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UV Induced Photoalignment and Colour Change in
Nematic Liquid Crystals with Provitamin D Dopant

I. Gvozdovskyy
T. Orlova
I. Terenetskaya
Institute of Physics, National Academy of Sciences of Ukraine,
Kiev, Prospekt Nauki, Ukraine

Adsorption of provitamin D3 molecules at glass=quartz substrate surface of a LC
cell provided uniform alignment of nematic LCs in homeotropic orientation that
was changed to the planar one under linearly polarized UV irradiation. Reversible
switching between the two orientations has been achieved by applied electric field.
The effects revealed are usable in optical imaging and data storage, in LC display
technology and other applications.
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INTRODUCTION

Provitamin D photoisomerization is the first step in the complex
network of vitamin D synthesis. UV irradiation of initial provitamin
D within its absorption band (240–315 nm) leads to formation of pre-
vitamin D by photoinduced hexadiene ring opening which is further
converted into vitamin D by thermoinduced intramolecular hydrogen
shift. However, previtamin D is not stable to UV radiation and under-
goes a number of side photoconversions, its cis-trans photoisomeriza-
tion i nto tachyst erol is the most efficient one (quan tum yie ld u � 0: 42)
( Fig . 1) [1].
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Provitamin D3 (7-dehydrocholesterol, 7-DHC) was used as chiral
dopant in the nematic liquid crystalline (NLC) matrix for direct moni-
toring of the vitamin D synthetic capacity of sunlight [2]. Under UV
irradiation the molecular conformation of steroid moiety of provitamin
D molecule was altered by the photoconversions and thus affected the
cholesteric pitch and the wavelength of selective reflection band.
Excellent correlation between the decrease in the Cano-Grandjean
lines number and previtamin D accumulation in vitro was observed
under UV irradiation of the two component LCmixture (NLCþ 7-DHC)
in the wedge-like cell [3]. In cholesteric LCs dissolution of 7-DHC
affected the initial macrohelix pitch and changed it under UV
irradiation resulting in the LC sample colour change [4].

In what follows we will present our results on the new, uncommon
application of provitamin D photochemistry for the LC photoalignment
as far as development of the photoalignment covers that provide hom-
ogenous structure of a LC phase is actual problem in the technology
of new liquid crystalline materials with specified properties [5–9].

FIGURE 1 The reaction scheme of vitamin D synthesis: Pro - provitamin D;
Pre - previtamin D; T - tachysterol; L - lumisterol; Tox - toxysterols; D -
vitamin D. R ¼ C9H17, vitamin D2 series; R ¼ C8H17, vitamin D3 series.
Numbers with arrows denote the photoconversions quantum yields.

200 I. Gvozdovskyy

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
9:

30
 2

2 
A

ug
us

t 2
01

2 



RESULTS

For the first time the photosensitive molecules of provitamin D3 were
incorporated in the PMMA network and the photoaligning ability of
the film 7-DHCþPMMA was investigated. Using linearly polarized
UV irradiation, the effective photoalignment (planar orientation)
was obtained for a number of commercially available nematic LCs
(ZLI 4801.000, ZLI 2806 and E7 (Merck) [10]. It is significant that in
the case of composite film 7-DHCþPMMA, unlike the majority of
known photoaligning coatings, the light-induced orientation axis is
parallel to the polarization vector of the incident UV light.

In further studies provitamin D3 molecules were adsorbed at the
substrate surfaces of a LC cell and the effect of UV irradiation on
the nematic LCs orientation was investigated [11]. Although it is
known that orientation of LC molecules can be altered by photochemi-
cal transformations of the molecules adsorbed at the substrate surface,
this effect is most pronounced for the photoisomerization between cis
and trans configurations that is accompanied by excessive differen-
tiation in their orientation ability for the nematic LC molecules.
According to the Friedel-Creagh-Kmetz empirical rule a LC orien-
tation is dependent on the ratio between the critical surface tension
of LC (cLC) and the surface energy of the substrate (cS), i.e. homeotro-
pic (H) orientation is occurred when cLC > cS and planar (P) orien-
tation is observed in opposite case when cLC < cS [12].

It has been found that adsorption of provitamin D3 molecules at
glass=quartz substrate surface in a LC cell (thickness of
10� 60 mm) provides uniform alignment in homeotropic orientation
of nematic LCs with negative (De < 0) and positive (De > 0) dielectric
anisotropy (ZLI-2806 and E7 correspondingly). The photochemical
transformations of adsorbed provitamin D3 molecules initiated by lin-
early polarized UV radiation from a high-pressure mercury lamp
directed at the fixed angle to the substrate surface were accompanied
by the change in the LCs orientation. Depending on the UV exposure
the transition from homeotropic to planar orientation has been
rev ealed in both nematic LCs. We ll-defined differenc e betw een non-
irradiated (dark peripheral) and irradiated (bright central) parts of
the LC cells (H and P orientations) was observed when the LC cells
wer e placed betw een cros sed polariz ers ( Fig s. 2a and 2c). It is worth
noting that this effect also can be used for optical imaging and data
storage.

