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Electrooptical and dielectric properties of liquiod crystal (LC)-aerosil-photopolymer
three-component mixture have been studied in a wide range of aerosil and photopolymer
concentrations. Insertion of aerosil into filled LC prevents phase separation usually ob -
served in such compositions. Increase of the polymer content in filled LC results in an
improved of the switching contrast in the electric field and shortened switching-off time.
At the same time, the controlling voltage increases. At the polymer concentration of 10 to
15 % (mass), the optimal set of parameters set is obtained; the controlling voltage value
is comparable with the corresponding values for the polymer free samples dopant, whereas
a considerably higher contrast and system stability is reached. Variations of the electroop -
tical parameters with the increasing polymer content have been established to be caused to
a great extent by the change of system morphology. The limiting morphologies are filled
LC with incorporated polymer network and capsulated LC filled with aerosil. Dielectric
method has been shown to be suitable for the studies of the system morphology.

WccnenoBaHbl 2JI€KTPOOITHYECKNE U IUJIEKTPUUECKNE CBOMCTBA TPEXKOMIIOHEHTHOM cuc-
TeMbl Kugkui xpucranan (JKK)-aspocun-gpoTomosrmep B IIMPOKOM 00JIACTH KOHIIEHTPAI[MU
appocusa u moauMepa. BBeneHue goromonmmmepa B HamoJHeHHble KK mpemorspaimaer Ha-
osogaeMyio B HUX (hasoByio cemapaiuio. C MOBBIMIEHHEM COAEP:KaHUs MoJanMepa yJIydIliaeT-
¢ KOHTPACT IIePeKJIOUEeHN CJI0EB CYCIIEH3UH DJIeKTPUUYECKUM II0JeM UM YMEHbBIIAeTCs BpeMs
BBIKJIIOUEeHHSA. B TO »Ke BpeMs yBeJIMUMBaeTCsA yIpaBjsiolee Hamnpsixenue. IIpu KoHIleHTpa-
nuu doromonrumepa 10—15 Bec. % mocTuraeTcsa ONTUMYM, KOT[a yIIPaBIAOIee HANPIAKEHUe
CPaBHHMO C ero 3HAYEHUSIMM IJsd 0o0pasioB 0e3 MOJHMMepa, B TO Ke BpeMs JOCTUraeTcCs
3HAUMTEJbHOE IIOBBIIIEHNE KOHTPACTa, a TaKyKe CTa0UJIBLHOCTH CHCTEMBI. ¥ CTAHOBJIEHO, UTO
H3MeHeHNe JJIEKTPOOITUYECKMX IIapaMeTpPoB C yBeJHUYEeHMEM KOHIEHTPAIlUM IIOoJHuMepa B
3HAUMUTEJBHOM Mepe 00yCJIOBJIEHO M3MeHeHne MOP(OJOruu CUCTEMbI, 'PAHUYHBIMU CAYUYAAMU
KOTOpPO¥ SABJSIOTCS HANOJHEHHBIA JKUIKWN KPHUCTAJJ CO BCTPOEHHOI ITOJMMEDPHOM CEeTKOU U
KancynupoBanubiii KK, HamonHemusIii aspocuysoM. IIpomemMoHCTpuUpoBaHa BO3MOIKHOCTH
NPUMEHEeHUA AUSJIEKTPUUECKOr0 MEeTOoAa IJisd MU3YUeHUs MOP(POJIOTUU CHUCTEMBI.
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Among the wide variety of electrooptical
devices based on liquid crystals (LC) [1], it
is just the LC-aerosil (LCA) that is pro-
duced using the simplest technology [2—4].
It fact, it requires no LC orientation, while
that is a requirement of the most impor-
tance for other LC-based electrooptical de-
vices. In LCA, no matching of the LC and
polymer matrix parameters is necessary, in
contrast to devisec using nematics dsipersed
in polymers (PDLC). The wide use of LCA,
however, is hindered by several drawbacks
inherent in all dispersions of micro- and
nanoparticles in liquid matrices. The main
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of those consists in the solid admixture ag -
gregation and settling (in particular, in ex-
ternal electric fields) and a rather slow re-
laxation rate.

