. HOKKAIDO UNIVERSITY

Title EENTRET 27 VYNV EVFERSHRROEMNBRIRE DA
Author (s) tht, ZHAI
Degree Grantor itiBERE
Degree Name B (ER)

Dissertation Number HE132315

Issue Date 2018-03-22
DOI https://doi.org/10. 14943/doctoral. k13231
Doc URL https://hdl.handle.net/2115/69930
Type doctoral thesis
File Information Tomonori Ikegami. pdf

kaid
wok ° U'I,L

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




EENXTHRBTEIT7 YR EVFERETERER
e B hhiRE) DRl

bk A

ALHFRERFERFERE Mo tFbe
BAALEMRE

D



B

B L EE  FERA oo 1
1.1 3~ K5 ERBDOMKGRR 72 @B ORI T DR oo 1
12 AL FEr R R =BT TR T R = — s 3
1.3 AT~ VY DBIEE D i 4

1.3.1 FREOE 0 B ZAZ X > TAIIHNZEI S3 77 2 2 e 4
132 —EDORIHIC & > T—HHA~SEERNCEI K 5F < 22 s 7
14 BRES T~ v OBE & ERBIENZ IZ070 CHERE oo 9
1.4.1 AR EARAEN & (T 072 KT 7 =T e 9
142 KGR 72 EARBIEN Z 1T D72 ST 7 =T s 11
1.5 ARAIFFED HHY & PIZR o 15

FrE TYRVEVBEER-F VA VEBRBRAERDOERN B RHREIORKEL & Z O 16

2 =SOSR 16
2.2 BB R et 19
22.1 C4AC6-F LA VBN THEAKRDFT ¥ T 7 A VB =32 2 i, 19
222 CAACE DIEACTIDNE (oo 22
223 RENEBOF ¥ T 7 H UE =3 3 U s 25
2231 HUREEATRD IEIEZE oot 25
2232 IRENDFFELE JEBMRITVE oo 26
2233 W& 470 nm OGRS T TOMREDEED ..o, 30
2234  SEHRFE DFEFIZEE.c.ooooecee s 30
2.2.3.5 AREN DR IMETTNE coooooeeeeceeeeee s 31
224 FHESIBH T TOREERE ..ot 33



2.3 BB B ettt ettt ettt ettt anes 34

231 RENVEIZART D RIAEZEEBIG e 34
232 JEEMALF DT D DFEE oo 35
233 JEERMAVITER L72 MR X DR OTERZE e, 36
24 FER cvvevrereeseeesiee et et 38
2.5 FEBRODIT oo 40
BIE BHRNREIT OREMRICIT DR FORIR o, 45
T T =TSSP 45
32 R s 47
32,1 FWBEET VR B FHEIR CAACE FE T DR TEH e, 47
322 C4ACE D EAERL X AREE I . covvoeveeeeeeee e 49
322.1 C4AC6-SCI1: =% /=)L) b iiftfh L72 C4AC6 DR EIEIE ..o, 49
3.2.2.2 C4AC6-SC II : REERIEIE DD it i L 72 C4AC6 DFE ARG ... 51
323 WBEEET Y NV HEAROMER S IREIFEF DR 56
3331 TYRUBUFHEARDE AR e 56
3332 TV RUE UFHERAENIEE DI A FE T oo 62
3333 C4AC6-A LA R-ATT U UBED 3 I TRATERD oo 77

3.3 BER e 81
331 BNMRENT 2 RERIZAUCISIT DIEIIEE DR oo 81
332 IRENDIEHE & BTG D3 oo 81
3321 Class T DR ..ot 82
3.3.2.2  ClaSS LT DD RF I oo ettt ettt et et e e nes 84

34 FER covereereesese ettt 86
3.5 FEBRODITD oo 88






ZAN

B1E  Fwm
11 HFv I VICL 2ERND DkiGHZEZS ORI ICH 1T 23R8

~A 7 BA—=RMVAT =V TEHERTH L~ A 7m0 CE - AREEIT 5
VAT L THDaFrRy FOEBUTMIT, BZE < OBREMES 7 ORRE L BTN T
7z, ZOHMIZEBT DR FIE. S~ oo FE—F—LHRand, 2L, &
TR TE— X — L) FEEOERITIME TIL W, B2 1L, Nature 361255 < EH
T HF~v v EnFE—F—% &bl BRI F =R 72 ) - B S ITEHBT 5
RIRFTIFTEHDF) LEFRL TS, ! —J5, Leigh HIZMHEDERELXHIL TN D, 2 7
Bbb, v lid TRIZ K> TEMIICEIK 5F) THY ., o F~v 0T, #i
WO B2IZEoTH bDOE [T AL v T, —EDORKIZ X > TR DM
WEI b 0% ' —%—] LML WD, AL TIL, Leigh HOEFREZ I, 1
YU EIADNTRVF—IC X VBB X 2 )T 50 1) LERL. T E— X —% [E
WHRAT TRV F—Th > THMGERNZ T RO & 2 Eh 2 W)+ 20 F~ )
LIEFRT D,

TRV RO PT, =YD XD Ieflki LT 1 ok L — A ORESLE
BUE, ALZORETH D, ZNET, K pAX—%FHL TH LT HRAEEET 5
7 FE—% =8 Feringa [ K o> CEILI NI, 345 ZOXHRF 2 2 r— 1 TE< @ 2%
T 500 FF—F — 1T R BB EIR~F R T D et 2 D TV D, ZDIRANADHF T, Z
DF ) AT —=NDOENNZEMATr— VOB )~ IELZENROBEL 7% (Fig. 1.1),
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Figure 1.1 Bottom-up approach to continuous convertor. Figures are adapted with
permission from ref. 3 (Copyright 1999 Springer Nature); ref. 20 (Copyright 2015 Springer

Nature); ref. 21 (Copyright 2003 Springer Nature); ref. 30 (Copyright 2006 Springer Nature).
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EEROEBZELRITAER S FE—F—Th b, HEESFE—X—0OfF & LT FoFi-
ATPase 73, U =7 FE—4 —DFlL LTHROBEER THL IA R oD, 7
DX RERGFE—F —1T ATP OMUKGIRSOE & 2 ™ 7 B OREIE 2L B BE R
LT, 0TI B N T—HcEi< 2 EnT& b (Fig 1.1), 8 bFIG & THEAE
DOREEZALD IR L CHlE L 72 =/ L — M 247 5 (AT, Bl FE—# — DORGEHT

BOWTHLEERFHTH S,

Figure 1.2 Schematic image of the mechanochemical cycle of kinesin. Reprinted with

permission from ref. 8 (Copyright 2009 National Academy of Sciences).
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Figure 1.3 Molecular scissors. Reprinted with permission from ref. 14 (Copyright 2003 The

American Chemical Society).
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iz (Fig. 1.4), 70 F ¥ v b DF L ~WIRGy 3B IR 53 1 & FElBOAR AAE A O 5\ AL (%
T—vay) aEEAT D, 2O EPREERE LS, BRIRDFRRIEOT Y B AITIE T
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Figure 1.4 Switchable molecular shuttle. Reprinted with permission from ref. 16 (Copyright

1994 Springer Nature).
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-M ® =Cu' / \ = phenanthroline
extended situation contracted situation O =M N\ = terpyridine

Figure 1.5 Molecular muscle based on daisy-chain rotaxane. Reprinted with permission from

ref. 17 (Copyright 2000 John Wiley and Sons).
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Figure 1.6 a) Light-powered rotary motor. b) Chemically fuelled rotary motor. Figure a) is
reprinted with permission from ref 3 (Copyright 2000 Springer Nature). Figure b) is reprinted

with permission from ref. 19 (Copyright 2016 Springer Nature).
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Figure 1.7 Light-driven unidirectional translation of axis of pseudo-rotaxane. Reprinted with

permission from ref. 20 (Copyright 2015 Springer Nature).
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Figure 1.8 Photographs of bending and unbending behavior of an azobenzene film under
linearly polarized light irradiation. Reprinted with permission from ref. 21 (Copyright 2003

