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Mechanical Behavior of Molecular Crystals Induced by Combination of
Photochromic Reaction and Reversible Single-Crystal-to-Single-Crystal
Phase Transition

Daichi Kitagawa, Kaito Kawasaki, Rika Tanaka, and Seiya Kobatake*

Department of Applied Chemistry, Graduate School of Engineering, Osaka City University, 3-3-138 Sugimoto, Sumiyo-
shi-ku, Osaka 558-8585, Japan.

ABSTRACT: We herein report a unique mechanical behavior of a molecular crystal induced by combination of a photochromic
reaction and a reversible single-crystal-to-single-crystal (SCSC) phase transition. A crystal of a diarylethene having octyl
group at both sides (1a) was found to undergo a reversible thermodynamic SCSC phase transition accompanying a change in
crystal length, which was clarified by DSC measurement, X-ray crystallographic analysis, and direct microscopic observation
of the crystal length. Furthermore, upon irradiation with ultraviolet light, the diarylethene crystal exhibited an unusual pho-
tomechanical behavior. The mechanism of the behavior was proposed based on photoisomerization of the diarylethene from
the open-ring isomer to the closed-ring isomer and a reversible thermodynamic SCSC phase transition, which was well sup-
ported by thermal bending behavior of a photoirradiated crystal.

Introduction

Mechanically responsive molecular crystals that exhibit
contraction, expansion, jumping, explosion, bending, twist-
ing, curling, and splitting by external stimuli such as light,
heat, and mechanical force have been widely investigated
for application to molecular machines, molecular rotors,
molecular robots, and artificial muscles.!-7 Such mechanical
responses are generally induced by changes in molecular
geometry and/or intermolecular interaction in the crystal-
line phase. Recently, some interesting examples of mechan-
ically responsive molecular crystals have been reported.
For example, Bardeen et al reported a ratchet-like rota-
tional motion of branched molecular crystals.® They re-
vealed that slow pH-driven reprecipitation of 4-fluoroan-
thracenecarboxylic acid from aqueous solution results in
the growth of branched microcrystals and a ratchet-like ro-
tation of the overall crystal can be induced by the twisting
of the branches upon photoirradiation. Reddy et al. success-
fully demonstrated a crystal engineering strategy to achieve
plastically flexible organic single crystals by introducing a
low frictional plane with weak interactions in structure,
which allowed molding the crystals into any shape.® Moreo-
ver, Naumov et al. reported a self-healing molecular crys-
tal.1® The separated crystals of dipyrazolethiuram disulfide
were healed by only mechanical compression due to the di-
sulfide bonding shuffling. Thus, these molecular crystals
provide not only unexplored aspects of the crystal chemis-
try of molecular solid but also a new possibility for molecu-
lar crystals as functional materials.

Among various external stimuli to induce mechanical re-
sponses, light is very useful tool because it can remotely in-
duce mechanical motions. From this point, a lot of photome-
chanical molecular crystals have been reported such as dia-
rylethenes,!1-2! furylfulgide,?? azobenzene,23-25 anthracene
carboxylates,26-33 salicylideneaniline,3435 4-chlorocinnamic
acid,’® 1,2-bis(4-pyridyl)ethylene salt3¢ benzylidenedi-
methylimidazolinone,” and others.37-3% Almost all of photo-
mechanical responses are caused by photoreactions of mol-
ecules in the crystalline phase such as 6m-electrocyclization,
dimerization, and cis-trans isomerization accompanying
changes in molecular geometry and/or intermolecular in-
teraction. In these systems, photomechanical responses de-
pend on the conversion ratio of photoreactions. The photo-
reaction in a whole crystal is required to achieve large, pow-
erful, and/or new photomechanical motions. However, in
many cases, the photoreaction does not occur in a whole
crystal owing to high absorbance of molecules in the crystal
and/or side reactions. If a photoreaction in alow conversion
ratio can cause a change in molecular arrangement in the
whole crystal, the nonlinear mechanical response relative
to the conversion ratio of photoreactions could be accom-
plished. To realize the nonlinear mechanical response rela-
tive to the conversion ratio of photoreactions, we have fo-
cused on a reversible thermodynamic single-crystal-to-sin-
gle-crystal (SCSC) phase transition of molecular crystals.
Although SCSC phase transition is rare, it has been attract-
ing much attention because of the possibility to provide un-
explored new functions.*0-#¢ SCSC phase transition can un-



Scheme 1. Molecular structure of diarylethene used in this work
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dergo in a whole crystal accompanying changes in molecu-
lar geometry and/or intermolecular interaction with no
cracks and breaks in the crystal. If a crystal can exhibit both
photoreaction and SCSC transition, it provides not only new
photomechanical phenomena but also strategy for design of
materials showing nonlinear mechanical response relative
to the conversion ratio of photoreactions.

