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In this paper the relation between the diffraction efficiency in liquid crystal
mixtures and DTWM (Degenerated Two Wave Mixing) systems is described.
The arm of this work is to study the most important compound of the measured
before LC mixture using diffraction efficiency system under low power
lumination.
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INTRODUCTION

High speed and efficiency holographic data storage and other applications
in the field of optical data processing would be enabled by the development
of suitable nonlinear optical materials. Large dielectric and optical anisotro-
pies have made nematic liquid crystals a very attractive class of materials
for a wide range of application [1-3]. One of the possible methods is the
dynamic holography and so we tried to converge our material investigations
on that type of application. Our previous articles [4] were concentrated on
the cell and one mixture with a photosensitive anisotropic dye combi-
nation. The experiments described in these papers were focused on the cell
construction (specifically on the photosensitive layers, like PVK doped
by trinitrofluorene). Obtained results were relatively good but further
dynamic applications required more sensitive materials. In our previous
papers we discovered that some isothiocyanate nematic liquid crystals
can give very high diffraction efficiency-higher than other NLC materials
[5] and NLC materials doped by dye.

In this article we present an experimental investigation of the orien-
tation photorefractive effect in nematic liquid crystals [6]. The molecular
orientation, which is described by the director, can be easily turned or
modulated by externally applied dc electric or optical fields. The reorien-
tation of the molecules can lead to a large refractive index change due to
the large optical anisotropy of the liquid crystal. Our early investigations
showed that the orientational optical sensitivity of liquid crystals, can be
greatly enhanced by an external electric and optical applied field. The
photorefractive volume space charge field is the result of charge generation
in the bright regions of interference pattern and charge transportation. The
dependence of the diffraction efficiency according to the multi-compound
liquid crystal mixture is given. The measurements on the dependence of
the diffraction efficiency on the multi-compound mixtures directed us to
one selected mixture. The mixture is symboled as 1294-1b and we divided
it into three parts. The most effective parts were discussed.

EXPERIMENTS

The measurements reported in this paper were preformed in 90° twisted
nematic liquid crystal cells. The thickness of a nematic liquid crystal layer
was 5 and 9 pm. Every part of 1294-1b was examined in a simple two-wave
mixing technique using linearly s-polarized input light from He-Ne 40 Mw
laser. The angle between the laser beams inciting on the sample was well
matched to give a simple interference grating in Raman-Nath regime (grat-
ing spacing A = A/sin# = 12 um. The main beam and diffraction light beam
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intensities were analyzed using two-head laser power meter
(Labmaster Ultima—Coherent).

The 1294-1Db liquid crystal used consists of a mixture of fourteen cormpo-
nents. The mixture had the birefringence An = 0.35 and nematic range
from 3°C to 155°C. The mixture 1294-1b as a holographic medium was
discussed [5]. The mixture was then divided into three parts. Every one
contained some amount of the 1294-1b and had characteristic properties
as showed in Table 1.

We also tested the new mixture with birefringence An = 0.4 for com-
parison to 1294-1b. The remaining two 13 and 14 ingredients of the
1294-1b mixture had influence only in the scope of nematic range, and
decreased it to 3°C.

To conclude the characteristic parameters of the mixtures, we chose a
common temperature (7'=50°C) for all three mixtures included in 1294-1b,
and then we tested the An parameter.

To measure the diffraction efficiency in characteristic nematic range
temperatures DWTM two wave mixing setup was built inside a chamber
(Fig. 1). That chamber allowed us to change environmental temperature
in range from —20°C to 90°C (for example in the nematic range).

All three mixtures become liquid when their temperature is above 22°C,
but we tested the mixtures in the whole range of temperatures attainable in
the chamber. Every experiment started from room temperature, which is
about 20°C. The possibility of slow heating of the chamber allowed us to
observe three interesting aspects: the transition temperature, the moment
when the diffraction spot appeared and the entire grating diffraction pro-
cess until its end. To get rid of the influence of temperature on the silicon
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FIGURE 1 Measurement setup.
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detectors, we placed them beyond the chamber. Only the diffracted beam
was taken out from the chamber. As the diffraction levels were sometimes
very low, the accurate laser power detector was needed. We also measured
1294-1b doped with dichroic dye (Apq, = 550 nm) in temperature domain
using Beckmann spectrophotometer combined with a controlled heater.
The aim of that experiment was examining the influence of the order para-
meter S on the diffraction efficiency # (using A, and A measurements).

