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A photochromic diarylethene, 1,2-bis(2-methyl-5-p-methoxyphenyl-3-thienyl)-
perfluorocyclopentene (1a), forms four kinds of polymorphic crystals by recrystal-
lization from the hexane solution. X-ray crystallographic analysis of the needle
crystals among four polymorphic forms indicated that the diarylethene is orien-
tated into herringbone nanolayered structures. The crystal exhibited photochro-
mism upon photoirradiation. Alternate nanolayered structures composed of
open- and closed-ring isomers were formed by irradiation with polarized visible
light after irradiation with ultraviolet light.
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INTRODUCTION

Photochromic compounds which exhibit the photochromic reactivity in
the crystalline phase are very rare [1]. In most cases photogenerated
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isomers in the crystal are thermally unstable [2-6]. We found that
some diarylethene derivatives undergo photochromism in the single-
crystalline phase and the photogenerated colored isomers are stable
in the dark [7-13]. Thermally irreversible and fatigue resistant photo-
chromic crystals can be potentially applied to various optoelectronic
devices, such as holographic and three-dimensional optical recording
memories [14-17].

During the course of study of single-crystalline photochromism, we
found that 1,2-bis(2-methyl-5-p-methoxyphenyl-3-thienyl)perfluorocy-
clopentene (1a) forms four polymorphic crystals when recrystallized
from the hexane solution [18]. This paper is focused on photochromism
and a packing diagram of the needle crystals among four polymorphic
forms. The diarylethene in the crystals was packed in herringbone
structures.

RESULTS AND DISCUSSION
X-ray Crystallographic Analysis

When diarylethene 1la was recrystallized from the hexane solution,
four different shapes of crystals were obtained. X-ray crystallographic
analysis of the crystals indicated that they are polymorphic forms.
One of them has needle shapes. The needle crystals had a space group
of monoclinic P2;/c and Z =4 [18]. The unit cell volume was
2620.1(9) A% Figure 1 shows ORTEP drawing of 1a. The photocycliza-
tion reactivity in the crystal depends on the distance between the
reactive carbon atoms [19]. When the distance is larger than 4.2A,
the photocyclization reaction does not take place in the crystalline
phase. However, when the distance is shorter than 4.0 A, the diary-
lethenes can undergo an efficient photocyclization reaction. The dis-
tance between the reactive carbon atoms of 1la in the crystal was
3.59 A. The distance was shorter enough for the photocyclization reac-
tion to take place in the crystalline phase.

Figure 2 shows a molecular packing diagram of 1a in the crystal.
The long axes of two diarylethene molecules in layers A and B are per-
pendicular to each other. The diarylethenes in the same direction are
packed in layered structures. In other words, the crystal has herring-
bone structures.
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FIGURE 1 ORTEP drawing of 1a. The ellipsoids are drawn at 50% prob-
ability level. The distance lgetween the reactive carbon atoms, C1-C10, shown
by a dashed line was 3.59 A.

Photochromism in a Single-Crystalline Phase

Single crystal 1a turned blue upon irradiation with 370-nm light. The
photogenerated blue color is due to the formation of the closed-ring iso-
mer 1b. The photogenerated blue color of the crystals disappeared
upon irradiation with visible light (1>500 nm). Figure 3 shows polar-
ized absorption spectra of the colored crystal at a certain angle
(0 = 45°). When the crystal was rotated as much as 90°, the absorbance
of the crystal was not changed (§ =135°). Well-defined absorption ani-
sotropy was not observed as can be seen from Figure 3b. Molecules are
packed in two different orientations, which are almost perpendicular
to each other. This suggests that the diarylethenes in both layers A
and B were converted to the closed-ring isomers.

FIGURE 2 Molecular packing diagram viewed from the (100) face (a) and the
typical molecular structures (b) of crystal 1a in layers A and B.
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FIGURE 3 Polarized absorption spectra (left) and the polar plots of the absor-
bance at 600 nm (right) after irradiation with nonpolarized 370-nm light.

Partially Bleaching Reaction

As described above, the diarylethene molecules in the crystal are
packed as shown in Figure 2. The long axes of the molecules are
oriented perpendicularly to each other. This suggests that linearly
polarized light can selectively bleach the closed-ring isomers. The col-
orless crystal was irradiated with 370-nm non-polarized light to give
the blue-colored crystal. The diarylethenes in the layers A and B were
converted to the closed-ring isomers. When the colored crystal was
irradiated with linearly polarized light (1>570nm) in the direction
of 135°, the colored closed-ring isomers along the polarized light were
preferentially bleached and the molecules oriented perpendicularly
to the irradiated polarized light were hardly bleached. Figure 4
shows the polarized absorption spectra and the polar plots. The order
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FIGURE 4 Polarized absorption spectra (left) and the polar plots of the absor-
bance at 600 nm (right) after irradiation with nonpolarized 370-nm light and
then partial photobleaching upon irradiation with polarized visible light
(A > 570nm).
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FIGURE 5 Schematic illustration for photochromism of single crystal 1a.
Black-indicated layers in the right side indicate the layers of the colored
closed-ring isomers.

parameter ((A — A;)/(A) +2A,)) was determined to be 0.75 after the
partial bleaching. The increase in the order parameter up to 0.75
suggests that the partially bleaching reaction took place under the
polarized light. This indicates that molecules in only layer A returned
to the initial colorless open-ring isomers and that the crystal was com-
posed of alternate open- and closed-ring isomer nanolayered struc-
tures, as shown in Figure 5.
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