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Development of Light-driven Crystal Machinery

Koshima, Hideko
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Construction of crystal machinery was studied by utilizing photomechanical crystal
s, which exhibit photomechanical bending motion upon photoirradiation. However, it is impractical to use o
ne piece of a single crystal as a crystal machine due to insufficient durability. A composite of single cr
ystals with some soft materials such as polymers may increase the possibility for mechanical devices. Sili
cone polymer films in which plate-like chiral and achiral crystals of salicylidenephenylethylamines were a
ligned by a magnetic field were prepared. Further, rubbing of the surface of liquid resin suspension also

gave alignment of crystals. The polymer films exhibited reversible photomechanical bending upon alternate
irradiation with UV and visible

ight. In conclusion, element technology was developed to make crystal mac
hinery.



% X Cc—19. F—109,
1. AFZEBRAE S D =
IRFNZIC L BT LDy %@%L
DEAL % 4 i OB TEE I Z A HL T & R
AN SIS HE 2D LI TH S, ﬁ%
A b2 e 2R L T, T#5<
fhmml Z1ED Z LITRFOETHST2D, K
ERT, R TT r M e 2 v I K EIR
TR PV FUFToT=) oy
OFEFCIR BRI, JEIT K> TR h

THZEERWE LT,

2. o Y

ARFFRIZBW T IS S BT, i
DT+ RA D= D EEREL WD . 2 ET

AR FIBE DR D 2707 o T2 R B 72 e

ZAH LT, Kz BTHEAD=HMZEH <,

(AN~ ] OEE BT, 20
T2 OITIE— D O HAE S TR AME e &0 aR
TEHNRH Y, HFRENTHD, 74+ AL
= A NRES B RS L CTRY v —7 ¢
VTR EICERILT A ERRARTHY
BRI L U ChLmEE A R 5, il
BT R L X —CEEERTED [ U RHZ L
<] MEHRTE, BV R —ZE

NRPIFOND DHIRET, SLEOENRERIE,

IR BB RTRE L 72 . SRS~ DR
Bb I X 5,

3. WrFED I
(1) BEHHT X 2 000, bt O B e il 18]

B, FAESCHMRICE Y ERTHRMIT
T NI E N TND, —DOREET
TEHLTH, 20Xk T o FLREAK

BRE L THEMERIZOD, HDH0E
JEER S NS K T2 DT80, fEmO T ER A 5
ZERMERRRTHY . Z ORAIE A
WEDOX—HRA > N ThHD, TIRXUE,
BIYFIVFo7=U OfifTRFETH
D720, BT X > THBMH D Z & BNHIFE
SND DT, WHHEL A HIAE 2 R Lz,

(2) F=ploEdmfEEE LT, BRoT e
DX DT, KRR ORI & S 7o
TEE Z ?57E/7&%@ﬂbto

. WFEECR
() 74 FAB=HIFEFEDOR Y = —
DL [ il 40

R biEFBEc VT T 7=
VT DX TN E T LRSI, 8
A6 & AT O BRI X0 AT 22 e Bl
B2~ ZeaWRELTWD (K1),

; H-0, : Ho
N _w N

HC N -— HC =

enol-{8)-1 keto-(S)-1
(b)

M1 SHPUVFVFo Tzl FILT I S
D i

Z—19, CK—19 ()

EX0.01-3 mm OEBIKLOF T 70 S (Ri
Mhe T IMREIS A, L0WEE LD LI
ﬁ%/)ﬂw/ﬁ% BB L, T ey —

(29 < JRC, 8T Rt 1 MefilifE L7z
% 60° CT—RBREENETH L, TLRDT
ANV ESNT-, 2O a— R v —
2 BEMGERIZE LT- & 2 A, SIKX T L s,
Z7 2 IRFEROWVTIUCOWVWTH, B0
DM T N % L C I E T AL A LT
é:&ﬁb#ok(ﬂwoik\%XXﬁ
[l (XRD) I E 12 . WL B AV (001)
ﬁxj:ﬁ%r’jb\fb\é EnbinoT,

l2 w%ﬁﬁ L&Eﬁbi@S%ka
b) ZEIMFEROT Y a—rR Y v—fK

X312, S Rk L 7 Kk RosE &
FEEE ORI & ORISR E R, S IR
BT SRS T2 2B ARSI L
TEY, MEoEs (a @h) FHric~Y R
— ROEFNE L > TW D, BT m &Y U
FIVERDBIEATIZESI L TW B DO RRFETH
%5 (M3c), ZOHMBIX, VUFLEROE
T e EOHEERICE > TRAET D5
BRPER/NE 2D X HICEHINTEH720TH
%,