Springer Nature).
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Figure 1.9 a) Shape changes of a crystal of a diarylethene derivative by photoinduced

|

crystal-crystal phase transition. b) Photoinduced bending behavior of a crystal of an
azobenzene derivative. Figure a) is reprinted with permission from ref. 23 (Copyright 2007
Springer Nature). Figure b) is reprinted with permission from ref. 24 (Copyright 2009 The

American Chemical Society).
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Figure 1.10 Schematic illustration of photoalignment of liquid crystal molecules by

photoisomerization of an azobenzene.
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R U7z [R5y - — & — & R U~ — I A A A SEBREHC X o TGS 2 7L 2 3
L7z (Fig. 1.11), ¥ 3 FE—Z—O—FHBEEAR Y ~—#H2z 0T v, HFEE, SRS
£ o THADMG Ui 2, ZOIEIL, R Y ~—8ICELARER S, R Y ~—Ho Ul
MEZDHZ LT, REIIIELT S, Zhb 2 DORTIE, Mk L TEHBICEI o

D, FASHNTE & ME LT D,

Figure 1.11 Macroscopic contraction of a gel driven by rotary motion of molecular motors.

Reprinted with permission from ref. 29 (Copyright 2014 Springer Nature).
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BN 2 EH L7 (Fig. 1.12), ¥ ZORTHEH., OFE—FX—0O—FHEHEC LY, &%

S FIEO BRI FHRL S v, R LICENT T 2L —FRicEiRS ¥ 5,
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Figure 1.12 Rotation of a glass rod on a liquid crystal driven by rotary motion of a molecular
motor under UV-light irradiation. Reprinted with permission from ref. 30 (Copyright 2006

Springer Nature).

INHOWETIESF~ v OB E OFMEN, i 2 ERNEIE DBERThH o7z, =
KL, vy ofEoFmPETide < RO FmtEEFRH LT, e 22 B
BEE2EHT LT e —F bitbhr,

ZO—DNFIH NS OREAERB LI FETH D, BT, B HIET Y R EVRY
<~ —D~YL R ERER L, Z0~L ROV a3 o R_RTRE— 2 — & A LT 5 (Fig
1.13), 31 L b D RN BRSNS E . BB B AT B35 2 & T L k3 ElEs
T2, 2. ZODOFRAN LI, AL OREHZ L 0 7 _B USRS H RSB E)

TORPAELIZ L > THRESh TS, 32

Belt Alignment
direction

Vis

Axle Pulleys

Figure 1.13 Rotation of a light-driven plastic motor under UV and visible light irradiation.

Reprinted with permission from ref. 31 (Copyright 2008 John Wiley and Sons).
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White 523 LIz HAREOBFICE T Y RUB VR Y ~—7 4 )L A0 HFREH S
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722 DOMITIE Kumar 513 2 I EONZFRFIC—H AN ORE 252 LT, AAAWICA

JMREN T 27 VRO BUR Y ~—T 4 VA EHRE LTS (Fig. 1.15), 36
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Holder

Figure 1.14 Oscillating motion of an azobenzene-containing film driven by blue-light laser.

Reprinted with permission from ref. 34 (Copyright 2010 The Royal Society of Chemistry).

Figure 1.15 Oscillating motion of an azobenzene polymer film driven by sunlight. Reprinted

from ref. 36 with CC BY License.
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i LT BORE S R F IR FeRiEz< L oc, i 28& Lonlc KD 8h & & A
ZHE YIRS, ¥Rk EOBRTTIZB W T, 7Y R VRO B LRI

JEEIED 22 < R & #5815 & W trans IR & cis (RO —EDNEFIRE L 72 5,

16



ZHIUCH LT AR TIIEABMRES N BIE S, =B E T 2 DO
O, RGO MR E &) 34 U 2 ERICBR SR -1 5,

Z ZCARETIE, ZOHMEBOFEMIOWTIR~S, BARICIE, SBHFRE L EE1K
DOFFHEE OFHE, £ L T e IREDEE - IEDGRE T2k 1T 28660 B 22 iR EhiE
FOBEARNTAER & RS N CORGROMEE N A~ T, 2N ORRZE L TEIES

iz B IIRB DR 2 £ 559 5.

y N\@\N‘—N

0 OO/\/\/\[(OH

O
oleic acid C4AC6

Figure 2.1 Molecular structures of oleic acid and C4AC6.
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Figure 2.2 (a) Sequential micrographs of one cycle of self-oscillation of an assembly
composed of C4AC6 and oleic acid under 435-nm light. (b) Schematic illustration showing

setup for the observation.
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221 CA4AC6-# LA YBNTEEARDF ¥ I 72 )E - 3>
6-[4-(4-n-butylphenylazo)phenoxy]hexanoic acid (C4AC6) & A LA VEEF N U D L% 4.6 D

FHTRA L, 22275 mM O iR KEk a2 A Tz, 55C CRE R 21T

W, R R E KRS T B S BTk, 25 CTHRFE L, U EOBRIEICEY | JES Tum £2

OBREESIKRZ17- (Fig. 2.3a), BUIRESEKITISNAEO LONREL L, BOFE E1E 10-50 pm

Analyser+

Polarizer

Thol-,

Figure 2.3 (a) DIC micrograph of assemblies composed of C4AC6 and oleic acid. (b, c)
Crossed nicols polarized micrographs of an assembly composed of C4AC6 and oleic acid,
(b) the long axis of the assembly is parallel to the polarizer angle and (c) the long axis of the

assembly is oriented at a 45-degree to the polarizer angle.
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A 2155 Z LN TE R -T2, HPLC IZ L5506, HRES RO/ C4AC6
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DFAWIRNPIN AR S ZFHll Lz & A 1706 e IZEO IR B — 27 3B S
7= (Fig.2.7), ZOE—Z X BRI NRF T HD C=0 [HfFEEN R SILD, BIRES K
HOBIIVRF VIITKBREA 2R L T D Z L E2RT, DLEORERD S C4AC6 L A LA

YBROBREE I B ME RN H DM TH D LHEESI D,

6000 -
5000 4

4000 -
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Intensity / counts

2000 4

1000 4

o 5 10 15 20 25 30
20 / degree

Figure 2.4 XRD pattern of assemblies composed of C4AC6 and oleic acid.

20



as synth. (in the dark)

Intensity (a.u.)

I -

05 1.0 15 2.0 25 3.0 35
g (nm")

Figure 2.5 In-situ SAXRD fringe image and profile of assembly composed of C4AC6 and

oleic acid, measured in the dark.

phosphate C4AcCe6-frans
oleic acid
| | | I !
0 3 6 9 12

Retention Time / min
Figure 2.6 HPLC chart of assembly composed of C4AC6 and oleic acid before

photoirradiation.

(ELS detection, C18-column, 9:1 mixture of MeOH and 0.05% TFA aqueous solution)
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Figure 2.7 FTIR spectrum of an assembly composed of C4AC6 and oleic acid obtained by

microspectrometry.