In the course of study on photochromic diarylethene
crystals, we found that a diarylethene, 1,2-bis(2-methyl-5-
(4-octyloxyphenyl)-3-thienyl)perfluorocyclopentene (1a),
exhibits a reversible SCSC phase transition in addition to the
photochromic reaction. Herein, we report a unique photo-
mechanical behavior of a photochromic diarylethene crys-
tal induced by combination of a photochromic reaction and
a reversible SCSC phase transition. The SCSC phase transi-
tion of crystal 1a was fully investigated by DSC measure-
ment, X-ray crystallographic analysis, and direct observa-
tion of crystal length. Furthermore, the mechanism of the
unusual photomechanical behavior is discussed based on
both the photochromic reaction and the SCSC phase transi-
tion.

Experimental section

General. Solvents used were spectroscopic grade and
purified by distillation before use. 'H NMR spectra were rec-
orded on a Bruker AV-300N spectrometer at 300 MHz. Deu-
terated chloroform (CDCl3) was used as the solvent and tet-
ramethylsilane (TMS) as an internal standard, respectively.
High resolution mass spectra (HR-MS) were obtained using
a Bruker FT-ICR/solariX mass spectrometer. Matrix-as-
sisted laser desorption/ionization (MALDI) was used for
ionization. High-performance liquid chromatography
(HPLC) was carried out using a Hitachi L-7150/L-2400
HPLC system equipped with a Kanto Chemical Mightysil
Si60 column. Recycling preparative HPLC was conducted
using a JASCO UV-4075/PU-4086 HPLC system equipped
with two columns (JAI JAIGEL-2HR) using chloroform as the
eluent. Absorption spectra in n-hexane were measured
using a JASCO V-560 absorption spectrophotometer. Single
crystal X-ray crystallographic analysis was carried out using
a Rigaku AFC/Mercury CCD diffractometer with MoK
radiation (1 = 0.71073 A) monochromated by graphite. The
crystal structures were solved by a direct method using
SIR92 and refined by the full-matrix least-squares method
on F? with anisotropic displacement parameters for non-
hydrogen atoms using SHELXL-97. The polarized absorp-
tion spectra in the single-crystalline phase were measured

CgH170 OCgH17

using a Nikon ECLIPSE E600POL polarizing optical micro-
scope attached a Hamamatsu PMA-11 photonic multi-chan-
nel analyzer as the photodetector and a super high pressure
mercury lamp (100 W; UV-1A filter (365-nm light). Visible
light irradiation was carried out using a halogen lamp (100
W). The bending behavior of crystals was observed using a
Keyence VHX-500 digital microscope, equipped with a Met-
tler-Toledo FP82HT hot stage and FP90 central processor
or a Tokai Hit MATS-2002S thermoplate. Differential scan-
ning calorimetry (DSC) was performed using a Hitachi
DSC7000X instruments. Photomechanical behavior of crys-
tals was also observed using a Keyence VHX-500 digital mi-
croscope. UV irradiation was carried out using a Keyence
UV-LED UV-400/UV-50H (365-nm light).

Photochemical reaction in solution. Photocyclization
and cycloreversion quantum yields were determined in n-
hexane as relative quantum yields using diarylethene
whose quantum yields have already been determined.*’
Photoirradiation was conducted using a 200 W mercury-
xenon lamp (MORITEX MUV-202) or a 300 W xenon lamp
(Asahi Spectra MAX-301) as a light source. Monochromatic
light was obtained by passing the light through a mono-
chromator (Jobin-Yvon H10-UV). Photocyclization conver-
sion ratio of a diarylethene derivative was determined by
absorption spectroscopic analysis.