7 I EFER T T, SRS T E REST
NENZENMNIZ 2[R S AGEEZIAR L
TEY, BHoES (b @) HFric~U R
~/ﬁ@ﬁﬂ%&01w5°:@%g%m%

(YU FERD n BT & Wy & OHAAEH
Liof%é?é% CERVIRRS ¥ N AN )
IZEFILTWD Z & nbhoTe (K31),

(A) (B)

(a) R () N (d) (0o

Tc\?_!_\: (001) .{100) T':\?_'_ (0o1) {010]
®) “-,_Er%‘w.)x @ {%( o
(©) ® :310}{} o5 »/\.: n @ g_ﬁot.li ’5.\;;-;, .
?W4f7*x of*

X3 S ﬁifﬂ:ﬁak7‘ﬁ ARG dl DRESELA] & 4y
FEHIORAMR 5 (A) SHEFER. B) 7& I &K

S HE S OBSARL S Y o — R A IR <
Hw bl (EX10.8mm, 18 5.3 mm, EX 0.38
mm) . UV-LED PREFZRZ W CERIEAE BE L
7= (365 nm, 50 mW/cm®) (X 4), FDOFEHE,
10 B3Rk 2.7° thaio7-, T,
Xt )T T ENRRRAT A VE—%
MNT 460 nm O FHEDEE RS2 & 60 B



BIZTEDEL RO R -T2, ZONEH
BT D2 &Y 10 ENEFD KT Z &N T
Ei

(a)

Bend angle/”
n

o

1} 5 10
Cycle number

K4 (a) S IKFESROBERERS ) a— K,
(b) UV Basft, (c, d) UV BRSHC X 2D, (e)
10 [B] O v 3K U b A ME, A 47—/ — 1 mm.

Z ORISR, RE A O IR D
- Tk b FHIERETIC i51/~w
BT MESG T ~D R
HLDTHDHZ &#ﬁ@x«&waM@ﬂ
EloLviEESNTE ®1), T7hobb, &
BORFS B AR ik, o
V) a—UERSKoREhNFEI NS Z L
D BN E o T2,

LrL, 7 I KEESOBGE RS U a—
VR, BEON KD ATE S K RS )
DU a— R, B R E o F i gl
HZEWNbholz, TOHEMBE LT, 508
FREIC K B HEG I L » CTHROIRE 5
L., YUVa—rvEERMOEZ0EE 260
72DOT, R —ET T 7 4=l Lo THE
mREZHE Lo, ZOR5%., SEAERETC
L0, B EENRVIEEERTLHZ LI
L0, BFEOEENENDZ ERbhoTz (K
5),

a) -- I-
(b} --l—

5 FIOEMHHTEROFRIMRY —F ST T A A
—¥: (a) S RERALAIAN Y ~—&, (b) &=
R RRECIA R U ~ —[E, (¢) /e LORY <—
5 (d) S ffGdh, (o) 7 RS

(2 FEeLTICLBDTH P AT =TIV
DR Y = — [~ D F [ 4
Wb & 13RO BmElEE S LT, Fer s
%%@%LtOSW&ﬁﬁ TR D FEHCIRAE i
SRS T 7 UL )~ — TR L,
%<ﬁ%f%@%ﬁ%XA%7w&5T&
ZHZ LI . RO EE S HRIC
Ehi 5 Z &ﬂf%toﬁwfﬁ%ﬁ%%%
Lot s R mEREEZ/ER L (X
)o%%ﬂtﬁzﬁﬂﬁ%%%Té& flly
L ERAMOERRE A 1D B DA A R B
km:@ﬂbi WA ENbhotz, T Dk
meAER LI, B OKYIKL E E BT
B2 (2 Jm A FE 1D L7223, 300 [BIFEEE D
MR LA[RETH - 1=,

X6 TJvrU7c
& . (a,b) S {A#E A

K OB HIAE L7 UV AR kA
(c,d) Z& KK

PLED#EIZ LD, 70 AX L~ U BR
RN COBERERNZHET DL LN TE
7’;0

5. ERRKGILF
(BWFFEREH . WHIE0 138 e ORI EE 12
(=)

CdEESRm 0] (B8 1)

(O Hideko Koshima, Michitaro Fukano, Naoko
Ojima, Kohei Johmoto, Hidehiro Uekusa,
Motoo Shiro, Absolute  Asymmetric
Photocyclization of
Triisopropylbenzophenone Derivatives  in
Crystals and Their Morphological Changes,
The Journal of Organic Chemistry, #mif,
Vol. 79, 2014, 3088-3093
DOI: 10.1021/jo5000913

(2 Hideko Koshima, Masafumi Matsudomi,
Yutaro Uemura, Fumiko Kimura, Tsunehisa
Kimura, Light-driven Bending of Polymer
Films in Which



