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Figure 1. Photoisomerization of azobenzene and schematic
illustration of a photochemical phase transition of azobenzene
liquid crystals (LCs).
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Figure 2. Schematic illustration of photoinduced deformation of a polymer

monolayer containing azobenzene side chains at the air/water interface.
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Figure 3. Chemical structure of an azobenzene copolymer
and photoexpansion effect in the thin films.
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Figure 4. Chemical structure of an azobenzene polymer and

SEM images of colloidal particles before and after exposure to
interfering polarized light.

WARZFIZE EE L. BRROT VYRV EVER&ES
FHRFICRCTEIARSA T % &, RIEAEICHE > T
BT DG PR ICZE T 3 4 (Figure 4)%0 . F 00 R A
MHCHE- T, BB TO7 AT FHAHmd 5 2 LR35
Mot TOMKTOEN AN Z AT OWTIE, B
BT ERZWAMICHEAINTORWA, TEEOXHRE
DN LA HAETIBE 72D TH A EHEHI SN T 5.

Tx P ARNZIDVRIRICBEIL T, 7x brBa 3y 7
FOBEIOLLEEAPTONTED, AYOYS VU ET
FIAZZ YL —FEAFIVT 7 UL —OILEEEIC
F—7L 7R <=7 ¢ W ADKIEMEIC DWW T LA
SNTWBEY. BY<—7 ¢ VAIZ308nm DL —H —
KaBa L, AT U kE Ay T RN
S, 532nm OV —Y—HEBE TS &, 4031
AR L&, T4 IVARRKOEMEZRL, I5IC
532nmm OV —F —HEBH LTS L, 7 0 VAR
HRREN RS T BB &5 - 72 (Figure 5). AV
DS RP O AT YT ZUENORMEAL, 7 4 VA
FERBICBT AHREEIEEL RIS T, ZOBRHIK
DOV —HY—HZRBE T HT LICXD, ARV T/ kD
BHEEREEAZED D, FRICHEV B BEEAZT 5
B, ToIVABEIL, SOICHREANEE TS,
DAVBYES VBT A7 5 F AN HVHIRE, 7YV
NV VDR EEFICHEMETHS.

BT, 7 b0y 7LEW» BT R &
CBWTE 7 g b AN HIVEIRB R 2SI, B
m 2 CHBEHC P > TRIEICAETY - B d 5 C A5
&7z - 72 (Figure 6)%. HABOY TV —IVLT Vi
HRL, BEMREICEWTL 7 5 M7 BRI ALERT
CERRWEINTWA. COVT Y —IVI T VR

82

Initial
40 pulses

10 pulses (308 nm)

100 pulses

20 pulses (532 nm) 160 pulses

Figure 5. Photographs of the bending cycle of a spyropiran-
doped polymer film (thickness: 70 um) upon exposure to UV
and visible laser pulses.
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Figure 6. (a) Reversible bending of a rod-like crystal of a diarylethene derivative on alter-
nate irradiation with UV light for 0.1 s and Vis light for 6 min. (b) Photomechanical effect
of single nanorod of an anthracene derivative upon irradiation with UV light in a 50-% solu-

tion of phosphoric acid in water.
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Figure 7. Schematic illustration of anisotropic deformation
of crosslinked LC polymers induced by external stimuli.
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Figure 8. Photographs and plausible mechanism of photoinduced bending of cross-

linked LC polymers upon photoirradiation.
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Figure 9. Photographs and plausible mechanism of photoin-
duced bending of crosslinked LC polymer films with home-
otropic alignment of the mesogen. The white dashed lines show
the edges of the films and the inset of each photograph is a
schematic illustration of the film state.
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Figure 10. Precise control of the bending direction of cross-
linked LC polymer films by linearly polarized light. Chemical
structures of an azobenzene LC monomer and an azobenzene
crosslinker. Photographs of the film in different directions in
response to irradiation by linearly polarized light at different
angles of polarization (white arrows).
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Figure 11. Photoinduced bending of hydrogen-bonded crosslinked LC poly-

mer films.
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Figure 12. (a) Chemical structures of LC monomer (1) and
LC diacrylate (2). Upon cooling, 1 changes from an isotropic
to a smectic phase at 92°C, and at 60°C it becomes crystalline;
upon cooling, 2 changes from an isotropic to a smectic phase at
91°C, and at 74°C it becomes crystalline. (b) Schematic illustra-
tion of a laminated film composed of a crosslinked LC polymer
layer containing azobenzene moieties and a polymer sheet.

B, BB T OB RIS & - TR 7% % K5 H)
HetEa R L7, COXSICUEY 4 IV LD—FIZDAEE
BRRES TREZEBL T, XBHICLD 7 VAR
KELEMT 5. 512, PE LORBILIC L - THE
DOBEMATEE LI THE K EIC ESE A2 N TEA.
BHER MBS FREE 7 4 VA~V RIS IL, X
TS5 AF v JE— X — DA fT- 7. BRICEBWT,
G - TTEDER F NN Figure 13 (078 9 (AT IC R
R L2k, NV EBIOT—U =R KT
B D ICEEE L 724, SV T OISR 1 R
RIAEN AR INTEL, SO &Y EEE SRR
ENBHDTHHLEEZTWS. OV FROKEE

=5 Fam L&, Vol. 66, No. 3 (2009)