The purpose of this work was to seek for
a simple technology providing a reduced ef -
fect of those factors. We have used the
method described in [5] to eliminate the
memory effect inherent in LCA. In that
method, a polymer network is incorporated
into the system and so the aerosil structure
becomes stabilized. The rigid polymer net-
work was expected to prevent not only the
aerosil structure transformation in electric
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field but also its separation from the LC.
Unlike [5], we have studied the polymer ef -
fect on LCA electrooptical and dielectric
properties within a wide range of its con-
centrations.

The LCA-polymer (LCAP) structures
were prepared as follows. At the first stage,
LCA mixtures were obtained using the pro-
cedure described in [2-4]. The aerosil con-
centration, ¢4, was varied within limits of 2
to 20 % (by mass) with respect to the LC.
Hydrophobic R812 aerosil from Degussa
(Germany) [6] and the E7 LC mixture from
Merck were used. The E7 parameters at
293 K: dielectric constant at the planar mo -
lecular orientation § = 5.2; the dielectric

constant anisotropy Ae = +13.8. At the sec-
ond stage, the photopolymer No.65 from
Norland (USA) was added to the LCA mix-
ture. The photopolymer concentration was
varied from 5 to 40 % (by mass) with re-
spect to the LC. Moreover, the photopo-
lymer mixture described in [7] was used to
prepare PDLC samples. Its concentration in
E7 was 45 % (by mass). The LC-aerosil-pho -
topolymer compositions were mixed thor-
oughly and placed between two glass plated
with transparent conductive ITO layers on
inner surfaces. To provide the desired com -
position layer thickness, few spacers were
placed onto one plate. The mixture was dis -
tributed uniformly over the sample area,
then the plates were pressed together in an
uniform manner and so fixed using an epox -
ide adhesive. All operations were carried
out under red light illumination to avoid
the photopolymer polymerization. The pho -
topolymerization was made using a low
pressure mercury lamp of 2 mW/cm?2 for
30 min.

The transmission, T, as a function of the
voltage applied, U, was measured using a
setup with small photoreceiver aperture [4,
8]. The incident light beam from a He-Ne
laser passing through the glass plate was
normal to the sample under study. The
beam reflected from the plate was used to
monitor the laser power. The T(U) measure -
ments were made at 1 kHz frequency, the
voltage change rate was less than 0.05 V/s.
The T(U) dependences were registered using
a two-coordinate recorder. Three measure-
ment cycles were carried otu for each sam -
ple: under increasing U up to U, (i.e., the
voltage corresponding to T saturation);
under U decreasing down to 0 at the same
rate; and under repeated U increrasing to
U,. The experiments have shown that the
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data obtained at the 2nd and 3rd measure-
ment cycles are reproducible to within 2 %.
It is just those data that will be considered
in what follows. The following parameters
were determined from the obtained T(U) de-
pendences: T, the transmission at U = 0;
T ax» the maximum T value; AU, 5, the
T(U) curve hysteresis expressed as the dif-
ference between U values corresponding to
T = 0.5T,,,4 in curves corresponding to 2nd
and 3rd cycles; Ugg, the voltage corre-
sponding to T = 0.9T ..

To analyse the transmission kinetics at
the voltage switching-on and switching-off,
square voltage pulses of the frequency from
0.1 to 10 Hz and with amplitude equal to
Up were applied to the sample. When con-
sidering the oscillograms so obtained, both
transmission increase and drop kinetics
were assumed to met an exponential law.
Proceeding therefrom, the time constants
for transmission increase and drop (7,, and
T,¢» respectively) corresponding to the volt-
age switching-on and switching-off were de-
termined. The frequency dependences of the
complex dielexctric constant components €'
and €" were determined using the procedure
described in [9].

The phase separation in the samples was
first tested. To that end, the 100 V voltage
at 30 Hz and 1 kHz frequency was applied
to those for 5 min. The phase separation
extent was judged comparing the sample
structure observed by optical microscopy
prior to and after the test. No substantial
structure chandes were seen for samples
containing the photopolymer. In the poly-
mer-free ones, the aerosil separation took
place, being particularly intence at the
30 Hz frequency. This resulted in an irre-
versible sample brightening and its homoge -
neity loss. For that reason, all subsequent
measurements were made using 1 kHz fre-
quency.