RESULTS AND DISCUSSION

The first tested mixture was 1294-1-2. We began an experiment from 20°C.
After the temperature transformation phase, we observed that the solid
crystal scattering was ended. In that place the diffraction efficiency beam
appeared (20 uW). The temperature was slowly risen, we noticed that
the diffraction beam falls down, as shown in Figure 2. Later on, we
increased the temperature to maximum (80-90°C) and measured how
the diffraction falls. An interesting process was observed, when we wanted
to change the cell with liquid crystal, we had to decrease the temperature
inside the chamber. The chamber was equipped with a cooling system
based on dry ice (frozen CO, sunk in alcohol). That type of cooling makes
it possible to reduce the temperature inside the chamber in a short time.
We could decrease the temperature to —10°C in a few seconds. That type
of decrease evidently supports the diffraction efficiency effect (overfro-
zen). The diffraction efficiency rises up to 70-120 yW between 10-10°C
(Fig. 3). That effect was very unstable. The time of existence of the high
energy diffraction beam was very short and appeared only when the
gradient of the temperature was observed in the chamber.
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FIGURE 2 The diffraction efficiency vs. temperature: a) mixture 1294-1-3, b) mix-
ture 1294-1-2.
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FIGURE 3 The diffraction efficiency vs. temperature: a) mixture 1294-1-3, b)
mixture 1294-1-2.

The same experiments were done for 1294-1-2 mixture. Characteristic
shapes of the diffraction efficiency were similar to the 1294-1-3, but diffrac-
tion was less about 50%. The characteristic shapes are shown on Figures 2
and 3.

The worst parameters of our experimental mixtures has the 1294-1-1,
even through that mixture nematic range starts in 22°C. We did not observe
the diffraction efficiency beam in all reasonable temperatures. That effect
is much stronger because 1294-1-1 includes 1294-1-2 and 1294-1-3.
Probably the last two components added have influence on our process.
The experiments and the characteristics showed that temperature require-
ments in our experiments extract to check the whole range of temperature.
We supposed that diffraction efficiency is limited from below, by the
nematic range temperature in liquid crystal mixture. As the characteristics
show our suspicions were true. The diffraction efficiency starts in trans-
formation temperature for each mixture.
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FIGURE 4 Profile of the order parameter Sp vs. temperature.
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FIGURE 5 The absorption spectra for mixture 1294-1b.

The diffraction efficiency decreases when temperature is increased. We
interpreted it as a decrease of an dye order parameter Sp = (4] — A1)/
(A) +2A)), therefore we checked it in spectrophotometer (Fig. 4). Mean-
time we checked chromaticity co-ordinates using Prema spectrophot-
ometer. As we mentioned [5] the 1294-1b starts to be yellow under
illumination and gratings were most successfully written by red laser beam.
We were very interested in absorption spectrum, then we tested that
mixture and another one to compare the absorption (Fig. 5). The promising
results were obtained for mixture with A7z = 0.4. The same group of
components also makes it little yellow. We suspected that a larger An para-
ments should be very interesting from the holographic application point of
view. First experiments of the mixture showed that the diffraction
efficiency rises about two times in comparison to 1294-1b.

CONCLUSIONS

1. The characteristic spectra of the mixture 1294-1b show wide band
changes which can be observed about 700-780 nm. Absorption spectra
which is shown in Figure 4. suggests that charge transfer effect in the
investigated isothiocyanate nematic mixture exists.

2. The order parameter S;, was slowly changed with temperature and prob-
ably has less influence on the diffraction efficiency than we previously
expected.

3. The components which are added to 1294-1-2 (to obtain 1294-1-3)
decreases viscosity and optical anisotropy. In this case decreasing of
the viscosity probably has a positive influence on the diffraction
efficiency which was expected.
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4. As we predicted, the mixture with larger optical anisotropy (An = 0.4)
is much more adequate for holography (dynamic holography appli-
cation). The same power of the illuminated beam gives larger diffrac-
tion efficiency (that means better quality of the reconstructed
hologram).
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