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Cholesteric liquid crystal mixtures containing nematic ZhK-440 (comprising alkyl- and
alkoxy azoxybenzenes) and cholesterol esters were studied as examples of UV-sensitive systems
based on a photoactive nematic hosts and non-photoactive chiral components (ChC). The ChC
concentration was varied within 35-90 %, resulting in selective reflection with maximum %,
in the visible range and different character of its variation with temperature. At high ChC
concentrations, UV-induced 1, . (helical pitch) variation corresponded to the sign of di,,, /dT
in the initial mixture, with formation of non-mesogenic and non-chiral cis-isomer leading to
depression of the isotropic transition temperature. At lower ChC concentrations, A, . decreased
in all cases, regardless of the di, . /dT sign. A theoretical explanation of this peculiar case of
helical twisting is offered, implying a possibility of the effective chirality of ordered cis-mole-
cules. The assumptions made are in agreement with UV-induced changes in dielectric permittiv-
ity. Prospects of practical applications of the systems studied are discussed.

JKugroxkpucranainyeckue cMecu dPHUPOB X0JeCTePUHA U HEMATUKOB HAa OCHOBE a30KCUOeH-
30JI0B PACCMOTPEHBI KaK IMpuMepsl ¥ @-uyBCTBUTENBHBIX CHCTEM C (DOTOAKTHBHOM HemMaTH4ec-
Koil marpuieil u HeaKTUBHBIX xupaabHbIXx KomMmoHeHTOB (XK). Comep:xanme XK Bapbuposa-
au B npegenax 35-90 %, uro obecrmeunBano CeJeKTHBHOE OTPAKEHHe C MAKCHMYMOM A, . B
BUAMMOM o0OJacTH M PAa3JIMUYHBLINA XapakTep ero msMeHeHus ¢ Temmeparypoii. IIpum BbICOKMX
xornerTpanuax XK Y®-urpynuposanHoe u3MeHeHue A, . (IIara coupann) COOTBETCTBOBAJIO
3HaKY d\,,,./dT WCXomHOW cMecHu, CO CHUKEHHEeM TeMIepaTyphl M30TPOIHOTO IIepexofia BeJef-
cTBUe 00pa30BaHNs HEME30TeHHBIX U HeXWPAJbHBLIX I[Hc-u30MepoB. IIpu Gojiee HUBKUX KOHIEHT-
panumax XK A, .. cHEUKajach BO BceX CIydadX He3aBUCHMO OT 3HaKa dh,,./dT. Ilpemnmoxeno
00'bsiCHeHNE TAKOIl OCOOEHHOCTU IIOBEIAEHNS CIIMPAJIbHOIO 3aKPYUYMBAHUS HA OCHOBE IIPEICTABJIE-
HUN 00 9(p(eKTUBHON XUPAJIbHOCTH YIIOPSAAOUYEHHBIX ITHMC-MOJieKyJa. Caesanuble IPeaIoIOKeHIs
corsacyorcsa ¢ YO-UHIYIUPOBAHHLIMY H3MEHEHUAMU [AUSJIEKTPUUYECKOl mpoHuiaemocTu. O0-
CYSKIAIOTCS BOSMOYKHOCTH MPAKTUYECKOrO IIPMMEHEHUS KMCCJIELOBAHHBIX CHCTEM.
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can be varied as an effect of

1.Introduction

max
UV-irradiation. Such behaviour, which was
It has been long known that in first reported in [1] and revisited in more

cholesteric mixtures containing azo- or
azoxybenzene, as well as their derivatives,
the wavelength of maximum selective re-
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recent papers [2], is attributed to the pho-
toinduced trans-cis isomerization of the
photoactive compound. The transformation
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is reversible, and the initial A,,,, value can
be largely restored under irradiation at
higher wavelengths, after heating to the
isotropic phase, or just after storage. Re-
cently, substantial interest has been noted
in this phenomenon due to application pros-
pects of such mixtures in tunable
cholesteric dye lasers controlled by UV ra-
diation [3, 4]. Reversible changes in A,
were studied in detail for mixtures contain-
ing nematic azoxy compounds and chiral
components (which could be either choles-
terol esters or chiral dopants normally used
for induction of helical twisting) [5, 6].
Trans-cis isomerization of azoxybenzene lig-
uid crystals was studied in [7], with forma-
tion of cis-isomers (with much smaller mo-
lecular anisometry) leading to substantial
lowering of the orientation order and de-
pression of isotropic transition tempera-
tures. Similar results for azobenzene-based
nematics with chiral components were re-
ported in [8, 9] for different irradiation
conditions.