The electrooptical and time parameters
for LCA and LCAP samples at different
aerosil and photopolymer contents are pre-
sented in the Table below. The data are
grouped according to the same photopo-
lymer concentration but different aerosil
ones. In each group, the aerosil content in-
crease results in an appreciable drop of the
initial transmission, while the saturation
one varies only slightly. This causes a con-
siderable increase of the switching contrast
(exceeding one decimal order for some sam -
ples). At the same time, the switching volt-
age value increases. It is also seen from the
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Table. Electrooptical and time parameters of LCA and LCAP layers as functions of aerosil (c,)

and photopolymer (cp)”

No. Cps Cys Ty, T, T, CR Up.9s AU, ., T, T cer
% 9 % % s \i v ok s

0 5 1.5 94 91 61:1 46 2 200

0 10 1.1 89 1.4 81:1 49 0.3 1 100

0 20 0.8 920 0.9 120:1 55 5 2 100

5 7 87 13:1 50 2 20 300

5 5 10 5 90 18:1 52 7 5 250
6 5 20 2 90 2 45:1 103 11 20 200
7 15 5 1 65 0.8 80:1 20 1.5 2 100
15 10 0.5 84 0.5 165:1 30.5 2 10 80

9 15 20 0.1 85 0.4 850:1 50 5 10 100
10 40 5 0.1 65 0.1 650:1 120 2 10 20
11 40 10 0.1 70 0.1 700:1 180 2 10 10
12 40 20 0.05 64 0.07 950:1 190 1.5 20 10
13 45 0 0.13 92 1 710:1 79 21 5 200
14 45 5 0.10 92 0.3 920:1 92 36 100

* concentrations calculated with respect to the liquid crystal mass.

Table that the increase in the aerosil con -
tent effects only slightly the response time
at the electric field application, T1,,, but
causes a decrease in the relaxation time,
T, by a fector of 1.5 to 2. In photopo-
lymer-free sample series, an effective mem -
ory is observed at the aerosil content of
5 % that disappears essentially as the
aerosil concentration is increased to 10 %.
No memory effect was observed for pho-
topolymer-containing samples, that fact
agrees well with results obtained in [5].
The photopolymer introduction causes a
very interesting change in the electrooptical
properties. At low concentrations (5 %), it
reduces the contrast considerably due to in-
creased initial transmission. At the same
time, the switching voltage increases. The
polymer introduction results in that the
switching-on time constant T,, increases al-
most by one decimal order, while the T
value is influenced only slightly. The poly-
mer concentration increase up to 10-15 %
causes a sharp contrast increase while the
switching voltage becomes lowered. The
time parameter of the samples are very
close to those for polymer-free ones. The
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further polymer content increase up to
40 % results in a slight contrast change
but the switching voltage is increased sub -
stantially. In contrast to the samples with
low polymer content, the relaxation con-
stant T,; is several times shorter. In the last
series of PDLC, the aerosil incorporation
results in an improved sample homogeneity,
increased switching contrast as well as re-
duced relaxation time. In parallel, the
switching voltage increases.

Considering the data obtained from the
practical application standpoint, it is to note
that for the LC, aerosil and polymer kinds
used in this work, the optimum parameter set
is attained in the composition with ¢4 = 5 to
10 % (by mass) and cp =15 % (by mass).
This composition provides a rather high
contrast wvalue (about 100:1) at relatively
low switchiong voltages (20 to 30 V). The
fact that the aerosil incorporation into the
PDPL samples improves their homogeneity
and contrast as well as reduces the switch -
ing-off time is also of practical importance.
To improve further the composition parame -
ters, components with characteristics most
suitable for specific applications are to be
selected. For example, LC with great dielec-
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Fig. 1. Frequence dependences of £" for sam-
ples with ¢, = 10 % (mass), ¢, = 0% (1);
¢,y = 10 % (mass), ¢, = 40 % (mass) (2).

tric constant anisotropy are reasonable to be
used to reduce the switching voltage. The
matching of refractive indices for the com -
position components is of importance to en-
hance the contrast.

Some of the results obtained are easy to
explain. Let the LCA system be considered
as a set of LC domains enclosed in aerosil
aggregates [3]. The increased aerosil con-
centration causes the reduced LC domain
size. This explains the switching voltage
and contrast increase as well as the relaxa-
tion time reduction due to the aerosil con-
tent increase. The unmonotonous depend -
ence of electrooptical parameters on the
photopolymer concentration is less obvious,
additional data on the system, first of all,
on its morphoilogy, being necessary to in-
terpret those results. Some of those data
can be obtained from dielectric measure-
ments, as will be shown lower.