2.2.2 C4AC6 Dytikz¥pts

C4AC6 D trans IR & cis (RZNEIND A K ) — NVESE TN T D 5RO AlERIL A~ 7 kL
% Fig. 2.8 ([Z/”"F, C4AC6 O trans RIFIEFR 350 nm & 425 nm (KK 2 FF O E— 27 &4
L. ZNENDOENRCARENT 3.38X 10 M em?, 1.57X10° M em! ThH o7z, C4AC6 D
cis RITPR 310 nm & 445 nm (THBRRAZFFHOWINE—27 28 L, Th O POERENT
92X 10° M em!, 33X10° M em! EEHRE SN, £ DOMODIERE TOE/NWRICARE % Table
21 1R LTz, K 400-500 nm O Y% C4AC6 O trans (R L cis IROWT I E 23ILS
%,

HPLC Z W= /AATIC L0 . HEIERE T TOBRESEICE EN TV D C4AC6 D
trans-cis FLALEL 22 E U7 WG T Tl trans 1R % 99.8%. cis K% 0.2% 7 A T 7z (Fig. 2.9a)

Ty RFRI OB 455 nm O F EEIIE Tid, HRIRESIET O C4AC6 DERMERD LRIT,
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trans K3 96.5%. cis K73 3.5% CTdh ~7= (Fig.2.9b), ZHUZxfL, A%/ —/LHTiL, KE
455 nm OF LIRS FOKEFIRE (PSS) (28T 5 C4AC6 DEIMEALDLLZIT trans K
75%. cis K73 25% Cd o 7= (Fig.2.9¢) . Bk FHEAERP TiX, FENXEH T T trans (K5
5 cis (RNOHEMALPETT 20 DOD, A X 7 — A EHKT 5L, Z2ONEFIRETD
cis IRDAERLSITKN S | BB MH SN WD Z ENbh b, 728, 455nm ONEJFRICIE

LED 7 A b %&Huiz,

1.0 4
0.8 - trans

0.6 4

0.4

Abs

0.2 4

00 N T |'

300 350 400 450 500 550
Wavelength / nm

Figure 2.8 UV-Vis absorption spectra of frans- and cis-isomer of C4AC6 in a methanolic

solution (2.94 X105 mM).

Table 2.1 Photochemical properties of C4AC6 in a methanolic solution.

Wavelength Erans M cm1] &g M1 cm] trans—cis ratio in PSS*
435 nm 1.44 x 107 2.8 x 10° 72:28
455 nm 1.10 x 10° 2.7 x 10 76:24
470 nm 0.75 x 10° 2.0 x 10 78:22

*Xe-arc lamp was used for light source.
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a) Assemblies in the dark

trans

cis 99.8%
0.2%

"4

b) Asseblies after 455nm-light irradiation

trans
cis 96.5%
3.5%

¢) Methanolic solution of C4AC6 after 455nm-light irradiation

0 3 6 9 12
Retention Time (min)

Figure 2.9 HPLC charts of assembly (a) in the dark and (b) after 455-nm LED light irradiation.
(c) HPLC chart of a methanolic solution of C4AC6 after 455-nm LED light irradiation.
(UV detection, monitored at 306 nm, an isosbestic point of C4AC6-frans and cis, C18-column,

9:1 mixture of MeOH and 0.05% TFA aqueous solution)

24



223 REEHOXF v IRV EL— 3>

2231 BRRESEDILIGE

PAMEE OVESH OIS L = » MCHE L7 KERT v 72 IR & LC. oo TR BEMEE
T C4AC6 & A LA VEROBREB OIS E ZBIE LTz, R 435 nm OF A R
D&, EDIRBUIRESIKRP R 28 X L TOF 5 R RICR 28 & & BRI KT H
RO B M REN S BIZE Sz (Fig. 2.2), IEENOR— A ZRFHEEDR R I WV EEL 2o Tz,
FIHRESEIKT 2K E, BET 228 BRI L7, R 470 nm OF 0% ST L
T EIC B IR 435 nm OB LR LB IR OIREIN B Sits, — 5 TR 365 nm

DS E RS L2358, IIRESIRD AE L7 (Fig. 2.10),

Figure 2.10 Sequential micrographs of collapsing behavior of an assembly composed of

C4AC6 and oleic acid under 365-nm light.
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2232 RENOFHE LR

BYHIfEATIC L0 | BORE S IR OB OEB R A T2 L7z, SITHOIRE A RS2 R G
INTWD, RENEZOENE Z 1000 fps DOFREZFFONA AL — R A ZIZL VgL
720 BUIREE B RSN IC X 2 BB O L% | BURE S OTEB) DAL & & g L,
REN DK 7 v 7 7 A V24372 (Fig. 2.11), IREBOHAII—ETH Y, £D 1 ML Stepl
25 Stepd D 4 DOEEFEHNEFRIZ /T H 2 E N TE T2, Stepl TIIENL T 1 7 7 A LHFER
IR —T R Tz, IR EL RBRESERR D - < D LR LW THD Z & 2rTd,
Step2 IIHCREAERDOIEIRD . HIBCIRA~BHIZRE S BT 2R TH 5, Step3 1FENLT
07 7 A VPRI —T i\, ZOZ EIXHBREASEROENRDP S Y NS
Ko TR TH D Z & &R d, Stepd IFHIIREGILD, JTTOFHRA~TIHITKE L
AT 5 TH D, T Z T Stepl. Step2. Step3. Stepd OFTERFHZ2Z NI 1. 0. w30
u LEFET D, Stepl 725 Stepd DENENOIEFL THURES RO I DL BT, B
BT T —ETH o7, Step2 & Stepd TORIERTLRECICE T HIEM 0, oa 1X, FRS
HEIMAFET 3+1 S UM Thole, —H THREDEEDOEINIED, RE, /a0 & Vnd

X L7z,
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(a) Flat (Step1)

Bent (Step3)

(b) Relative light intensity (Controlled by neutral density filters)
1/32 , 1/8 1/4 1

< > € > € >€E—>
Air =435 nm (5]
£1.0- I
c
2
£
- 0.5
o)
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©
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Figure 2.11 (a) Micrograph of an assembly composed of C4AC6 and oleic acid used for the
analysis. The region of the blue-line frame was used for the analysis. (b) Time profile of
mechanical oscillation of the assembly under various light intensities obtained by image
analysis (A, . =435 nm). (c, d, e, and f) Detailed time profiles of b: the relative light intensities

were 1/32, 1/8, 1/4 and 1 for b, ¢, d, and e, respectively. The time profiles were observed by

a high-speed camera (1000 fps), and the time resolution was 1 ms.

27



Fig. 2.11 OfFFTICHWZ 0 A D SIFBIOBIRES K EEERI) b, HFELR
ST, Stepl 7225 Stepd D 4 SO A AH T 5 BAIR 2 IREERZ R L7z (Fig.2.12a), 7=
72U, #h2N DEALESRC, Stepl 725 Stepd O PRI 2 o 7o, AW 1T ORI KON
Vo & Vo ZBREDLEICR L7 1y B LTEARER % Fig. 2.12b 12T, 1 & Ve OfE RS
BIZHBIL, @577 7 ETO Un & Vn OEROEEIZELLH 1 Thoiz, o uldif
FERICRFEET, 321 2 UBTH Y., Fig. 2.11 OFFREF UEEAr—LTHh o7, LL
L ORERIE, Stepl & Step3 TOFERRIZIRZELIZ—IEFIWFRIC L 0 AT L TV D DITH

L. Step2 & Stepd TORUERTIRZE I, KA DEHEEAG T 2\BBTIE RV L 2R T,
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a)

A =435 nm

(using 1/8 ND Filter: 3.18 mW/cm?)

iy

» 1.0 -

c

9 S3 S3 S3 S3

c

; 05 m 7 (5]

0]

N S1 S1 S1

@®

£ 0.0 -

o | I

Z 0 2 4

Time (sec)
b) -
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llllll
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Figure 2.12 (a) Time profile of mechanical oscillation of an assembly under 435-nm light.

(b) Light power dependency of frequency, 1/71 and 1/z.
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2233 &K 470 nm ORI T TORBES)

Fig. 2.8 (2”9 K 91T trans K13 470 nm DY & WINT 5 Z L8 TE 5, Fig. 2.12 T K 435
nm OFEERE FICB T 2IEB 7 1 7 7 A VAR LEARES RO, JEE 470 nm OF A
SRS FICRB I IR Y 0 7 7 A V% Fig. 2.13 1R T, R 470 nm O Y% AW -85 801308

E435mm ONERHWEHELD L, ) il X TRENoT2,

A =470 Nnm
(using 1/4 ND Filter: 3.69 mW/cm?)
P
% 1.0 -
c
L S3 @ S3
=
0.5 1
8 0 73
S S1 S1
@
£ 0.0 1
o | | |
p 0 2 4 6
Time (sec)

Figure 2.13 Time profile of the oscillation of an assembly under 470-nm light. The time profile

of the assembly under 435-nm light was shown in Figure 2.12.