Figure 13. A light-driven plastic motor with the crosslinked
LC polymer laminated film. (a) Schematic illustration of a
light-driven plastic motor system, showing the relationship

between light irradiation position and a rotation direction. (b)
Series of photographs showing time profiles of the rotation of
the light-driven plastic motor with the laminated film induced
by simultaneous irradiation with UV (366 nm, 240 mW /cm?)
and visible light (>500 nm, 120 mW/cm?) at room tempera-
ture. Diameter of pulleys: 10 mm (left), 3 mm (right). Size of
the belt: 36 mm X 5.5 mm. Thickness of the layers of the belt:
PE, 50 um; LCE, 18 um.
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Figure 14. Series of photographs showing time profiles of the
flexible robotic arm motion of the laminated film induced by
irradiation with UV (366 nm, 240 mW /cm?) and visible light
(>540 nm, 120 mW /cm?) at room temperature. Arrows indi-
cate the direction of light irradiation. Spot size of the UV light
irradiation is about 8 mm X 8 mm. Size of the film: 34 mm x 4
mm; the laminated parts: 8 mm X3 mm and S mm X3 mm.
Thickness of the layers of the film: PE, 50 um; crosslinked LC
polymer layers, 16 um.

UV irradiation Vis irradiation

Figure 15. Series of photographs showing time profiles of the
photoinduced inchworm walk of the laminated film by alter-
nate irradiation with UV (366 nm, 240 m/Wcm?) and visible
light (>540 nm, 120 mW/cm?) at room temperature. The film
moved on the plate. Upon exposure to UV light, the film
extends forward because the sharp edge acts as a stationary
point (the second frame), and the film retracts from the rear
side by irradiation with visible light because the flat edge acts as
a stationary point (the third frame). Size of the film: 11 mm X
5 mm; the laminated part: 6 mm X4 mm. Thickness of the
layers of the film: PE, 50 um; crosslinked LC polymer, 18 um.

FHZ X 0 IS B A 7 ¢ L L DTG & IE RS
MICHEIET 5 &, RO LS WEEH A~ FHETx 5
(Figure 15). CO7 4 W AITEN N ERBE D L, 7 4
WAEEAT BTN ELT7 Ty PR A
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WL, AEXERE TS5, i -UrBEESE, B
HE L 72 TR EIROG S 5. S840 & FT ik 2 R I TR A
THIEICEY, 7oV AF—HaAtHET 5.

5 &bV IC

Tx F/ER v T ERGES TOWEYEEY,
ZUHBIC L RS HHBIS 72 BE 7 + P/ v VAR
SFEACT, KrBEENEOGECAER TS AT
ELWEBIE R L 7. K BH T L LICLDH
EINL5T UV ST E, BRBSEF
AL ERNHEOEIC £ THIBSE 5 LN TE,
YT FIVF—HABED 575 58, JEM - (685 - Wik &
SEIFEBICARTELH L VES THROAIHIC
BB L7z SO L WIGEBRORNT, mIREIERTaE 0t
TIF 2L =Rl FREHEGHEORE VT NA AL LT
BIACHARICHWS Z ERTES. ZRHIETEER T
WENE & 57 7 F 2 T—R—13, AL v FRoHt v
P—Ix X% OXTNA ZCIEHTE, BREYERS % L5
L7\ NI BE S THh B, <A1 - F TN
A AN FHIPE % REBANCILT 5 C L A fRE &L 70 5.
I HIT, AT X 2RI RO I T O B s 2
Ha, WEEMEAATHA L L CTHaiET 52 &2
O LT > 7o, RAANOE5 7 RERT T O DIA AR
HAZLE L ¢ FIEEETOFMEATHER AT A M
BRI CH D ATV T 70 & OEEM R~ DR & 1
HTEL.

L%, JBER R OFHERHE S A 1 = X LD &
HATD T EICKD, IO HARIEKSLH LV ERT—
FORRLExHIEL THET#ED L. £/, & T6H
B B DIEFESEZTIACFAL, REAT v TH7x
FHECIOH I ESM R ZRIE T 5 EAEE N
L. BE 7 x by rREES FRERWIET
F 2 T— R —OFEHITHET S L2 A EBIR S HES, F
A4 ARBICLL CRERNEAABL, #YxtdH %
1o B EM RIS NS C & A UNTHES .
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[Comprehensive Papers]

Photomobile Polymer Materials

Jun-ichi Mamivya™!, Munenori Yamapa™*2, Yumiko Naka*!, Mizuho Konpo*!, and Tomiki Ikepa™!

*IChemical Resources Laboratory, Tokyo Institute of Technology (RI-11, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan)
*2Research & Development Center, Unitika Ltd.

An actuator is an energy transducer that can convert a variety of input energies to mechanical quantities such as displacement,
strain, velocity and stress. Up to now, many types of materials have been developed as actuator materials. Polymer materials driven by light
could play an important role as an efficient energy conversion system because light is an energy source that can be controlled remotely,
instantly and precisely. Liquid-crystalline elastomers (LCEs) are superior soft materials that possess both LC orders and elasticity due to
polymer networks. A large deformation can be generated in LCEs, such as reversible contraction and expansion, and even bending, by
incorporating photochromic molecules, such as an azobenzene, with the aid of photochemical reactions of these chromophores. We sum-
marize the recent progress of polymer materials that can convert light energy into mechanical work directly (photomechanical effect), espe-
cially photomobile polymers that show movements in all dimensions controlled by light.
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