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In mixtures of nematic liquid crystals with opposite signs of dielectric anisotropy
(alkylcyanobiphenyls and azoxybenzenes), a possibility of photoinduced Freedericks-type tran-
sition was realized, which could be observed both by optical transmission in a standard
geometry and by changes in electric conductivity. UV irradiation leads to lowering of the
planar-to-homeotropic transition threshold, and at a certain bias voltage a photoinduced
transition could be realized. Trans-cis isomerization of azoxy component decreases the an-
isometry of its molecules, resulting in higher positive dielectric anisotropy of the material.
Prospects of application of the reported effect in optoelectronic devices are discussed.
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B cmecsax HeMaTHMUECKUX KUIKUX KPUCTAJJIOB C IIPOTUBOMOJOMKHBIMY 3HAKAMU JUDJIEKT-
puuecKoil aHusoTponuy (AJKMINUAHOOUMDEHMIBI M a30KCUOEH30JIbI) Pealn30oBaHa BO3MOMK-
HOCTh (POTOMHAYIMPOBAHHOI'O IIepexona Tuila ®Ppemepurca, KOTOPHIH MOMKHO HAOIOJZATH KAaK
110 ONTUYECKOMY HPOIYCKAHUIO B CTAHIAPTHON reOMETPHH, TAK H I10 U3MEHEHUSM 3JIEKTPO-
HPOBOAHOCTU. Y P-00iyueHre IPUBOAUT K CHIKEHHIO IIOpOra Iiepexojga u3 IJIAaHAPHOHU B
TOMEOTPOIIHYI0 TEKCTYPY, U IPH HEKOTOPOM HANIPSKEHUU CMEIeHUs BO3MOKHA peadsarus
GOTOMHIYIIMPOBAHHOrO Iepexona. TpaHc-yuUC-N30MepHu3aInsa a30KCH-KOMIIOHEHTAa CHIMKAET
AHNU30METPHUIO ero MOJIEKYJI, UTO IPUBOLAUT K YBEJIWUYEHUIO IIOJOMHUTEIbHON IHIJIEKTPHUYEC-
Kol aEmsoTponuu marepuana. OGCYKIAIOTCA MMEPCIEKTUBLI MCIOJIb30BAHUA 9TOr0 adderTa B
OIITO9JIEKTPOHHBIX YCTPOMCTBAX.

HoBuii ¢oroenexkrpoonrnunuii edext Ha ocHOBi mepexony tuny ®penepikca y Hema-
THYHHX cyMimax as3okcucmodayx Tta mianmobideninis. JI.M.JTuceyvruii, O.M.Camoiinos,
C.C.Mineuro, O.I1.&edoparo, T.B.Bidua.

V cymimax HeMAaTHUYHMX PiAKMX KPUCTAJIB 3 NPOTUJIEKHMMH 3HAKAMHU [IieeKTPUUHOL
amisorpomii (ankinuianoGideninu Ta asoxkcumOeH30/M) PeaNisoBAHO MOMKJINUBiCTL HOTOIHIYKO-
BaHOro mepexony rtuity ®pegepurca, AKHUM MOMKHA CIOCTEPiraTu SAK 3a OITHYHHM IIPOILYC-
KaHHAM y CTaHAApPTHiN reomerpii, Tak i 3a smimamMu B eseKTpompoBigHocTi. Y®P-0ompomiHIO-
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BaHHA NPU3BOAUTHL A0 SHMKEHHS IOPOTY IepeXoJy 3 IJIaHAPHOI Yy T'OMEOTPOIIHY TeKCTypy, i
Opu NeBHIiNT Hampysi 3MilieHHA MOMKJIMBA peasiszania QoToiHayKoBaHOTO Iepexoxny. Tpahc-
yuc-isomMepusalis a3soKCUKOMIIOHEHTA BHUIKYE aHizoMeTpiio #ioro MoJerysa, 10 NPU3BOIUTH
nmo 30inbIIeHHA gomaTHOI AieneKTpuuHOi aHizoTpomii Marepiamy. OGTOBOPIOIOTLCA TTEPCIIEKTU-
BU 34CTOCYBAHHS 1bOTO e(PEKTY B ONMTOENEKTPOHHUX HPUCTPOAX.

In our recent papers [1, 2], we described
certain anomalous properties of nematic liq-
uid erystal (LC) mixtures composed of alkyl-
cyanobiphenyls and azoxy compounds. Since
these components have opposite signs of di-
electric anisotropy (A€ > 0 and Ae <0, re-
spectively), compensation occurs at a cer-
tain concentration, with a sharp fall in op-
tical transmission due to enhanced director
fluctuations. Characteristics of such mix-
tures could be controlled by UV irradiation,
which causes partially reversible t¢rans-cis
isomerization of azoxy compounds and the
changes in molecular anisometry resulting
in variation of mesomorphic, dielectric and
other properties.

