, since they make a con- 
tribution which is small in the parameter (qL)-'. Restrict- 
ing ourselves thus to a particular solution of (19) we get 

This reorientation lattice leads to a modulation of the 
optical dielectric permittivity for the waves excited by it 
(see Fig. 3): 

Here EOL is the dielectric permittivity for the e-waves 
propagating at an angle q to the axis and E,L is the anisot- 
ropy in the dielectric permittivity at the light frequency. 
Note that here, following Ref. 10, we have neglected the 
fact that the waves Ea,b are slightly nontransverse. 

By virtue of the rather small thickness of the sample, 
for small p the waves will undergo Raman-Natto self- 
diffraction in the * 1,2, ... orders. We assume that the am- 
plitude of the lattice is sufficiently small that we can neglect 
second-order diffraction (as was the case experimentally), 
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i.e., the waves E* (see Fig. 3) are the result of diffraction 
to first order of the wave Ea and to first order of the wave 
Eb, respectively. The calculation of the diffraction effi- 
ciency q for such first-order self-diffraction is completely 
standard (see, e.g., Ref. 1 1 ) and we shall therefore not give 
it her but merely state the result. In the Born approxima- 
tion we have 

Here A=(k,+q-k-),zwfi2/c is the wave 
mismatch-in the first-order diffraction with respect to the 
spatial component of the polarization of the medium ex- 
cited by it-which is found, as usual, from the condition 
(k,+q-k-),=O. Estimates show that for L z  100 pm, 
A.zO.5 pm the factor (sin a/a12 is unimportant (of order 
unity) up to fiz 6 x lop2 rad; this was the range of angles 
used in the experiment. We can therefore finally rewrite 
(22) without that factor: 

We draw attention to the fact that the factor 
( 1 +eJ3327r@) in the denominator in (23), which for 
E, < 0 formally may give resonant amplification of the dif- 
fraction efficiency for well defined Eo, q, in actual fact does 
not do so. Indeed, for E, <O external fields for which we 
have Eo< UF/L are allowed and for larger external fields a 
Frkderiksz transition occurs which is azimuthally degener- 
ate, as it always is in the E, < 0 case,' so that the uniformity 
of the orientation is broken. We then have 

In the q L b  1 case discussed above this factor is always of 
order unity. 

If, on the other hand, we decrease q, maintaining 
EoL<UF. For A <  L we must take into account the effect 
of the zero boundary conditions in z which were omitted 
above when we calculated the reorientation; this causes 
K# in the above solution to be replaced by K(P /L)~  (low- 
est reorientation mode, sinusoidal in z; see Ref. 10) In that 
case ~J332?rK(?r/A.)~ again does not reach an absolute 
magnitude of unity. Therefore, if this "resonant" denomi- 
nator has to lead to some observable result, it can be only 
in a deviation of the function q(Eo) from being quadratic 
for A=: L, i.e., for small /3, about equal to 5 x  lop3 rad. 

In Table I we give the main functional dependences of 
the diffraction efficiency on I, Eo, and q. For a comparison 
we give there also the same for self-diffraction in the usual 
orientational nonlinearity which can also occur for the ge- 
ometry of Fig. 3, although it is true for higher (by two or 
three orders of magnitude) radiation intensities, as we shall 
now show. 

Indeed, the ratio of the diffraction efficiencies for the 
two mechanisms is [see Eq. (20) and also Ref. 101: 

TABLE I. Dependence of the diffraction efficiency on the experimental 
parameters for the photorefractive and orientational nonlinearities. 

Nonlinearity 

Parameter photorefractive orientational 

Ei practically no dependence for 
EoL< U p  

4-2 4-4 

Using c &-,&8/4n = mIo, sin q, cos cp< 1/2 and also Eq. 
( 15) for Es we get (in the case when we have a>od ,  
E0LeUF):  

The estimate (25) gives (z for the value we used, 
10z200 mw/cm2, so that to observe the self-diffraction in 
the ON the radiation intensity was three orders of magni- 
tude too low. 