Materials. Diarylethene 1a was synthesized as follows.
1,2-Bis(2-methyl-5-(4-octyloxyphenyl)-3-thienyl)per-
fluorocyclopentene (1a): To 80 mL of dry THF solution
containing  3-bromo-2-methyl-5-(4-octyloxyphenyl)thio-
phene (1.0 g, 2.6 mmol) was added 1.6 mL of 1.6 M n-BuLi
hexane solution (2.6 mmol) at =78 °C under argon atmos-
phere, and the solution was stirred for 1.5 h at -40 °C. Oc-
tafluorocyclopentene (0.2 mL, 1.5 mmol, Nippon Zeon) was
slowly added to the reaction mixture at =78 °C, and the mix-
ture was stirred for 3 h at that temperature. The reaction
was stopped by the addition of water. The product was ex-
tracted with ether. The organic layer was dried over MgSO4,
filtrated, and concentrated. The residue was purified by col-
umn chromatography on silica gel using n-hexane/ethyl ac-
etate (95:5), recycling preparative HPLC on polystyrene gel
using chloroform as the eluent, and HPLC on silica gel using
n-hexane/ethyl acetate (98:2) as the eluent to give 400 mg
of 1a in 40% yield: 'H NMR (300 MHz, CDCI3): 6 0.89 (t,] =
6.8 Hz, 6H), 1.3-1.5 (m, 20H), 1.7-1.9 (m, 4H), 1.94 (s, 6H),
3.97 (t, ] = 6.6 Hz, 4H), 6.9 (d, ] = 8.7 Hz, 4H), 7.15 (s, 2H),
7.45 (d,] = 8.7 Hz, 4H). HR-MS (MALDI) m/z = 776.3150 (M*,
100%). Calcd. for Ca3Hs0F602S2* = 776.3151
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Figure 1. Absorption spectra of 1a (black line), 1b (blue

line), and the solution in the photostationary state upon ir-

radiation at 313 nm (red line) in n-hexane: [1] = 1.24 x 105

M.

Results and discussion

Photochromism in solution. Diarylethene 1a shows
reversible photochromic reactions upon alternating irradi-
ation with UV and visible light. Figure 1 shows the absorp-
tion spectral change of diarylethene 1a in n-hexane upon UV
light. Diarylethene 1a has an absorption maximum at 295
nm. Upon irradiation with 313-nm light, the colorless solu-
tion of 1a turned blue, in which a visible light absorption
maximum appeared at 585 nm. The absorption spectral
change is ascribed to the photoisomerization from the col-
orless open-ring isomer to the colored closed-ring isomer.
The blue color disappeared by irradiation with visible light
(>500 nm), and the absorption spectrum returned to that of
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Figure 2. Photochromism of crystal 1a upon alternating
irradiation with UV and visible light. See also Video S1.

1a. The closed-ring isomer 1b was isolated by HPLC. The ¢
values are 48700 M-! cm™! at 295 nm for 1a and 23300 M~!
cm-!at 585 nm for 1b in n-hexane. The photoisomerization
conversion ratio from 1a to 1b was determined to be 98%
in n-hexane upon irradiation with 313-nm light. The open-
ring isomer 1a and the closed-ring isomer 1b were stable at
room temperature. The photocyclization and cyclorever-
sion quantum yields were determined to be 0.54 (upon ir-
radiation at 313 nm) and 0.0082 (upon irradiation at 585
nm). These values are similar to those of 1,2-bis(2-methyl-
5-(4-methoxyphenyl)-3-thienyl)perfluorocyclopentene.*8
Photochromism in crystal. When diarylethene 1a was
recrystallized from n-hexane, a rod-like crystal was ob-
tained as shown in Figure 2. The crystallographic data of
crystal 1a were summarized in Table S1. From X-ray crys-
tallographic analysis, it was revealed that the crystal system
and space group is triclinic P1. Figure 3 shows the crystal
shape and molecular packing diagrams. The face indices are
determined as shown in Figure 3. The long edge of the crys-
tal is parallel to a-axis. There are two molecules in the unit
cell and one molecule in the asymmetric unit. The octyl
groups of diarylethene 1a exist in all-trans conformation. In

Viewed along a-axis
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Figure 3. Crystal shape and molecular packing of diarylethene 1a.
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Figure 4. Polarized absorption spectra of the closed-ring
isomer in the crystal on the (011) face: (a) crystal shape
and direction, (b) photographs of the photoirradiated col-
ored crystal observed under polarized light, (c) polarized
absorption spectrum, and (d) polar plots of absorbance at
580 nm.