In a parallel set of considerations, ne-
matic LCs with negative Ae are promising
for various applications, but there are prob-
lems with ensuring their vertical (homeot-
ropic) alignment [3]. This particularly re-
fers to azoxy nematics, with their dipole
moments roughly normal to the long mo-
lecular axis. Addition of cyanobiphenyls to
nematics with large negative Ae allowed
partial solution of this problem [3, 4]. Such
an approach seemed very promising, ac-
counting for various photoinduced effects
that could be observed in nematic and other
LC systems containing azoxy nematics [56—
7]- One can also note other reported possibili-
ties to efficiently control the dielectric anisot-
ropy by addition of small amounts of appro-
priate compounds (e.g., certain dye molecules
added to cyanobiphenyl LC matrix [8]).

The general idea of realizing a Freed-
ericksz-type transition in an azoxy nematic-
based LC system with addition of 4-pentyl-
4’-cyanobiphenyl (5CB) was proposed in our
earlier paper [2]. It was assumed that in
such system the electric field-driven planar-
to-homeotropic transition could be accompa-
nied by other effects that could be observed
under UV irradiation of such mixture. UV-
induced trans-cis transformations of azoxy
molecules could be superimposed on the
electric field-induced reorientations, giving
rise to various "photoelectrooptic” effects.

In this paper, we report our realization
of some of such effects.

We used the same nematic liquid crystals
5CB and ZhK440 (a mixture of 4-n-butyl-4’-

methoxyazoxybenzene and 4-n-butyl-4’-hep-
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tanoylazoxybenzene in 2:1 ratio) as in our
previous work [2]. For electrooptical meas-
urements, we used a standard geometry of
the twist cell (thickness 20 um) with ITO
conductive coating. After application of
polyimide layer, the cell was annealed at
180°C for 2 hs with subsequent unidirec-
tional rubbing. Electrooptical voltage-trans-
mission curves were measured in crossed po-
larizers in the 0-10 V range at 1000 Hz.
UV irradiation was carried out using an
emitter based on DRT-240 Hg lamp in ge-
ometry with known spectral distribution of
illuminance [9]. Irradiation for 15 min en-
sured effective illuminance of ~2 J/em?2,
which, according to [10], should result in a
photostationary state with about 50 % of
azoxy molecules in the cis-form. The meas-
urements were repeated after dark storage of
the sample for 24 h, when most of the ex-
cited molecules were expected to return to
their more stable trans-conformation. The ob-
tained results are summarized in Fig. 1.

One can see that the Freederiksz thre-
thold is considerably lowered after irradia-
tion, which can be explained by smaller mo-
lecular anisometry of the cis-form with the
small negative dielectric anisotropy changed
to more positive values, with subsequent in-
crease in the positive Ae of the mixture.
This change is partially reversible — after
dark storage (or irradiation with wave-
lengths above 400 nm), the characteristics
are moving towards their initial form.

In another set of experiments, we tried
to realize the photoinduced planar to ho-
meotropic transition in a similar system.
UV irradiation conditions were the same as
above, and electric conductivity was meas-
ured in a 50 mm thick cell using a LCR
meter as described in [1]. One of the compo-
nents of ZhK440 (4-n-butyl-4’-methoxya-
zoxybenzene) was used as photosensitive
azoxy compound (ZhK1l). The results are
shown in Fig. 2. The reorientation of the
liquid crystal system resulted in a sharp
increase in electric conductivity, with par-
tial reversibility obtained under irradiation
through ZhS-10 filter.

Thus, we have shown a possibility of a
novel photoelectrooptic effect in nematic
mixtures of cyanobiphenyl and azoxy com-
pounds, with conversion of light into elec-
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Fig. 1. Voltage-transmission curves for

20 um thick twist cells with LC mixture
80 % ZhK440 + 20 % 5CB before UV irra-
diation, after irradiation and after sub-
sequent dark storage for 24 h. The vertical
line indicates the bias voltage at which the
photoinduced transition could be realized.

tric signals. Further studies are under way,
with improved characteristics expected upon
addition of carbon nanotubes.
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Fig. 2. Electric conductivity of LC mixture
azoxy nematic ZhK1 + 5CB (planar cell) as
function of UV irradiation time (2 J/cm?2,
cell thickness 50 um) at 2 V bias voltage (1)
and under reverse irradiation (2).
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