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Novel Optical Functions of Compounds
Derived from Cholesterol
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National Institute of Materials and Chemical Research”
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Abstract : A new cholesteric liquid crystals that respond quickly to stimuli such as
temperature change or photoreaction of a doped compound in a liquid crystalline phase were
found and stable molecular ordering below 80°C in the solid state brought about by rapid cooling
from the liquid crystalline phase was noted. By changing the temperature at which rapid cooling
start or degree of photoisomerization of photochromic compounds, colors from the visible spectral
region reversibly fixed as interference colors. The compounds exhibited surface-directed self-
assembly in a helical molecular ordering to form optically reflecting solid film on spin-coating from
solution. All these may be considered properties of liquid crystals of medium-molecular-weight
with over 1000 mass units. Through these properties, it is possible to obtain a re-writable full color

recording in a photon or thermal mode.

Key words : cholesteric, color, recording, photochromism, photoisomerization, azobenzene,
self-assembly, solid film, medium molecular weight
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Fig. 1 Molecular alignment and optical property of the cholesteric liquid crystalline phase.
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Fig. 2 Chemical structures of dicholesteryl esters with the medium

molecular weight.
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Fig. 3 Transmission spectra of colored solid films
obtained by changing the temperature at which
quick cooling process started. circle : 115°C ;
diamond : 105°C ; triangle : 100°C ; square : 95
°C. Negative peak for each film in the measure-
ment of transmission are not due to absorption of
the film but due to reflection, which is verified by
the coincidence of the position of the positive
peaks in separate experiments of reflection
spectra.
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Fig. 4 Relationship between temperature at which

quick cooling process started and the wavelength
of peaks in transmission band for the solid
chdlesteric films. The temperature was control-
led and measured with a hot stage (Metler FP-80
and FP-82).
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Fig. 5 DSC thermograms of 1-8 on heating from the
blue, green or red solid states. Top, from red
solid state ; middle, from green solid state ;
bottom, from blue solid state.
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Fig. 6 Chemical structures of synthesized dicholesteryl esters.
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Fig. 7 Optical rotation dispersion (solid line with closed
circles) and circular dichroism spectrum (solid
line) of the red solid film. -
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Fig. 8 Relationship between the surface temperatures
of the substrate and the wavelength of peaks in
the transmission band for the colored solid films
obtained from 1-8. The temperature was control-
led and measured with a hot stage (Iuchi Thermo
Plate TP-80).
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Fig. 9 DSC thermograms at cooling rate of 2°C/min for
the mixtures of 1-8 and 1,2-dichloroethane in
different ratios. The concentration of 1-8 is noted
above each line.
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Fig. 10 Photographs of letters of alphabet and a dog recorded on cholesteric solid
films. This photograph is taken at room temperature. The size and the
thickness of the glass plates are 18 X 18 mm and 0.13 mm, respectively. The
thickness of the cholesteric films, controlled by the amount of the compound
and the pressure during the preparation of the sample, was 10~20 um.
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Fig. 11 A photograph of letters of alphabet recorded on
a cholesteric solid film. A cholesteric solid film
fixed in blue color between two glass plates was
heated in imagewise manner by CO; laser and
cooled down at room temperature. Heated area
was fixed in red color.
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Fig. 12 Transmission spectra, a and b, of a cholesteric
solid at image area (red) and background
(blue), respectively.
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Fig. 13 Chemical structures of doped azobenzene
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Fig. 14 Transmission spectra of the super-cooled solid films of a mixture consisted of
1-8 and 6¢ (99 : 1 weight ratio) with 10 ym thickness. Four solid films were
prepared by dipping the mixture between two glass plates into ice-water after
exposure to 366 nm light with different irradiation energy at 90°C. Plots of
Amax of reflection band and conversion from trans to cis against irradiation
energy are shown in the right-bottom corner.
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Fig. 15 Amax of the reflection band for the super-cooled
solid films of mixtures consisted of 1-8 and 6¢ in
different ratios. Solid films were prepared by
dipping the mixture between two glass plates
into ice-water with () and without (@)
exposure to 366 nm light at 93°C. Irradiation
energy that attain a photostationary state was
492 mJ/cm?.

150
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Almax (nm)

0 5 10 15 20

Carbon number of alkyl chain of azobenzne
Fig. 16 The change in Amax/Amax@ as a function of
carbon number of substituted alkyl chain of
azobenzenes 6a, 6b, 6¢, 6d, 6e. (a) : Before
irradiation of the films including 2 wt% of trans-
azobenzenes. (b) : Before irradiation of the
films including 1 wt% of trans-azobenzenes. (c)
. After irradiation of the films including 2 wt%
of the azobenzenes with 366 nm-light (azo-
benzenes changes almost cis forms). (d) : After
irradiation of the films including 1 wt% of the
azobenzenes with 366 nm-light (azobenzenes
changes almost cis forms).
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Fig. 17 A transmission spectrum of a super-cooled solid
film obtained without irradiation and the
change in transmission spectra of the solid films
obtained after irradiation while at room
temperature. Solid films were prepared by
dipping the mixture consisted of 1-8 and 6¢ (99 :
1 weight ratio) between two glass plates into
ice-water with or without irradiation to 366 nm
light at 88°C.
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Fig. 18 A photograph of the super-cooled solid films of
a mixture consisted of 1-8 and 6¢ (98 : 2 weight
ratio) between two glass plates. The size and
the thickness of the glass plates are 10 mm
(diameter) and 0.14 mm for the round samples.
The mixture was exposed to 366 nm light
through a mask at a certain temperature before
cooling by dipping it in ice bath. a, Samples
with mesh images. Temperature (°C) and
exposure energy (mJ/cm?) : sample on the left,
87, 246 ; sample on the right, 93, 246. b, A
sample with a resolution pattern. Temperature
(°C) and exposure energy (mJ/cm?) : 93, 492.
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