2234 JEHREROEMEER)

Stepl THOEHS 25 1L LA & Step3 THEONEIRE 214211 L2542 2 B HEifi
Hr OfE 8% Fig. 2.14 127”3, Stepl THIE 2= 1E LGEITIE, o 2BRESKITED
FEOBRER STz, — )7, HIRS7RRETH 5 Step3 THHRS 2452 1L LA 1iE, LI
O <IFHR TR E RS T2 b DD K 60 L ITHID o 72T D BT DB Rk~ & 2

W R D LB S T,
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435-nm |Turned-off the light

light

Normalized Intensily

I T T T T
0 20 40 60 80
Time (sec

Figure 2.14 Relaxation behaviors of an assembly composed of C4AC6 and oleic acid after

blue-light irradiation.

2235 RENORIEEENE

IRV BLOMR AR AT 2 50 L7255 % Fig. 2.15 17, JEEIMCRE S RERICIRE &
NTWD, SR E T I AR Z A L, Rtz S L, BolkEa R0 R & &
BRIt E 0. PAT/mIE%E 90%mE & EHT D, 0RIEHRH T CIIHCRES R IE
FoltFE T, BEIBR SN0 o7z, —J7T 90 T CIIMCIREE S RO IRB) 2381
LEINTo, ZORRITFES RBCRES R Ca thBUREN 2 55 35 trans (K7 Y X UE 3
EROEBIIRAE— A 2 28 0@ H MICELM L CWD Z L &2RIBT 5, 7286, IREHD

JABEADMRICIRST T & HERIC DI ORI T THRARD DIF, MINENERRDT-OTH S,
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a)

Direction of polarization of irradiation light

0° polarized light

90° polarized light

b) Non-polarized light

AN

Intensity

5.0
Time/s

™ \ [

) Under 90° polarized light

2 \

= !
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q') L ]

= \ '/

W"'.“I.“’.’ \'.J-OW.'. .W"" '.‘_.,._...J-.-&"’
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Time /s

Figure 2.15 Dependence of time profiles of the oscillation under 435-nm on polarized light.
(a) a micrograph of an assembly composed of C4AC6 and oleic acid used for the analysis.

The region of the blue-line frame was used for the analysis. (b, c) Time profiles of the

oscillation: (b) under non-polarized light and (c) under 90° polarized 435-nm light.
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224 FEABRAT TCOHEGR

BOREA R E DRIR L T 7 A% ¥ ©F7 U —IC AN TZ#lb 2 Vv, HatiEe FTo
N X BB 21T > 72, BREDEIZIEE 455 nm 0 LED JelRZ FV o, X RO #E SR
FIREND 1 A LY IR TH D 60 7312 Lz, T7205 Stepl 725 Stepd DAIHFE
2B DHEmN L ORI AR SN TS, ¢g=137nm! (d=4.7nm) & ¢=1.59nm’ (d
=4.0nm) O 2 SOEHFTE—7 BEHIENT (Fig.2.16), 209 H g=137nm!' D E— 7%
AT CRtl L72fE R & —& L7z, ¢=1.59nm! O ¥'— 27 83872 &3, P oM Gishte
A) LIFBIORERME (RESAHE B) NHE GG T CBND Z L 2B T 2, ¥, /M X
[EIT ORERT L MER D EH BB T HHF N T CREMREER T 5 = & 2 el

L7,

under 455-nm light irradiation

Intensity (a.u.)

I
05 1.0 15 2.0 25 3.0 35
q (nm™)

Figure 2.16 In-situ SAXRD fringe image and profile of assemblies measured under 455-nm

light irradiation.
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23 ER
231 REVEFERT 2HEMCFERR

Fig. 2.11 3 L OV Fig. 2.12 (27 L724RE O B EARAFEO AT Tl IRENOIRIE X —
DD, BRI ZEAGITK ST D Step2 & Stepd 1T F N EHERE G LAaWiEfE THL I AR L
72, ZOZ kL Fig. 2.5 B L O Fig. 2.16 (28 L2/Ma X BRIETHIEORER 2 A bE TE
% &, Stepl TIN5 TR OMTH L4550 A TOWMIETH V| Step3 1L ZIC
TERC S AT #2872 AR OFE LA B Toilafe (& 5V TR B BMFEET 21k Th 5
EHEE SN D, Step2 ITAGAAFE A DA B ~OMEEB AR & 21BETH Y . Stepd 135
gt B 22 DiffdatH A ~OMEBEE N E X 2t Th 5 LHE I D,

Step2 ¥ L U* Stepd TOMEEMEEBIL, MMEFRISOFERE LTHEITL TS, uBLD
o ORGDLEKFEND | HHERZHET 27200 FEITE LY, 2F 0, BEAROHR

WD —EDBEIZELIZ L XIC, ZOMEBEBPEZLEEZDbND, £ LT, Stepl 75

=1

Stepd DOIWFERV K SN HITIX, MHEBOALTITe <, ZOMEFERIES FMIICHE D K
SNDHUENRHD, ThbL, ZOBMOT TEFRISOREESEE TV D,

T RP UHEARORIETICR T D trans—cis WEMAL D SIEEE Viansoas & cis—
trans RO SR Veisoirans 13, AFIEE & BARNARBE BFIEROFE TR E 5,
Fig. 2.8 & Table 2.1 (Z/R L7 X 91T, A X J —/VIRKIEHF TD C4AC6 DT N IEARER ITIE R
435 nm CTldgpans = 1.44X 103 M em!', g4, =2.8 X 103M' emr!, #5 470 nm CTld gpans = 0.75 X
1M em!| & =2.0X10°M em! ThH o7z, Ko T. K 435nm Tldémans /&is=0.46 ThH
V. W 470 nm Tldians /s = 0.31 TH D, FT2 trans—cis JRMEALI KO cis—rans Y65
ML ENENOEFIERT, RREAMEITZR <, %4048 +£0.02, 0.59 +0.03 Tho7z, ©
FTROBIEE 435mm K0 b, R 470nm OYeE WA, cis—trans JERIELD RIS
T (eis—mrans) V2T D trans—cis HBRMALDOSIIHE Vians—cis) DHEH/NS <725, Fig.

2.12a B X OVFig. 2.13 (2R L7z, K 470 nm O X2 W =5HE812, 115 435 nm O E v
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e X0 b, 0l ol X TRERP T ERMRIL, Stepl TIE rrans (KOFIEG 238 LT
cis IROFNEG D3ENNT 5 BYECSS I HEIT L, Step3 Tl cis (KOEIEG 238 L. trans RDE
BN D BAEACSOR ST L2 2 & % oR T,

BN E TR cis RN BEIIZZETE TR trans TR~D BMEALIZEUC X - TH FREICHEST
3%, Fig. 2.14 |Z/R L7z Step3 (355 B (2% L, fdaAE B W Cl cis K05 trans (5~
DIVEE 72 BIEAL DS A ~OMESE 23 L, 2 OFEBRERITHF LR TIck