Fig.1 presents the frequency dependences
of ¢" for samples with ¢4 =10 %, cp =0 (1)
and with ¢4 =10 %, cp=40 % (2). The
€'(f) curve for the polymer-free sample is
seen to drop monotonically. At low polymer
concentrations, the curve is similar to the
1. At 40 % polymer, a maximum exists
pointing to a new relaxation region. A simi-
lar dependence is observed for Samples 13
and 14 which have definitely the PDPL
morphology. The dispersion similar to that
found by us and often referred to as the
Maxwell-Wagner relaxation was observed
before in LC confined in porous glasses
[10], although the dispersion region corre-
sponds to higher frequencies
(10%<f<10% Hz). The Maxwell-Wagner re-
laxation in our case may evidence the tran-

sition from the LC-polymer network struc-
ture to that of capsulated (dispersed)
LC.Thus, the dielectric measurements could
provide an effective control method not
only for the photopolymer content in the
system but, in some cases, for the structure
of the latter.

Thus, it follows from the data obtained
that the photopolymer provides the LCAP
structure stabilization. As the polymer con-
centration increases, the electrooptical prop -
erties vary unmonotonically: a small polymer
additive in the LCA reduces the contrast and
increases the switching voltage. At the poly-
mer concentration cp = 15 %, an optimum is
attained where the switching voltage values
are comparable with tohse for polymer-free
LCA while the contrast is several times
higher. A further cp increase results in a
substantial switching voltage increase with -
out any substantial contrast changes. At the
same time, the relaxation time is reduced
by one decimal order. the results obtained
may be due to a substantial changes in the
sample morphology caused by the polymer
concentration variation. The dielectric
measurement results show a new relaxation
region in samples containing more than
40 % polymer. This may evidence the tran-
sition from the LC-polymer network struc-
ture to that of capsulated LC.

This study has been carried over under
the 97-1315 INTAS Project. Authors thank
Dr.U.Maschke who kindly provided the
LC-polymer mixture for preparation of
PDLC morphology samples.
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EjxexkTpoonTuuHi Ta mieJeKTPMYHiI BJIACTHUBOCTI
CyMilIipiTKUi KpHCTAJ-aepocui-goromorimep

O0.Apowyx, O.Roeanvuyr, C.3axpescvra

HocuifkeHo 9JeKTPOONTHYHI i MieseKTpuuHi BIACTUBOCTI TPHOXKOMIIOHEHTHO CUCTEMU
pizxkuit xpucran (PK)-aepocui-goromosiMep B IMHUPOKiil o6GJyacTi KOHIeHTpaIlliii aepocuay i
nosimepy. Buecennsa ¢goromonimepa B mamoBHeni PK ycyBae (asoBy cemapaiiito, IIfo cIoc-
TepiraeThbCcs AJS TaKUX CHUCTEM. 3POCTaHHA KOHIEHTpAIlil moJsiMepy mpu3BOAUTH A0 IIOKpa-
IMeHHA KOHTPACTy IepeMUKAaHHsS IapiB CycIlleH3ill eJeKTPUUYHUM II0JIeMO Ta 3MEeHIIy duac
BUMKHeHHA. Ilopan 3 muM, 30igbIIyTheAd Kepyioua Hampyra. Ilpu KoHIleHTpalli mojaimepy
10-15 Bara.p % mocAraThCs OUTHUMYM, KOJM BeJWYMHA Kepyouoi HAIPYru IMOpPiBHAHA 3
aHAJOTiYHOI0 BEJUYMHOIO Jisd 3pa3KiB 0e3 mosiMepy, OJHAK OOCATATHCA 3HAUHO BUIUH
KOHTPACT, a TaKOXK cTabiibHicTh cucTeMu. BeTaHOBIEHO, IO 3MiHA €JI€KTPOONTUYHUX IIapa-
MeTpiB 3i 30iMbIIeHHAM KOHIIEHTpAIll moJiiMepa y BeJuKiil Mipi cupuuymHeHa 3MiHOIO MOpP(dO-
JIOTi CHCTEeMU, I'PAaHMYHUMHK BUNAAKAMM SKO HAIOBHEHUN PiAKMI KpHUCTaAJ i3 BHECEHOIO
moJiMepHOI0 ciTKO0 Ta KamcyiaboBauuii PK, mamosmenwuit aepocusom. IIpomeMoHCTPOBAHO
MOKJIMBICTh 3aCTOCYBaHHS HieJIeKTPUUYHOTO MeToja AJs BUBUEHHA MOpGoJori cucreMu.
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