A remarkable feature of the observed
UV-induced changes in },,, is that it is
shifted to shorter wavelengths under pri-
mary irradiation. This means that the heli-
cal pitch p (., = np, where n is the aver-
age refraction index) is decreased, i.e., ad-
ditional helical twisting appears. This
contradicts what could be expected from
general notions of cholesteric mesophases —
it is not clear why formation of non-chiral
and non-mesogenic cis-molecules should in-
crease the helical twisting and not lead to
unwinding of the helix. A possible explana-
tion can be given in the case when A,  of
the initial mixture decreases with tempera-
ture (OA,,,;,/0T<0) — lower orientational
order caused either by the formed cis-mole-
cules or by an increase in temperature af-
fects the helical twisting in a similar way.
In most of the above-noted papers, no data
on A,,.T) are given. In a seemingly sole
study where this aspect was considered [6],
the observed shifts of %,,,, under UV radia-
tion were always negative, regardless of the
sign of Oh,,,/0T. It should also be noted

that the negative sign of UV-induced X,
shifts was characteristic for chiral compo-
nents of both steroid (cholesterol esters) and
non-steroid nature, which excluded possible
explanations based on the extra twisting
known for nematic-cholesteric mixtures [11,
12]. To clear up the situation, additional
experimental data were obviously needed. In
this study, we measured UV-induced X,
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shifts for mixtures of cholesterol esters con-
taining different concentration of azoxy nemat-
ics and showing different A ,,,,(T) behavior.

2. Materials and methods

The photosensitive nematic component
used was a 2:1 mixture of 4-n-butyl-4'-
methoxyazoxybenzene and 4-n-butyl-4'-hep-
tanoylazoxybenzene (liquid crystal ZhK-440,
NIOPIK, Russia, nematic range from —5°C
to 75°C). As chiral component, we used a
cholesteric mixture M28 containing 82 %
cholesteryl oleyl carbonate (Aldrich, USA)
and 18 % cholesteryl chloride (Chemical Re-
agents Plant, Kharkiv, Ukraine).

The X,,,, values of selective reflection
peaks were determined from optical trans-
mission spectra measured in a 10 um thick
temperature-controlled cell using a Hitachi
330 spectrophotometer in a similar way as
described previously [13]. The appropriate
quantities of component substances were
mixed in the state of isotropic liquid, and
the mixture obtained was introduced be-
tween the measurement cell walls by capil-
lary forces. The cell thickness was set by
Mylar spacers. To ensure good planar tex-
ture with clear and reproducible selective
reflection peaks, before introduction of the
mixture the cell walls were immersed in a
0.5 % water solution of polyvinyl alcohol,
dried and rubbed in one direction by a soft
tissue, ensuring good planar texture with
clear and reproducible selective reflection
peaks.

UV irradiation was carried out using a
UV illuminator based on a DRT-240 mer-
cury lamp. The energy illuminance dose val-
ues were set by varying the exposure time
and the distance between the cell and the
illuminator output window [14]. Two types
of filters were used: UVC-2 (transparent in
the 250-370 nm range) and ZhS-10 (trans-
parent above 400 nm).

3.Results and discussion

Typical examples of X,,(T) depend-
ences measured for different concentrations
of nematic ZhK-440 and cholesteric M23 be-
fore and after UV irradiation are shown in
Fig. 1. Characteristic features of the results
obtained can be summarized as follows. At
relatively high concentrations of ZhK-440
(65 %) shifted to shorter wavelengths
under UV irradiation, in the same way as it
was noted in [5—10]. The shift, as it could
be expected, increased with the exposure
dose. The use of a UVC-2 filter practically
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Fig. 1. Selective reflection maximum A,  as
function of temperature for cholesteric sys-
tems: I — M23 (mixture of cholesterol deriva-

tives), 2,3 — 90 % M23 + 10 % nematic
ZhK440, 4-7 — 65 % ZhK-440 + 35 % M23
before (2,4) and after (3,5,6.7) UV irradiation.
Irradiation conditions: 3,6 — 2 mW/ em?, filter
UVC-2; 6 — 10 mW/cm?2, without filter; 7 —
10 mW/cm?, filter UVC-2.