the crystal, all 1a molecules exist in photoreactive antipar-
allel conformations and the distance between reactive car-
bon atoms is 3.588(5) A, which is sufficiently short for pho-
tocyclization to take place in the crystalline phase.#? Upon
UV light irradiation, the colorless single crystals of 1a
turned blue (Figure 2 and Video S1). The colored crystals
of 1a had absorption maxima at 580 nm. The blue-colored
crystals returned to the colorless crystals upon irradiation
with visible light. The absorption anisotropy of the blue
color at 580 nm viewed on the (011) face is shown in Figure
4. Upon irradiation with UV light, the crystal turned blue at
a certain angle (6= 127°). When the crystal was rotated as
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Figure 5. Photomechanical behavior of diarylethene 1a. UV
irradiation was conducted from left side.
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much as 90°, the color disappeared (&= 37°). This clear di-
chroism indicates that the photochromic reaction took
place in the crystalline phase.

Photomechanical behavior. The photomechanical be-
havior of crystal 1a was investigated. Figure 5 and Video
$2 show a photoinduced bending motion of diarylethene 1a.
UV irradiation was conducted to the (011) face. Crystal 1a
exhibited an unusual bending behavior compared with pre-
viously reported diarylethenes. In the case of previously re-
ported diarylethene crystals,171820 ypon irradiation with UV
light, the crystal bends toward or away from the incident
light and gradually tends not to bend because the pho-
toisomerization of the open-ring isomer to the closed-ring
isomer takes place in the crystal surface and the conversion
ratio in the crystal surface increases up to the photostation-
ary state as shown in Figure S1. This is a common bending
motion in photomechanical compounds. The mathematical
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Figure 6. Repeatability of the unusual bending behavior of crystal 1a upon irradiation with UV light: (a) 1st, (b) 2nd, (c)
5th, (d) 10th, (e) 19th cycles. Visible light irradiation to UV-irradiated crystal was carried out in the interval of cycles.
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Figure 7. DSC traces of diarylethene 1a in heating and
cooling processes at a rate of 1 °C min~1. The broad peaks
indicated by an asterisk are artifacts.

model has been proposed by Naumov et al.>° On the other
hand, in the case of diarylethene 1a, when UV irradiation
was carried out to (011) face of crystal 1a from left side, the
crystal slowly bent away from the incident light at first and
the bending speed was increased on the way. After continu-
ous irradiation with UV light, the crystal suddenly returned
to a straight shape as shown in Figure 5. Upon irradiation
with visible light, the crystal largely bent toward right side.
Upon continuous irradiation with visible light, the crystal
returned to a slightly bent shape. After further irradiation
with visible light, the crystal returned to the initial straight
shape as shown in Figure S2. This unusual photomechani-
cal behavior suggests that there is another factor except
photochromic reaction for the bending motion.

To comprehend the bending motion of 1a in detail, the
reversibility of the unusual bending behavior was investi-
gated as shown in Figure S3 and Figure 6. The tip displace-
ment of crystal 1a was plotted against UV irradiation time.
Although the crystal bent with slight twisting, it does not af-
fect to measure the tip displacement. The first slow bending
away from the incident light could be repeated more than
20 cycles upon alternating irradiation with UV and visible
light without any damage as shown in Figure S3. When fur-
ther UV light irradiation was carried out until the crystal re-
turned to a straight shape, the trajectory of the tip displace-
ment in the 1st cycle was almost the same even after 19th
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Figure 8. Change in crystal length against temperature.

Red and blue dots mean heating and cooling processes,

respectively.

cycles as shown in Figure 6. This result indicates that an-
other factor except photochromic reaction for the unusual
bending behavior has a good reversibility.

Single-crystal-to-single-crystal phase transition. In
the course of measuring the melting point of crystal 1a, the
crystal was found to take place the thermomechanical effect.
When the crystal was heated up from 25 °C at a rate of 2 °C
min-1, the crystal suddenly jumped at 36.5 °C as shown in
Figure S4 and Video S3. The speed of jumping was esti-
mated to be more than 35 mm s-1. Such thermal jumping
phenomena of crystals are known as a thermosalient effect.
In general, the thermosalient effect of crystals takes place
due to thermodynamic phase transition of crystals.®5! To
know whether crystal 1a undergoes thermodynamic phase
transition, the differential scanning calorimetry (DSC)
measurement was performed. The melting point of crystal
1a was observed at 96 °C. Figure 7 shows the DSC traces of
diarylethene 1a in the range of 0-70 °C at a rate of 1 °C
min-! in both heating and cooling processes. In the heating
process, a small endothermic peak appeared at 36-38 °C.
On the other hand, in the cooling process, a small broad ex-
othermic peak appeared at 26-31 °C. The enthalpy change
(AH) was estimated to be 2.47 k] mol-1. According to the
heat of transition rule,5253 if endothermic process is in-
volved, the phase transition is reversible, which is called as
enantiotropic phase transition. In fact, these endothermic
and exothermic behaviors can be repeated more than 3 cy-
cles. This resultindicates that the crystal occurred a reversi-
ble thermodynamic first-order phase transition with a hys-
teresis between the heating process and the cooling process.
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Figure 9. Unit cell dimensions of crystal 1a at various tem-
peratures determined by X-ray crystallographic analysis:
(a) a-, (b) b-, (c) c-axes, (d) & (e) B, (f)  The error bar in-
dicates the standard deviation.
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Figure 11. Molecular packing diagrams viewed along b-axis at (a) 0 °C and (b) 40 °C.

