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COLOUR CHANGE EFFECT BASED ON PROVITAMIN D
PHOTOTRANSFORMATION IN RIGHT AND LEFT-HANDED
CHOLESTERIC LIQUID CRYSTALLINE MIXTURES

M. ARONISHIDZE, A. CHANISHVILI, G. CHILAYA, G. PETRIASHVILL; S.
TAVZARASHVILI, L. LISETSKI, N.KIREYEVA ,» 1. GVOZDOVSKYY, L. TERENETSKAYA

ABSTRACT. It has been shown that UV radiation can produce observable color
changes in induced cholesteric systems (nematic + optically active dopant) ad-
ditionally doped with ergosterol (provitamin D). The effect is based on the
photoinduced conversion of ergosterol into vitamin D2, which has the opposite
sign of its helical twisting power. For better understanding of the phototrans-
formation mechanism, the cholesteric systems were also doped with vitamin
D3. The observed shifts of the selective reflection peaks (more than 30 nm
after 10 min of UV irradiation) allow both instrumental and visual monitoring
of biologically active UV radiation.

Introduction. The cholesteric mesophase is an excellent medium scnsitive to the
smallest changes in molecular structure [1]-[3]. Photo-optical effects in absorb-
ing liquid crystals (LC) have been studied mostly in systems where the chemical
structure or conformation of the constituent molecules is changed by irradiation.
A colour shift in induced cholesteric LC systems (mixtures of an achiral LC with
an optically active mesomorphic or non-mesomorphic dopant) [4]-[6] was observed
when a conformationally active dye was added to a cholesteric liquid crystal [7), or
when a photoisomerizable chiral compound was used as a chiral dopant [8]-[11], or
when of a photoisomerizable nematic component was used in induced cholesteric
mixtures {12]-]13].

In this work we continue the realization of a new idea [14]-{15]: the use of
vitamin D derivatives as chiral dopants in induced cholesteric structures. This
approach is very promising for a new application of liquid crystals - devclopment,
of photosensitive cholesteric mixtures controlled by the solar UV irradiation [14]-
(16].

Materials and methods. The induced cholesteric liquid crystals used in our
study should have a broad temperature range of the mesophase. It is important
for the UV biosensor that its helical pitch should be temperature independent (or
weakly dependent). Moreover, the cholesteric mixture used should be composed of
a nematic host and a chiral dopant, both non-photoisomerizable and transparent
in the visible and near-UV ranges.

As it can be seen from Fig.1, the most suitable nematic components from the
viewpoint of their UV transparency are cyclohexyl cyclohexanes.

Thus, we sclected the nematic mixture ZLJ — 1695 (Merck) as our nematic host,
which is the mixturc of cyclohexyl cyclohexanes

R = C,, C3, Cy4, Cywith nematic range 13-72 °C.
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FIGURE 1. Absorption edge of liquid crystals (layer thickness =
10pm) [17].
R CN
As chiral dopants, we used left-handed ZLI — 811 (S ~ 811) and right-handed
ZLI — 3786 (R — 811). The molar mass for both dopants M = 454.6 g-mole™?,
melting point 48 ° C, rotatory power (HTP) - [a]} ooz = £ 26° dm ™! (g/ml)~!;
O
H,:CO —@._{ o
O—©_< CHS
o0— ;
CsHys
S-811 ‘
The absorption spectrum of 1% solution of S — 811 in ZLI — 1695 is shown in
Figure2.
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FIGURE 2. Absorption spectrum of 1% solution of S — 811 in ZLI1695.

As it is known, under UV irradiation provitamin D is converted, via intermediate
photoconversion stages ! , into vitamin D{18]-19].

As it can be seen from the scheme, vitamin Dy is formed from ergosterol as a,

result of breaking of the chemical bond between the 9th and 10th carbon atoms in
the ring B, which occurs under UV irradiation.