\7 % Step3 TD cis K5 trans R ~DNEMALDOEIT 2 AT 5,

2.3.2 AEMAARHY B 2EH

Fig. 2.9 T/r L7z, HPLC IZ XV 7347 L72i & 455 nm D F LRSI 2 C4AC6 O
trans-cis {RELIX, A & 7 — VEHRHP TIX trans K23 75%., cis (KDY 25%., BCRESIRH Tl
trans K28 96.5%, cis (K3 3.5% TH D | AKX J — WIRIERFIC AR THIRE SR Tl cis 18
DR DI oTe, TR ORBEMITRE I IEEEDEE LD T2, Zo®
TR R R DOER IR EDT V' XU OREICKAT 5, 402 LIen- T,
AH ) —)VERIRT & e BORE SR T cis IRDERR D D720 72 2 L1k, fdmO#HIT
72,80 % 2 7 trans—cis SCERMALZMHI L7 2 & 2oRT, HEEBE T Tl d=470m T
HOREEA L d=40nm THHHEEIB O 2 SOMMPFEE LT, Ml A Oy %7
SRR B O3y X U E e b LEBEZ HNDTD, KM A LR B TlEAS RN
RO B IR D, LIe-> T, fdbtH A LR B £ 22 BT 5 cis IR42AL
OIFHIOEE IR D, ZNDFEEME A &G B TIPS OEITEA DN W 5 5
RiZie>TWnb B2 BILD,

o, TYRUR U F ORI KT D RSO A EE D | K REEZICE D 2k
LG DOHEATE A ST 2 EKO—> L b E X BN 5, Fig215 TIREIFEHORLELT

PRz B L72RER AR L7c K912, 0° (ROLIRE T CIHRENIBZE ST, 90° (REIRH T
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TIHREMBIZE SN, T7bb, IREFEBUCLET D rrans (K7 V' N B U FFEIKOER
WA A-E— A 2~ OFLFA, BORESERT T, 90° R AIR > THEET D, fEdtH A &
fEmAE B CTIEaFESINZELT D72, ARHKOERRT ML LT Yy R B FERDE
BAMGA-T— A > NOMENET B, LEERN-> T, fEfbtE A LGt B T rans &

cis KOWINWHEH DN BT B BN D,

2.3.3 XEMAICER L/ABEGRIC & 2R OTIREL

T A R AB =TGR ORI A BIEE AL DR T, A AR T2 b 2wl
THIGHHEITT 25—, fida OFTIISUSHEIT L2 L2 XY | fsaN TOERY O
ARY)—=72 3 HmRAE T, fEmtERNELND Z L IZ X MmO ENE E T D LS Twn
Do B4 Z ORI LV KEESEH#T D56, HEPRESWIZE, Midof=RIIRE
R DR A RO, ZHUTx L, flidh O —AHIERIC & 2 BEARRZL T, Je@ & AT
BItR2 N, ANLBIEYT U — VT VFERD R 7 aiffias, SR X o THi 22k
MEICIE SN E IR EEZ DEF B EWE L T D, B 72720, fEd s S
FRITHES, TONBLRELS BT D00, KERFERHTIIEARNE L, HEEBIC
L DRELZAEY 32 ST LV, SISk L, Z0EAEFIH L7z photosalient %)%
b, TERE STV D, 404748

— R L 0 S OTGIRE LA U 2856 1T, R a0 85 M Si S Tz i
SRR S D E IR S D, L L, AR BHRER TIdmbdb o3 i il U7z, #lds o3 ih
MDD, TARDRMEBEDIERL L Vo T RGO EPI LI T D, ¥ ARIFFE T4 &
L7-#tfld Fig. 2.3a O X 912, PR LCBRETHRZA LR BBREINATND Z e
5., 2O OREMITEE RN T OHINORMEEA L TV LB bND, fmsmih L7z—
DOFREMNEE LT, ZOXMER LIz, MEBIC X 255 OREE « I & . K

LR L7l OB SRR E TWD 2 ERBER BND,
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FERITIRE 2 RS 5 b O L IREZ BB LW b OMNFE LTz, ATROE 2 7 Icik-3<
L ZOHMBLE LTARSEBUTD2OBEZLND, BB ISR K O A A
FAC KV ERRD 72O TH D, KRG 72WRGE TR NI Z 02 < < IRESFEH L 722
W, AR DR IRT AT MEBFERIC I D B2 D720 Th 5, fhigh D IR
fDIMEAKIFT 272012, B E ORBLATREIENZE DD Z &1E, 7557+ b A B =TV
fEan DT HIME STV D,

LU, BHEDODHTEIN TIE, fid R EIfEICERT L2 2 LT TRV L, Flen+
DERMAGIZ L D NF 3 F =85 O SR A2 0 F LUV TS 2 FEIRR 60 T

WD ZEND, BT ALK HOW T, EBRINICHIEIZ T D Z LIZTE TV,
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24 5

ARETIE, EFRE AL T CEREIC B HRE I 2 #hdh 2 s L7z, IRENT TR
E G AL OFEER ] & TEZ L & EE) LR mogl ) b ) omlRic k> T
WHTHZ EER LT, BEMIZE 1 BB 4 SO@BRRIZLLTO XS IZ#P x5 (Fig
2.18),

(Stepl) EHCROFESEFE A IZF G (K 435 nm 2470 nm) ZMBET 2D &, KERNES
DT I X BUPNEMEA L cis IROFIED X D, FERPNET cis (ROFIGNH 2 5 Z &
Lo T, A A IIRLEIRT D,

(Step2) & HITHESANERTD cis IROEIANEEINT 5 &, SRR OFESAAE A 2> 6 iR
DOFEERFE B ~, X U BORM A — /L CHEEHREE T 5, Fig. 2.12b TRLIZ K H 1T, B
HEmAZEZTH Stepl (ITBIT DB E TIZUERNFREIT—ETHLZ END, cis KD

HEN—EORMEICE L & SITHER S EE TV 5,

(Step3) cis RDOENIE 3BT 2 N RMACSIEAEITT 2 X 512785, d=4T7mm TH D
fidmfl A & d=4.0 nm Th 5 B O FESIOEE, WHIZBIT 27 Y RXUEBro
trans PRE L O cis (RO BT PERSLCWINBHE DA Zb S5, Z O FERmIE A TO
HEMACRIS I7 1) & AR B COIEEMEAIE 5 7 & iR T2,

(Stepd) gt B NELD cis (RO BIEIZET S & #BCRORSEHE B 775, Stepl
DOFEEHFTd 2 FEHCRORESRA A ~, I VB ORI A 7 — L CIRIEHRTSE T 5,

Z O Stepl 75 Stepd OMFEDE Y KT Z & T, BOREARITHIRIE D —E DD HREN LS R
SIS LI ERO BiMRE 23 BLT 2, —HRCTEFMNRT AR T C#ETT57
YRR D T BTSSR 2 b OSSR T D A IR T H
%,

KRB BRI AR FE—F — O L O I FBSOR EAEE N8 L SOG D J5 1) Z ]

BWE D2 ETRILE, RBGUIN T~ 2 v OB 2N~ 7 a7 )R~
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TOWMZEST L7 7 —F0—>2& LT, IMHiRRIEDOMREN] & [H5FEEERD

FZERIEZE] EDOBRIT A — Xy ZPRAATHL Z L amLT,

Step 1 (n)
photoprocess

[ —> QU
[cis]

/

[frans]
Step 4 () Step 2 (»)
phase transition phase transition
(unbending) Step 3 (2) (bending)
3
photoprocess
D Jru—
[crs]
[frans] R

Figure 2.18 Schematic illustration of each step of one cycle of the self-oscillation.
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AR
FA BT R UL JERT). BEXOTYROPUFEROERIC AW REE - A
BRI, IR A RSP L, 7Y RUPUFHEERIIB RO HETER L, =X

J—=VInbEEEE LIz b 0z v,

B
4-n-butyl-4'-hydroxyazobenzene (1) MDA

4-n-butylaniline (0.606 g, 4.06 mmol)IZ7/K 9 mL 5 KX ONRHEEE 1.5 mL #1 %, Z Z Ik
TR L2 SHEER U 7 4 (0.28 g,4.0mmol) @ 0.42mL KIFE & F Lz, Z DR
BRI, 7 =/ —/1(0.376 g,4.00 mmol), KEE{t.T kU 7 2(0.16 g, 4.0 mmol) & fRFEEAKFET F
U a151gaK (18mL) IR LI-#Z P> D LT Lic, B Lo, RiE
f2 0.5 mL THFIL, & U7CREZRIENE L, K THEF L, 507z EIRE2 BTz S

. HAERM E L TABKER 0932g (LR 90%) #1537,

'H-NMR § (270 MHz, CDCls): 0.94 (t, J = 7.3 Hz, 3H), 1.31-1.45 (m, 2H), 1.51-1.70 (m, 2H), 2.68
(t, J=7.6 Hz, 2H), 6.94 (d, J = 8.9 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.87

(d, J= 8.9 Hz, 2H).