Salicylidenephenylethylamine Crystals are
Aligned Magnetically, Chemistry Letters, &
FEAT, Vol. 42,2013, 1517-1519

DOI: org/10.1246/c1.130797

Hideko Koshima, Risa Matsuo, Masafumi
Matsudomi, Yutaro Uemura, Motoo Shiro,
Light-Driven Bending Crystals of
Salicylidenephenylethylamines in
Enantiomeric and Racemate Forms, Crystal
Growth & Deign, ##if1, Vol. 13, 2013,
4330-4337

DOI: 10.1021/cg400675r

Masahito Tanaka, Naomichi Nakamura,
Hideko  Koshima, Toru Asahi, An
Application of the Advanced High-accuracy
Universal Polarimeter to the Chiroptical
Measurement of a Intercalated Compound
KsNbsO17 with High Anisotropy, Journal of
Physics D: Appllied Physics, ##cfi, Vol
45,2012, 175303 (8pp)

DOI: 10.1088/0022-3727/45/17/175303
Hideko Koshima, Hidemitsu Nakaya,
Hidetaka Uchimoto, Naoko Ojima,
Photomechanical Motion of Furylfulgide
Crystals, Chemistry Letters, EHEH, Vol. 41,
2012, 107-109

DOI: 10.1246/c1.2012.107

Hideko Koshima, Kyoko Takechi, Hidetaka
Uchimoto, Motoo Shiro, Daisuke Hashizume,
Photomechanical Motion of
Salicylideneaniline Microcrystals, Chemical
Communications, & #t A, Vol. 47, 2011,
11423-11425

DOI: 10.1039/CICC14288G

Hideko Koshima, Naoko Ojima,
Photomechanical Bending of
4-Aminoazobenzene Crystals, Dyes &
Pigments, ##tf1, Vol. 92,2012, 798-801
DOI: 10.1016/j.dyepig.2011.05.003

Kotaro Fujii, Hidehiro Uekusa, Michitaro
Fukano, Hideko Koshima, Metastable
Polymorphic Form of
Isopropylbenzophenone Derivative Directly
Obtained by the Solid-state Photoreaction
Investigated by ab initio Powder X-ray
Diffraction Analysis, CrystEngComm, &t
A, Vol. 13,2011, 3197-3201

DOI: 10.1039/COCE00500B

(REER] GE3 71F)

)

@)

®

INEF T AEEAREY: T OB E
DA OB)E ~, FERllEEEE, 2013 4L
L2 ERtame. 2013 4F 9 H 11-13 H, &1l
Hideko Koshima, Chiral Solid-state
Photochemistry Based on Spontaneous Chiral
Crystallization Approach, Keynote Lecture,
25" International Symposium on Chirality
(ISCD-25), 7-10 July, 2013, Shanghai, China
Hideko Koshima, Naoko Ojima, Kyoko
Takechi, Hidetaka Uchimoto,

Photomechanical Function of Molecular
Crystals, 7™  Asian  Photochemistry
Conference (APC), 12-15 November, 2012
Osaka

@ Hideko Koshima, Jun Nakamura, Naoko
Ojima, Kyoko Takechi, Hidetaka Uchimoto,
Photomechanical bending of molecular
crystals, XXIV TUPAC Symposium on
Photochemistry, 15-20 July, 2012, Coimbra,
Portugal

® MEHF. TR I r0BE )
b~z ud@h& ~, A, The
Symposium  on  Chiral Science &
Technology: Mesochemistry & Chemical
Wisdom, Waseda University Global COE. -
FGH K27 10—/ 3L COE [EERAI L5 |
201143 H 2 H, R

©® BB HTREHEOT+ S A D=
BERE. HIFFEE. H AL 4 BIEK
G RZx. 2010 458 H 30-31 H., #Hij

(ME] GF34)

@ Hideko Koshima, et al., Springer, New
Frontiers in Photochromism, 2013, pp. 21-40

@ hEHF M, - AT —HR., 7+
7 v I XAOFRE LA T =11
BERTEE. 2011, pp. 288-298

® NEFTF M., >—=r—HiR, <A
s oF 7 et 2A~0IEH ., 2011,
pp- 130-138

(PESEIA PEHE]
OiRdL Gt 145)

TR eBREh

A - MEEREEL., NEFH T

eI« AV AR S, BB R
THEH ¢ BREF

&5 HilE 2014-075516

HEEEHH 201444 A 1 H

ENF DR« [EHN

6. TR

(1) BT R

/INE FHF (KOSHIMA Hideko)
TIERF « KFPes T 5e R - B
geEdas: 20304644