did not affect the observed behaviour. On
the contrary, at low concentrations of ZhK-
440 (10 %) A,,,, shifted to longer wave-
lengths in conformity with the sign of
Ohpax/OT. It could be assumed that the total
observed shift of A,,, was a sum of at least
two contributions of different nature. At
small concentrations of ZhK-440 (i.e., at
small  concentrations of cis-molecules
formed) the system behaves itself as a "nor-
mal” cholesteric, while at larger concentra-
tions cis-molecules appear to induce an
anomalous contribution to helical twisting.
Analyzing the data of [6, 10], a certain cor-
relation can be noted between the UV-in-
duced *,,,, shift and the value of oA, /0T
(though no cases of UV-induced shifts to-
wards longer wavelengths were reported).
Moreover, it appears (from the same data)
that "blue” A,,,, shifts are less pronounced
for systems containing cholesterol esters.
This is quite natural, since cis-molecules,
with their smaller anisometry, do not give
rise to extra twisting characteristic for ne-
matic-cholesteric mixtures [11, 12]; thus, in
the presence of cholesterol esters, UV irra-
diation should decrease the twisting origi-
nating from this factor. Still, the "blue”
shift persisted, and it should be due to a
cause that has never been considered in the
existing theories of helical twisting.

To make sure that conditions of our ex-
periments were essentially similar to those
of [6—-10], our UV-irradiated samples where
cis-isomers had been presumably formed
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Fig. 2. Selective reflection maximum 2, . as

function of temperature for 25 % M5 +
75 % ZhK-440 before (1) and after (2,3) irra-
diation. 2 — UV irradiation without filter,
10 mW/cm?; 3 — light irradiation using fil-
ter ZhS-10, 10 mW/cm?.

were irradiated by light with longer wave-
length; specifically, we used our illuminator
with a ZhS-10 filter transmitting light only
above ~400 nm (Fig. 2). As it could be ex-
pected, the initial state was largely restored
(though the efficiency of this "inverse”
process of cis-trans transformation was
much lower).

To explain the anomalous "blue” shift of
Amaxs the following path of reasoning is
proposed. The cis-molecules formed, as dis-
tinet from their frans precursors, have no
distinguished geometric anisometry, and
their structure is essentially planar [7]. In
the conditions of the cholesteric phase with
its strong local biaxiality [11], this can
favor specific ordering features of the cis-
molecules in the helically twisted matrix.
Namely, while trans-molecules are almost
free to rotate around their long axis (as is
typical for ordinary nematies), the corre-
sponding rotation of cis-molecules is sub-
stantially hindered; in fact, they are ex-
pected to be predominantly stabilized in two
different orientations, i.e., with "up” and
"down" directions of their short molecular
axes. If we consider each of these orientation
as a separate molecular species, they should
be considered as effectively chiral. (This idea
is, in fact, not new — in relationship to other
types of isomerizable nematic molecules, it
was earlier proposed in [15, 16]).

There is a well-known principle of the
"closest packing” forwarded by Kitaigorod-
ski [17], according to which a molecule in
the crystalline phase tends to assume the
conformation that ensures the highest pack-
ing density. A similar principle was pro-
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Fig. 3. Dielectric permittivity as function of frequency for ZhK-440 (a) and ZhK-440 + 2 % M23

(b) before and after UV irradiation.

posed for liquid crystalline orientational or-
dering — a molecule tends to assume the
conformation ensuring the highest molecu-
lar anisometry (this is realized, e.g., for
long alkyl chains in the nematic matrix)
[18]. We can suppose that in a similar way
a molecule introduced into the cholesteric
mesophase tends to assume the orientation
that corresponds to the sense of the already
formed cholesteric helix. Hence the cis-iso-
mer molecules of an azobenzene or azoxy-
benzene compound act as effectively chiral
components, increasing the helical twisting
and leading to smaller helical pitch and
Amax Values shifted to smaller wavelengths.