6-[4-(4-n-butylphenylazo)phenoxy]hexanoic acid ethyl ester (C4AC6EE) D& RX
1(1.57 g,6.2 mmol), n-bromohexanoic acid ethyl ester (1.6 g, 7.2 mmol) ¥ X VURIEH U &7 A

(1.71 g, 40 mmol)Z, 7 & h> 20 mL T L, —BEMBGRIE AT o7, EIiRE THRm L7c

%, B ZIEm TRV BRE | WA ¥EE L, BT a2z, KTHE L, Mg ~

U0 LTHIESETZ, W EOR, BIERREZITV, HAERY 3.24g 21572, ~FH
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SEAEEMmEITV, AL Ui SO C4AC6EEL96 g (3R 85%) #457=,

'H-NMR & (270 MHz, CDCls): 0.94 (t, J = 7.3 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H), 1.34-1.90 (m,
12H), 2.35 (t, J= 7.3 Hz, 2H), 2.68 (t, J= 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 4.14 (q, J=7.1 Hz,

2H), 6.99 (d, J = 8.9 Hz), 7.31 (d, J= 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

6-[4-(4-n-butylphenylazo)phenoxy]hexanoic acid (C4AC6) D& L

C4ACG6EE (1.19 g, 3 mmol)\D =% / — L 20 mL &2, KE&(LA U 7 2(1.87 g, 36 mmol),
K 5mL Rz NA ., 5 BREFINBLET 21T - 7o, S E THRIm L7z, MR 3mL, /K 3mL
ZMZHPFL, HELEEE®R Lz, BT ez, KCWEL, it MY o ATz
MR STz, W EO®R, WIETBEAITV, AR 1.08g 21572, =% /) —/L) b Hfilbh

TV, AL U afEEEO C4AC6 0.646 g (ILE 57%) %157,

'H-NMR § (270 MHz, CDCls): 0.94 (t, 3H, J= 7.3 Hz, 1.31-1.91 (m, 10H), 2.42 (t, 2H, J = 7.3 Hz),
2.68 (t, 2H, J = 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H), 7.31 (d, J = 8.4 Hz,

2H), 7.81 (d, J= 8.4 Hz, 2H), 7.89 (d, J= 8.9 Hz, 2H).

C4AC6-7 L 1 VBRIREHRRE A OB G 1A

AT U A (6.60mg, 21.7umol) & C4AC6 (533 mg, 14.5umol) %, 20mL
NATIAZAI, T2 pH TS DY Vet R U o MEREHR (S mL, 75 mM) & KER(bT b
U LKEEE (029mL, 50mM) &Mz 7, ZORAHCH LT, 55°COE T T 30 43
DEF RIS 2TV HIK 5T, 2 O5HUK 140 uL %, M7 — 7" (Bio-Rad, 17
mmX28 mm) ZfEH LT, 7 A RAREET T3, NEO I N—27 T X &S 0.12-0.17

mm) 2 BUTE T, TR T— b afE LT, 2O T— R EBRLUERY O5BIED A -
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723, TV 25CIHIR FCHE Lz, 7 LXT7— N2 BEMEEBERICHW, A T TE
i UTEMOIREE AR 2 . X AREIPTHIE. /ME X BREIPTHIE . HPLC., BAMARIN 0 Yo iz

L7,

AR BI SR & BhEARAT

BT, EROFETIER L7 Lo — &AW, o TS BEEE TE2000  (Nikon)
L TiTo 72, %L > XIZi&, Nikon Plan Fluor ELWD 10 X (NA0.30) . Nikon Plan Fluor
ELWD 20X (NA0.45), Nikon Plan Fluor ELWD 40X (NA0.60) % i\ 7=, {R)GCEEMEES D
BEIL WO THEBEEN D A T AN TV XLERVINL, KT TAFETFI74 %%
70 A=)V OIRREICHIET 5 Z LIk - TT oo, BRESE~DOF R L O¥IHL
FREHIE, RIS & E/KER)T Short-Arc Lamps HBO  (Osram) & M=, HRSHEI & O il
X, N RSAT ¢ VB B LTz, 3R 435 nm (213 Nikon #184 BV-1A, 470 nm (213 Nikon
#1:5 B-2A, 365 nm (Z1d Nikon 184 UV-1A % f\ 7=, Laser Power Meter LP1 mobiken (Sanwa)
Z MW T, ®H 1L > X Nikon Plan Fluor ELWD 20 X O FIRFIZI5 1T 5 435 nm O FRH D
BEFHHILZ, BEEEOMREICIT, ==2— b TAT T4 (ND) 74 VZEMHL,
FREEEZ 115, 1415, 185, 13215& Lz, ZOHE 435nm 2 /- & 2 ZFHil &
Te M EIT A %264, 625, 3.18, 0.76 mW/ecm? Tdr o7z, 470 nm O RS FETITHED 2D 0.59
EDMETH o7z, WIEOREIL, MRIREREITFAT D Z LICL>T435mm OFENE
Wit & UTAT = 7o, BIEAEATIZ W D BCIREE B R O IRENER) Ot # R A7 M K ORI
PE 2 AL LT B ] |3~ A B — K CCD 7 # 7 HAS-220 (DITECT; 1000 fps) % FVTHki
L7z, ZOoEk IR X OEE X CCD &7 £ 7 STC-TCI 152USB-AS (SENTECH; 19.3 fps)
Z AW THREE U7, IRENEER O AT X, G f#ENT >~ 7 I Image Pro Premier (Media Cybernetics)
ZROCT, BOREA RO OB 2 fh23 2 B OFRIE & U<, HEORMZLOBIRZ X -

TIT-o 77,
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X BREIYTH E
BORE SR Z 3B Z & By R X BRI EHH O 5 7 A8 B2+, RINT2000 (RIGAKU)

ZHAWT, MEHEIZ X > THRPFTIE 21T > 72, FRIFEIZIE CuKa #f (1 = 1.542 A) ZH\7-,

in-situ /N X BREIHTHIE

/N X BRIEHT SRR IE, BORE AR L B Z N 1lmm O 7 A% ¥ ©F U — (Hilgenber
GmbH) (Z ANt D ZFEIE LT, Nano-viewer (RIGAKU) % V>, BHi#iEIC L - TEIPT
HIEZ1T > 72, X BRI (Micromax 007HF) 1Z1% CuKa ¢ (1=1.542A) # 7=, BT X #
DRI IE Imaging Plate (F8)GIRH] 60 57) . BiEIZIE R-AXIS DS3C (RIGAKU) ZA#/H L
7=, HOEBE T TOFICITEIRE LT, A RTREELEANYT 4% LED 77

LED455-P (Optcode, /N> R 40 nm) Z{FH L7z,

BMIRIMRIX A RS b v

BAMIRINBINL A~ 7 S VRELEL, B =~ | IRT1000 (JASCO) % He Y fiF 7= 4-44 555k
4518 FT/IR4100 (JASCO) ZHWT, BwliETiTo7e, MEHIR YV =F Lo 7L 7427 — |
2R —H (JASCO, JEE 12pm) ZHNT, BREGEZ BT & 7 oAb T L5
M2 BOZHes  TikiE e vic Adu, JE Uz, TR & BOIREE SRS oy £ L2 LR

NN AR T BV DFEART FL e U TRERZ1572,

HPLC 1T & R4 #T

HPLC (2 X 543#8ri%,. HPLC ¥ A7 A LC2000 (JASCO) Z#HWC{T-7-, EEMITIT=
AEVIVSCIS-AR-TI (FHTAT A7) MM LI, 7Y XU UFEEOHIICIE, UV
i # UV2075 (JASCO) % FHV N, #RHI R 1L 306 nm (cis & - trans (ROEWIR) & L7z,