Provitamin Dj (ergosterol) induces right-handed helical twisting in nematic lig-
uid crystals. while the helix induced by vitamin Dy is left-handed [20]

. Unfor-
too small for induction of a cholesteric structure with helical pitch values ensuring

selective reflection in the visible range [20]. Therefore, our first idea of the liquid-

tunately. the helical twisting power of compounds from the vitamin D group is
crystalline UV biosensor consisted in the use of a wedge-like LC cell filled with the

1 The terminology ”

vitamin D” is employed here in general sense, as two principal chemical
species of this kind are available. Vitamins D2, or ergocalciferol (CogHyy 0O) and D3, or cholecalcif-
erol (C27H44O)

respectively.

are produced from their precursors ergosterol and 7-dehydrocholesterol (7-DHC),
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two-component mixture (NLC + provitamin D). In this case the reduction of the
number of Cano stripes should be proportional to the absorbed UV dose [14]-[16].
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FIGURE 3. Temperature dependence of the selective reflection
peak for mixtures: 1 - 73%ZLI-1695 + 27%ZLI-811R; 2 -
92%(73%ZLI1-1695 + 27%ZLI-811R) + 8%ProDg; 3 - 92%(73%ZLI-
1695 + 27%ZLI-811R) + 8%D3

Our next idea was to add one of the substances of the vitamin D group - provi-
tamin Do, or crgosterol - to a cholesteric mixture already possessing its pitch in
the visible range [21]-[24]. In these experiments, we doped right- and left-handed
cholesterics with provitamin Dy and recorded the resulting color changes (i.c., the
helical pitch variation) due to photoisomerization of provitamin Da. To check the
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general course of the phototransformation reaction, we also doped the cholesteric
compositions with vitamin Dy under the same conditions. Ergosterol and vitamin
D5 used in our experiments were obtained from Sigma.

The experimental studies were carried out using a standard sandwich-type cell
(thickness ~ 10 um). The transmission spectra measurements werc made at room
temperature using a Specord M40 spectrophotometer. A 100W medium pressure
mercury lamp and a filter transparent in the wavelength range 290-400 nm were
used in our UV irradiation setup.

Results and discussion. Depending on the handedness of the initial cholesteric
structure, the pitch, after doping by ergosterol or vitamin Dy, can either increase
or decrease (Figs 3, 4).

Wiavelength, nm

Tem parature, &

FIGURE 4. Temperature dependence of selective reflection peak for
mixtures: 1-73%ZLI-1695 + 27%ZLI-811S; 2 - 92 %( 73%ZLI-1695
+ 27%ZLI-811S) + 8%ProDs,; 3 - 92 %(T3%ZLI-1695 + 27%ZLI-
8118) + 8%D2

Under UV irradiation, as a result of photo transformation of ergosterol, the
pitch changed in the opposite direction, i.e., back to the pitch values for the initial
(undoped) cholesteric structure and further on (Figs. 5 and 6). This is in agreement
with the data on the effective helical twisting sense of vitamin Dy, known to be
opposite to that of ergosterol [19].

We also studied changes in the selective reflection peak position after irradiation
had stopped. As shown in Figs. 5 and 6, the selective reflection peak is continued
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to be shifted further on. This fact indicates that not all molecules of provitamin Dz
are transformed to vitamin Dy during irradiation. This is also in agreement with
the experimental fact that just by means of UV-induced transformation we cannot
reach the selective reflection peak values obtained by doping the cholesteric matrix
with vitamin Ds. A similar behaviour was earlier observed with another cholesteric
matrix [24].
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FIGURE 5. Exposure time dependence for mixture: 92%(73%ZLI-
1695 + 27%ZLI-811R) + 8%ProDs.

The values of the selective reflection peak changes with UV exposure (the colour
change) were different in case of the two cholesteric matrices (Fig.5 and Fig.6). In
the first case, a pronounced colour change (~ 25 nm shift) was obscrved as a result
of 2 min exposure (Fig.6), but in the other case. the colour change (~ 30 nm shift)
was observed after 10 min exposure (Fig.5).

Conclusions. 1. We have shown a possibility of UVB radiation (280-315nm) de-
tection by monitoring the helical pitch changes caused by the photo induced trans-
formation of provitamin D to vitamin Dy in the cholesteric matrix.

2. The developed cholesteric sensor material, comprising a nematic LC mix-
ture, a UV-insensitive chiral dopant and 8-10% of ergosterol, displayed shifts of
the selective reflection peaks by up to 25-30 nm after 2-10 min of UV irradiation,
making possible both instrumental and visual (by color change) monitoring of UVB
radiation.
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