Additionally a possibility of electrically controlled change in the LC
orientation was investigated that is of primary importance for the LC
display technology [13]. With this aim provitamin D3 molecules were
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adsorbed at the glass plates coated with thin ITO (Indium Titan Oxide)
filmandTransmission-Voltage characteristics of theLC cellswere stud-
ied using standard optical schemewith He-Ne laser as a light source. In
so doing we kept polarizers crossed for the ZLI-2806 sample where the
H)P transition (B-effect) was expected and the polarizers were paral-
lel for the E7 samplewhen theP)H transition (S-effect) was assumed.

For the both samples it has been observed that the initial trans-
mission was kept close to zero as long as the applied electric field
voltage increased from 0 up to 2.5V. With further voltage increase
we observed monotonic transmission increase up to 96% for the non-
irradiated peripheral part of the LC cell with ZLI-2806 that was indica-
tive of theH)P transition. Nonmonotonic transmission increase up to
90% was observed for the irradiated central part of the LC cell with E7
(P)H transition). The remarkable difference in the electrically
controlled orientation of the LCs with negative and positive dielectric
anisotropy is easily seen in the photographies 2b) and 2d) where both
LCs between crossed polarizers are shown for the applied voltage 4V.

FIGURE 2 Electrically inducedH)P transition in the non-irradiated part of
the LC cell with ZLI-2806 (a, b) and P)H transition in the irradiated part of
the cell with E7 (c, d)
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CONCLUSIONS

Uniform homeotropic alignment of nematic LCs was attained by the
thin film of adsorbed molecules of provitamin D3. Homeotropic orien-
tation was changed for the planar one by linearly polarized UV
irradiation, and reversible switching between the two orientations
was achieved by applied electric fields. We believe the effect revealed
is capable to provide high pixel contrast in the LC display technology.

REFERENCES

[1] Jacobs, H. J. C. & Havinga, E. (1979). Photochemistry of vitamin D and its isomers
and of simple trienes. In: Advances in Photochemistry, Pitts, J. N., Hammond, J. S.,
& Gollnick, K. (Eds.), Vol. 11, Wiley: New York, 305–373.

[2] Terenetskaya, I. & Gvozdovsky, I. (2001). Photosynthesis. Mol. Cryst. & Liq. Cryst.,
368, 551–558.

[3] Gvozdovskyy, I. & Terenetskaya, I. (2002). Development of personal UVB biosensor:
Detection of previtamin D photosynthesis. In: ‘‘Biologic Effects of Light 2001’’,
Holick, M. F. (Ed.), Kluver Academic Publishers: Boston, 341–353.

[4] Aronishidze, M., Chanishvili, A., Chilaya, G., Petriashvili, G., Tavzarashvili, S.,
Lisetski, L., Gvozdovskyy, I., & Terenetskaya, I. (2004). Mol. Cryst. & Liq. Cryst.,
(accepted for publication).

[5] Ichimura, K., Suzuki, Y., Seki, T., Hosoki, A., & Aoki, K. (1988). Langmuir, 4, 1422.
[6] Gibbons, W. M., Shannon, P. J., Sun, S. T., & Swetlin, B. J. (1991). Nature, 351,

49–53.
[7] Kawanishi, Y., Suzuki, Y., Sakuragi, M., Kamezaki, H., & Ichimura K. (1994). J.

Photochem. Photobiol. A: Chemistry, 80, 433–438.
[8] Yaroschuk, O., Pelzl, G., Reznikov, Yu., Zaschke, H., Kim, J.-H., & Kwon, S. B.

(1997). Jap. J. Appl. Phys., 36, 5693–5695.
[9] Ruslim, C. & Ichimura, K. (2001). Photocontrolled alignment of chiral nematic

liquid crystals. Adv. Mater., 13, 37.
[10] Gvozdovsky, I. A. & Terenetskaya I. P. (2002). Surface, 2, 80–83 (In Russian).
[11] Gvozdovskyy, I. & Terenetskaya, I. (2002). J. Sci. & Appl. Photo., 47, 45–50

(In Russian).
[12] De Gennes, P. G. (1974). The Physics of Liquid Crystals, Clarindon Press: Oxford.
[13] Blinov, M. & Chigrinov, V. G. (1994). Electrooptic effects in liquid crystalline mate-

rials, Springer-Verlag: New York, Inc., 154–155.

UV Induced Photoalignment and Colour Change 203

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
9:

30
 2

2 
A

ug
us

t 2
01

2 