Figure 8 shows the direct observation of change in crys-
tal length before and after phase transition. The crystal was
put in a paraffin oil to avoid jumping. When the crystal 1a
was heated up from 15 °C to 45 °C at a rate of 2 °C min~1, the
crystal suddenly expanded between 37.9 and 38.0 °C as
shown in Video S4. On the other hand, the crystal suddenly
contracted between 25.4 and 25.3 °C when the crystal 1a
was cooled down from 45 °C to 15 °C at a rate of 2 °C min-!
as shown in Video S5. This result clearly indicates that 1a
occurs a reversible single-crystal-to-single-crystal (SCSC)
phase transition and there is a hysteresis between the heat-
ing process and the cooling process. The difference in crys-
tal length of the long axis before and after the phase transi-
tion was estimated to be 2.2%. The SCSC phase transition
quickly finished within 0.03 s.

To investigate the difference in the crystal structure be-
fore and after the phase transition (Form I and Form II, re-
spectively), X-ray crystallographic analysis was performed
using the same single crystal at various temperatures. The
crystallographic data were summarized in Table S1. The
crystal system and space group did not change (triclinic P1).
However, the change in the cell dimensions was observed.
Figure 9 shows the plots of cell dimensions against temper-
atures. The a- and c-axes largely expanded at 40 °C. On the
other hand, the b-axis largely contracted at 40 °C. This is as-
cribed to the thermodynamic phase transition from Form [
to Form II. The difference in a-axis length before and after
the phase transition is estimated to be 2.2%, which is con-
sistent with the result of the direct observation of the
change in crystal length. Figures 10 and 11 show the mo-
lecular packing diagrams viewed from (100) face and b-axis
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Figure 12. Photomechanical behavior of crystal 1a and
proposed mechanism based on photochromic reaction and
thermodynamic phase transition at (a) 25 and (b) 66 °C. UV
irradiation was conducted from left side.

at 0 °C and 40 °C. Before and after the phase transition, the
molecular packing slightly changed. When viewed from
(100) face, the distance of C-H---F and C-H---C changed
from 2.792 and 4.007 A to 3.159 and 3.852 A, respectively,
as depicted in inset of Figure 10. These changes are con-
sistent with the expansion of c-axis and the contraction of b-
axis. Moreover, when viewed from b-axis, the distance be-
tween diarylethene molecules apparently expanded along
to a-axis. The distance of C-H---F (3.858 A), F---F (2.912 A),
F--H-C (2.639 A), and C---H-C (2.883 A) changed to 3.954,
3.089, 2.710, and 2.886 A, respectively, as depicted in inset
of Figure 11. This is consistent with the expansion of a-axis.
These small but apparent changes in molecular packing re-
sults in a reversible SCSC phase transition.
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Mechanism of the unusual bending based on photo-
chromic reaction and thermodynamic phase transition.
As another factor for the unusual bending behavior, we con-
sidered that the thermodynamic phase transition described
above affects the bending behavior. Here, we investigated
the thermal effect on the bending behavior and propose the
mechanism of the unusual bending behavior based on the
combination of the photochromic reaction and the thermo-
dynamic phase transition.