To check the validity of our assumption,
we studied dielectric permittivity € as func-
tion of frequency f in systems of our type
(i.e., azoxy nematics + cholesterol esters)
before and after UV irradiation. Charac-
teristic inflections are normally observed on
&(f) plots at certain f values that correspond
to reorientation frequencies of anisometric
molecules [19]. It could be expected that the
loss of rotation freedom by azoxy cis-mole-
cules formed in the cholesteric phase will be
reflected in a shift of the characteristic fall
of ¢ towards lower frequencies.

The experimental set-up for dielectric
permittivity measurements was essentially
the same as described in [20]. In the ZhK-
440 + M283 system, M23 concentrations en-
sured helical pitch values of 2—8 um deter-
mined by the Cano wedge method. UV irra-
diation conditions were similar to those
used for induction of changes in A,,.  as
described above. The &(f) dependences ob-
tained are shown in Fig. 3.

Peculiar features of the experimental in-
stallation used set a limited frequency
range (up to ~4-105 Hz), which did not
allow to reach the inflection point. How-
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ever, it can be seen that the frequency of
the "onset” of the decrease in & is clearly
shifted to smaller f values after UV irradia-
tion when the chiral component is present.

4. Conclusion

Our results, though preliminary and
qualitative, support our above-proposed pic-
ture explaining anomalous twisting behav-
ior of mixtures of azoxy nematics and cho-
lesterol esters under UV irradiation.

Still another conclusion follows from our
results. As first shown in our study, the
UV-induced helical pitch changes in mix-
tures of azoxy nematics and chiral compo-
nents can be positive or negative, with the
sign and magnitude of these changes can be
easily adjusted by varying the component
concentration. In combination with revers-
ible character of these UV-induced effects,
this makes the systems studied very promis-
ing for application in tunable dye lasers.
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Boaus Y ®-onpoMiHIOBAHHSA HA CEJIEKTHBHE BiIOMBaHHSA
Ta MieJJeKTPUMYHi BJIACTHBOCTiI cymimieil ecTtepis
X0JieCTepUHY 3 (DOTOAKTHBHUMHU HEeMATHKAMMH

M.I.Cepbina, JI.M.JTuceyvruii, I.A.I'e03006cvruil,
O.B.Kosanvuyk, I''C.Hunasn

Pigkorkpucraniunai cymimnii ectepiB xoJsiecTeprHy Ta HeMATHKiB Ha OCHOBi a3oKcHOeH30JiB
POBIIIAHYTO AK HPUKJIaAU ¥YDP-UyTIUBUX CHUCTEM 3 (DOTOAKTUBHOI HEMATUUHOIO MATPUILEIO
Ta He(dOTOaKTUBHUX XipaabHux KommoHeHTiB (XK). Bmict XK BapiroBanu y mexax 35—
90 % 3 OTPUMAHHAM CeJeKTMBHOTO BifIGMBAHHA 3 MaKCUMyMOM A, .. y BuAuMi# obaacTi Ta
pisHMM XapakTepoM Iioro sMiHu 3 TeMuepartypoio. IIpm Bucokux KoHueHTpamiax XK, Y-
ingykoBaHa 3MiHa A ,. (KPoKy cmipani) Bigmosigana smaky dA,,./dT Buxigsoi cywmimi, si
3HUIKEHHSAM TeMIIepaTypu i30TPOIHOrO mepexoxy BHACIIZOK YTBOPEHHS HEMe3OTeHHUX 1 He-
xiparpEMX yuc-izomepis. Ilpm HmxKumx Kommernrpamisx XK A, ..
BUIIAIKaX, HE3aJEeKHO Bij B3HAKY dkmax/dT. 3amnpoIOHOBAHO MOSICHEHHS TaKol 0Cco0JImBOI
TMOBEJiHKU CIIipaJbHOTO 3aKPYUYBaHHS HA OCHOBI yABJIeHBL PO e(PeKTUBHY XipaJbHICTH BIO-
PASKOBAHUX UYUC-MOJIeKYJ. 3poOJIeHI HpumymieHHS Y3TOMKYIOThead 3 YD-iHIYKOBAaHUMU
3MiHaMU JieleKTPpUYHOI TPOHUKHOCTI. OOGTOBOPIOIOTHCA MOJKJIMBOCTI IIPAKTUUYHOTO 3aCTOCY-
BaHHA JOCIiKEHUX CUCTEM.

3MEHIIIyBajaci B ycCix
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