We now turn to a description of the experimental ob- 
servation of the effects described above. 

6. EXPERIMENTAL OBSERVATION OF SELF-DIFFRACTION 

For the observation of self-diffraction in a homotropic 
sample of thickness L =  100 pm of an R6G-5CB mixture 
with a concentration of 7X mole/l, corresponding to 
a maximum o for a given Io,  we intersected two beams of 
an argon laser (/2=0.4880 pm) at a small angle 
fi<6X rad with a total power density which reached 
300 mw/cm2. The incident angle of the radiation on the 
sample was varied from 0 to 60" in the geometry of Fig. 3, 
i.e., O(q,<35". We applied a voltage of up to - 3 V ( UF for 
the given mixture) to the transparent electrodes of the cell. 
We studied the angular spectrum of the radiation passing 
through the sample. One can reduce the main qualitative 
results to the following. 

Self-diffraction, i.e., the E* waves, were observed only 
when the e-waves were obliquely incident upon the sample 
and only when there was a voltage Uo applied to the sam- 
ple. The diffractive efficiency q reached 20% for small in- 
tersection angles ( f iz2X rad) of the waves. 

To reach such values of q through the ON or the 
thermal nonlinearity of the nematic one needs two to three 
orders of magnitude larger radiation power densities. 

The fact that self-diffraction is observed only for ob- 
lique incidence unambigously indicates the orientational 
mechanism for tracing the EL lattice, since it means that 
the principal values of the tensor EL are unchanged (in the 
opposite case self-diffraction would occur also for normal 
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FIG. 4. Diffraction efficiency as function of the total wave intensity. 
Uo= 1.75 V; /3= 1 . 9 ~  lo-' rad. 

incidence). Therefore the possibility of self-diffraction due 
to a very strong conformational nonlinearity of nematicsI2 
also drops out. 

The necessity of an external Uo for self-diffraction in 
conjunction with the orientational nature of the tracing of 
the lattice leads to the conclusion that the reorientation 
occurs just due the action of a static (probably spatially 
inhomogeneous) field (see Table I)  and not of an optical 
field. 

The qualitative results indicate thus that we are appar- 
ently dealing with the PC of nematics which we described 
above. For a quantitative comparison with the theoretical 
predictions we studied the dependence of q on the param- 
eters given in Table I. 

We show the function q(Io) in Fig. 4. It is clear that it 
is linear for small Io, while for 10=450 mw/cm2 it ap- 
proaches a constant value corresponding to a) ad (see Fig. 
2). Both of these confirms Eq. (23 1. 

The results of studying the dependence of q on the 
wavenumber of the lattice are given in Fig. 5 in through 
q(@-2). It is clear that in accordance with (23) and the 
additional remarks about the "resonant" denominator this 

FIG. 5. Diffraction efficiency as function of the intersection angle of the 
waves in the sample. Z0=200 mw/cmz; Uo= 1.41 V. 

FIG. 6. Diffraction efficiency as function of the voltage applied to the cell; 
I,= 180 rnw/cm2; /3= 1.9X lo-' rad. 

function is linear (it is removed for Uo < 0.5 UF). In Fig. 6 
we give the function q (  u;). In accordance with (23) it is 
linear up to values U o z  UF and deviates from linearity by 
becoming larger when Uo approaches UF. 

Finally, we note that we estimated from the experi- 
mental data a value of Y for the given mixture: 

1 vl z 4 X  which corresponds to the ratio of the mo- 
bilities of the positive and negative ions (or vice versa; in 
the given experimental set-up it is impossible to establish 
this) which is equal to 0.92. 

7. CONCLUSION 

There is therefore every justification to state that we 
have predicted and observed a new mechanism for a cubic 
nonlinearity of nematics, which is larger by three orders of 
magnitude than those known earlier. We note especially 
that this nonlinearity can be further enhanced by the 
choice of an optimal composition and concentration of the 
mixture (by approximately an order of magnitude due to v 
and by much more due to a through using dyes with 
smaller luminescence quantum yields). 
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