F LA UEEOBRIICIE, RRCEELR S (ELSD) 1260ELSD (Agilent) % HV>, ELSD O
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FHSEIE AR T T A —IRE - TSR —ZIRE L $1240 C, 3T TA VU T HAITE
RN L, HAWMHEZ 1.6 mL/min & L7z, BEMHIZA X /—L 1 0.05% (viv) FU 70
A a B KIS =9 « 1 IRATEEEZ AV, &L 1.0 mL/min & L7z, 30BHE, 2GR SR
WEABEZEBEA v 2 (AR 80 um) ITX->THEEL., ZRBKIZE Y BESRL THY
T2 TV LTEMRESIRZ A Z ) — VCERfRSE, 5 ul Z2REREE LTHHT LTz,
FHECRH TR T 2 EFIREBTOBRESET O trans-cis LEPE LT, FEROHE:
PRI X > THHE LB EAIRIZ 455 nm DT 4 RULED 70 72 VT, Heta 145
MRS L, i A ¥ ) — ZEfR S, Spul Z2HlERE S LT L7z, 72 C4AC6 D
AL ) — VERIEDIEEFIRIE T D trans-cis HIZOW T HHIEEIT 572, 455 nm DANVT 4
BILED 7 v 7% MWW T, C4AC6 DA K J — VKK (0294 mM) [ZH AR ZRE L, 5

pL ZREREE L CTHIE L7,

C4AC6 DYttt DRIE
RERIIRERIZTIT 572, UV-Vis WILA~Z RLOREIT V-650 BIERAN [ 8155 Y66 FE
(JASCO) %M\ 7z, BT CIRE L7= C4AC6 D A % / — VI (0.0294 mM) Z#klE L
T, C4AC6 D trans KD UV-Vis W A7 ML ZRIE LTz, AL C4AC6 HHRIZNV T
B LED 7 > 7 LED365-P (Optcode) % V>, 365nm DRI % S L 72 b D D RS Al
AT bVEFRI LT, 2 OWRD trans-cis K% . HPLC 12 L - CTHIE L7, HHEE
13306nm & L7z, C4AC6 D cis RDE/NWOLLRELIT, UV-Vis WIL A2 /L& HPLC (T &

Y SHT L7z trans-cis IREED BB LT=,
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E3F BRETSERICETIEADT DR

31 #=

2 TETIL, C4AC6 LA LA UEEOFESZ HAWT, fhsh OMHEERE & B SE S EE
5L TREAT L HMESHSEER L, ZOHMEHHRLIIRO SO MER->Z
b, ZOHZOBEKRIT, HF~ T OEFE EEHA T — N TOMFITEWE T DD —
Nc/e B2 %, () 70 FOMEE e~ 7 n 2EB~HEET 2, () 724 4
ALFPOSIN BV IR UMD & 5 BRI 72 EB 2 R8T 5, ZOHMRBBIR 2RI
DIZODRDAT v 1, ZOBIRZFIT DHibdhORGHESH OHBETH D,

Z 2 CARETI, BEVT DRI 2 T O RO L O #8725 b
OEEDONZ B E LTz, £T7 Y RXUEVFHEIRTH D C4AC6 O HTORE ST % i
AT LTERERZ B D, HE T, WD FORBE EMAEDEEZE X IREIT DGR AT
DINENE A LT RZ T, RBIZZNO ORI 2 L TR O NTIRENT 2R Ok

oW TR %, REBRICHWZ5 113 Fig. 3.1 1IZR L7z,

45



oleic acid

AN\/W/\A)LOH

18
elaidic acid

15\/\/\/=\N\/\)LOH

palmitoleic acid

/\/\/\/\/\/\/\/\)’\OH

18 ) ]
stearic acid

O

1{W\/\N\\/\'J\OH
palmitic acid

S
:

$
¢

C4AC6

C4AC4

¢
:

C2AC6

”

C6ACS6

¢
:

C2AC8

5
:

C4ACS8

ﬁ
s

ﬂ

ﬂ
JFM”
ﬁ

Figure 3.1 Molecular structures of fatty acids and azobenzene derivatives.
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32 #ER
3.21 FEEMT VR FHEE C4ACE IR DIREIFKIER

C4AC6 DH—ff Sy % F - fb db ORI 7 1 2 et U 7e, 2 B TRV i 7 1k &[RRI
C4AC6 (2 Y FRTR M K VAIR & N % 72, 55°C CRBE I IS 21T - 7214 . 25°C CTRRE L 7=,
O TR 2 BMEE T CH AT 2 b, M ORENIBIE S Lo T,

WIZ, CAAC6 |\ ZH LY IR EKER 2N A, 55°CClE R 21T, k% oms
B, I OREBET D ETINEL, 255CTHET H 2 & T a7, ZoOREEZ
RRAET KIS D DG & AR TIEFRT D, 727210, C4AC6 [INNEMRFIZ SE 4TI HLA R
L TWRWY, REEDKESHR D O OFREAEIC & 015 B AR O W < DTl W ik ok
WTHoto (Fig. 3.2), Z DOFERICHEE 435 nm OF AN EBE LI 245, thisEhx b
TEDTGIRICR L8 & 28 0 I3 B phREI MBI S/ (Fig. 3.2b), IRENEENX 4 DO
FOEAR 2 A & L BB 2 IRE) T 2 T C4AC6-4 LA BRI B R D 4 DD IEFR7)
b7 D¥RE) LU LTk N Th o 7,

ARG TIE C4AC6 2K ) — /L b i dh L 7ol &2 C4AC6-SC I, FEE /KIS H 5 D

HiEimic X v 575552 C4AC6-SC I L EFHT D,
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Time
Figure 3.2 (a) Micrograph of crystals of C4AC6 recrystallized from a buffered aqueous

solution. (b) Sequential micrographs of self-oscillation of a crystal under blue light.
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BONT-FER O X BREYT /< — > % Fig. 3.3 1T, /INMATEED 20 = 1.9°, 5.7°, 9.5°/C
A e — 27 B S 4Tz, C4AC6-A LA VIERIEAHEAD 1 &k, 3 &k, 5 ROEHTE— 27 1%
20=2.1°, 5.9°, 9.75°IZBIII S TE Y . Z D C4AC6 Flifm DEHT /X% — 21X C4AC6-4 L A
VERRA RS ORIPT S — 2 HERL U7, 7272 L IRAE R ORI L3R 0 | C4AC6 D

Fr e VTR U 723N o fk sl 2 & A T,

Crystal composed of C4AC6 and oleic acid

' |
EW

Crystals composed of C4AC6

Intensity (a.u.)

5 10 15 20 25 30
20 / degree

Figure 3.3 XRD pattern of crystals of C4AC6 recrystallized from a buffered aqueous solution

(black line). XRD pattern of crystal composed of C4AC6 and oleic acid (blue line).