Figure 12 shows the photomechanical behavior of dia-
rylethene 1a at 25 °C (before phase transition, Form I,
Video S6) and 66 °C (after phase transition, Form II, Video
$7), respectively. When the crystal 1a was irradiated with
UV light at 25 °C, the crystal exhibited the unusual bending
behavior described above, as shown in Figure 12a. This
phenomenon can be explained as follows. First, crystal 1a is
in Form 1. Upon irradiation with UV light from left side, the
crystal bends away from the incident light due to the expan-
sion in the crystal surface caused by photochromic reaction
of diarylethene molecules from the open-ring isomer to the
closed-ring isomer. The photoreacted surface layer was de-
picted as Form I'. The number of prime indicates the con-
version ratio of photoisomerization from the open-ring iso-
mer to the closed-ring isomer. After continuous irradiation
with UV light, the crystal suddenly bends largely away from
the incident light as the photoreacted crystal surface layer
undergoes thermodynamic phase transition from Form I” to
Form II”. This is due to a decrease in the phase transition
temperature caused by the photoisomerization of dia-
rylethene molecules.5*57 Upon further irradiation with UV
light, the conversion ratio of photoisomerization of dia-
rylethene molecules in right side of crystal also increases
and the thermodynamic phase transition from Form I” to
Form II” also occurs in right side of crystal. As a result, the
crystal suddenly returns to the straight shape. If further ir-
radiation is not conducted, such behavior cannot be ob-
served. The behavior of the photoirradiated crystal by visi-
ble light irradiation can be explained by following the oppo-
site process. On the other hand, upon irradiation with UV
light at 66 °C, the crystal hardly exhibited a bending motion
as shown in Figure 12b. At 66 °C, the crystal was already
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Figure 13. Bending behavior of the photoirradiated crystal 1a by changing temperature. The initial crystal was pre-
pared by irradiation with UV light from left side.



converted from Form I to Form II. In this case, the unusual
bending behavior cannot be observed. In addition, the
bending speed became quite slower because the intermo-
lecular distance in crystal became longer along with the
thermodynamic phase transition. This result clearly sug-
gests that the unusual bending behavior is ascribed to not
only the photochromic reaction but also the thermody-
namic phase transition from Form I to Form II.

To investigate the mechanism of the unusual bending
motion in more detail, the thermal effect to the photoirradi-
ated crystal was also examined as shown in Figure 13. The
photoirradiated crystal means the crystal after continuous
UV irradiation at 25 °C. When the photoirradiated crystal
was cooled down from 25 °C, the crystal largely bent toward
right side at 17 °C. Upon continuous cooling of the crystal,
the crystal returned to the slightly bent shape at 15 °C.
When the slightly bent shape crystal was heated up, the
crystal largely bent toward right side again. Upon continu-
ous heating of the crystal, the crystal returned to the initial
straight shape at 25 °C. The thermal effect to the photoirra-
diated crystal was also well explained by the thermody-
namic phase transition as depicted in Figure 13. When the
photoirradiated crystal was cooled down, at first, the ther-
modynamic phase transition from Form II” to Form I” in
right side of crystal takes place, which results in the large
bending toward right side. Upon continuous cooling, the
thermodynamic phase transition from Form II"” to Form I'”
in left side of crystal also undergoes, which results in the re-
turn to the slightly bent crystal shape. Bending behavior by
heating can be explained by the reverse process. These re-
sults also indicate that the thermodynamic phase transition
plays an important role for the unusual photomechanical
behavior. Thus, the unusual bending behavior can be well
explained by the combination of the photochromic reaction
and the thermodynamic phase transition. Such “light-pre-
parative” thermoresponsive mechanical materials could be
used for thermosensors capable to make detectable a tem-
perature change at an arbitrary temperature.

Conclusions

We have synthesized a diarylethene, 1,2-bis(2-methyl-
5-(4-octyloxyphenyl)-3-thienyl)perfluorocyclopentene
(1a), and investigated photochromic reactivity of 1a in so-
lution and crystalline phase. In the course of study, a ther-
mosalient effect of crystal induced by a reversible thermo-
dynamic phase transition 1a was found. Moreover, an unu-
sual photomechanical bending behavior with a good repeat-
ability was found. When UV irradiation was carried out to
crystal 1a, the crystal slowly bent away from the incident
light at first and quickly bent away from the light source on
the way. After continuous irradiation with UV light, the crys-
tal suddenly returned to the initial straight shape. We pro-
posed a mechanism of the unusual bending behavior con-
sidering both the photochromic reaction of diarylethene
molecules and the thermodynamic phase transition. The
proposed mechanism was well supported by the experi-
mental results of the thermal effect to bending behavior.

The results in this work provide not only new photome-
chanical phenomena but also strategy for design of materi-
als showing nonlinear mechanical response to the conver-
sion ratio of photoreactions.
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