3.2.2 CAAC6 DEEE X ARBEHENT
3.2.2.1 C4AC6-SCI: =% ) — )b EfEd LTz C4AC6 DOFE MR IEE

TH =B OFFEBIZ L D57 C4AC6 fifdh D EIRICIS T 2 Hifkdh X MG fEHTIC
FEOL T —F % Fig. 3.4 & Table 3.1 [Z/”9, AEHTO R K11 4.07% TH-o72, —D
DOHNHEFIZFRI LR A= a v EFF5722 D0 C4AC6 NFE LT, kL /eo7=h

SR L HDN SR DJE 2 TR LT T FIRERE & 7o T, 722 L S ORLRIE TSy
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FHEOBOREBEFMNLELIMHNTEY, IARFUEOFEICZ—T VES DREFR D
ffIEL T\, EFEEEET 138 nm Tholz, FHT7F NI T — 2L E->TEY,
ORTEP X /-d Y . Z OfEabiEE T ClX C4AC6 DR TR (RERT) A/hEnz

RSN, ZOFELT TlX C4AC6 2 F DEEIEITE W EE X B 2 5,

a) packing

Figure 3.4 (a) Crystal structure of C4AC6 recrystallized from EtOH and (b) its unit cell

(ORTEP: ellipsoid contour probability is 50%).
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Table 3.1 Crystal structure data of C4AC6 recrystallized from EtOH.

properties data

Formula C,,H,4N,0O4

Crystal system triclinic

Space Group P-1

Cell Lengths /A a 8.4845(2) b 8.8597(2) ¢ 13.8271(2)
Cell Angles /° @ 99.702(2) p100.861(2) y100.397(2)
VIA3 981.691

Z value 2

ViZIA3 490.846

Temperature /K Room temp. (283-303)

3.2.2.2 C4AC6-SC II : FRE KIS H> O FfGdh L7z C4AC6 DFE i

EE IR & PG i L 7= C4AC6 #fidh D 93 K (2 1) A1 — # % Fig. 3.5-3.7 & Table

21T, AN D R K13 2632% T o 72, —DDHAFETIT 6 FEOMIL7 C4AC6 7)

T FEE LT= (Fig. 3.6), f&fh @ ab T FATIZ, C4AC6 43 T DBUKMEIEMMNEF 72 g & |
BRI DR E ST ZTERR L, ¢ #iFRIC 2D DR LAY IR LERE L TV,
OO FRIZ47Inm TH Y | REBIRZTEHL LT- C4AC6-F L A U IRIEA KD d-
spacing DfE (4.7 nm) &IT< . C4AC6-SC I D HfE I X MG DEE S AR X
FRET/ <% —> (Fig.3.8) X, 1R, 3. 5 KAFERIHIITHR &9 5T, C4AC6-F LA

VBRRGRR ORI NS = L KIS B L T,
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.y Ly ,
o R ® R T OO A O~ 0

st Sy ey
A SRR T oA
Ve / — & .., 1 \/\/., PS5 < 7
g O gy
L P i O \ @V O— ,/\/N

a) packing

Figure 3.5 (a) Crystal structures of C4ACG6 recrystallized from a buffered aqueous solution
and (b) its ORTEP figure (ellipsoid contour probability is 50%, red: atoms with large thermal
52

factor, green: atoms with small thermal factor).



Figure 3.6 Unit cell of C4AC6 recrystallized from a buffered aqueous solution (ORTEP:

ellipsoid contour probability is 50%).

Figure 3.7 Conformation of alkyl chains and thermal factor strength in a crystal of C4AC6
recrystallized from a buffered aqueous solution. White: all-frans form, Purple: including a

gauche form.
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Table 3.2 Crystal structure data of C4ACB6 recrystallized from a buffered aqueous solution.

properties data
Formula C,,H,4N,O4
Crystal system triclinic
Space Group Pl
Cell Lengths /A a7.931(5) b 9.089(4) c47.117(11)
Cell Angles /° a 86.28(3) £86.44(4) 765.28(5)
VIA3 3076.39
Z value 6
VIZIA3 512.732
Temperature /K 93
(007)
5
s
=>1(001) (003) (005)
5
= Crystals composed of C4AC6 and oleic acid
(005)
(002) (003) JL
N AN
Crystals composed of C4AC6
1 ] ] ] ' 1 ' ] ' ] ' ] ' ]
2 3 4 5 6 7 8 9 10
26/ degree

Figure 3.8 Calculated powder XRD pattern from the single crystal data of C4AC6

recrystallized from buffered aqueous solution (black line). XRD pattern of crystals composed

of C4AC6 and oleic acid (blue line).
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FRTD C4AC6 DRLGD /LR F IET, ¢ W RNCEEES 20 F O RF LI L 2
DOKFEREGETET HHEHICH Y . C4AC6 O _BRZFMR L TNDZ a2 RE LT, %
T2 ZDHNHRF T EAONT AT, ab BT AN B2 L 7RIS = — 7 VRS & OB D3 F
TE LT, MSEA2 6 45 FD 9 B 4 pF DT —T LSS OREEIFF BT 5 C4AC6 &Rk D
TR F VIO AAFAE L=,

TFNEORIFOSARBIEIL R T o 2o TWH b0 e I—aBlith->TnD
HOMPFIE LTz (Fig. 3.7), M7 6 37D B2 1N N T LV AMT 45 R —va
WThote, FT7 AT FNHIL, BUKMEEPEE L ZEOTIZEICMEL, —v =
7 F NI OBOIMNANE LTz, bT AT FE A ETe BRGNS ERE LT E
DHIIMNLIR 6 53 FD D LD 253 F DT VN B ANLDMFAE LTz,

Fig. 3.5b ® ORTEP KIZ/RT L 912, BUKMEIEMNFET D/ (Fkfa) TR+ KA+
DNS L BUKEDEWE GRE) TIRIRFEAIRF 2R RED -7, Fig.3.5b T, kbR
FENRF PR ENREFZ ARG, JRFENRF D NSWRFZRE TR, ZhE OO
JRF MR FDORE SO DEKATR UL, =X ) =) bk L2k (C4AC6-SC
D CHT 5 L. ZORE KRS L7ofish (C4AC6-SCID TIHFF 22K 113
HELSRED oo, RERFFEMAF 27T &1F, 93 K THZ DR ANEDENNK
TN EaRLTERY @RFNEIAN) . R TIE IS O F-E5 OEB D 5 <

RHTEERELTWVD,
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3.2.3 MHEMWT VR oY U FERORIHER & IREIFEIR OBMR
3331 TYRUBUBEEOR RO
REREOAED—SDER L BN DT VXV U FHKOS THEEDZ R A 5 )
2T 572IT, C4AC6 & MRS F7p D WML T ' X B o & W26 OIREVFEELO
H M & 4 L 7=, 4-[4-(4-n-butylphenylazo)phenoxy]butanoic acid ( C4AC4) . 6-[4-(4-
ethylphenylazo)phenoxy]hexanoic acid (C2AC6) , 6-[4-(4-n-hexylphenylazo)phenoxy]hexanoic acid
( C6AC6 ) . 8-[4-(4-ethylphenylazo)phenoxyloctanoic acid ( C2AC8 ) . 8-[4-(4-n-
butylphenylazo)phenoxy]octanoic acid (C4AC8) (Fig. 3.1) AL, ZiLH D5 F&HNT
FRAER B  © O Ot 2 I U7, & LRSS T CORBI S O F 4 2 B8l

BIZE VMR L, ZOREHEZ Table 3.3 12F &7z,

Table 3.3 Molecular structure dependence of self-oscillation using azobenzene derivatives.

Azobenzene . mechanical
L formation of crystal I
derivative oscillation
C4AC4 formed not observed
C2AC6 formed observed
C6AC6 formed not observed
C2AC8 formed not observed
C4ACS formed not observed

C2AC6 # WIZHAITIE 7 2 U A— FALOME W HRES S 2 B S 7= (Fig. 3.9a) .
Z OREERICH BN E R 5 & B B MRS &2 B U 7o, IRENR I IONRE F To 1A

RN FTOIEE TH - 7= (Fig. 3.9b),
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Time

Figure 3.9 (a) Micrograph of crystals of C2AC6 recrystallized from a buffered aqueous
solution. (b) Sequential micrographs of a self-oscillation of a crystal composed of C2AC6

under blue-light irradiation.
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C4AC4 TlE, £ %100 pm OFMEWVBKFS A B S 7 (Fig. 3.10), C6AC6 Tl
& 10 pm BRORLRFE S BIZ SN2 (Fig. 3.11), C2AC8 Tid, Rk 5 um LLFORLR DSy
TFHEAKRIEER SN (Fig. 3.12), C4AC8 TiL., £ & 10 pm FEORLREE SR S iz

(Fig.3.13), 24U 5 OFEMEKIER D> Ffkdh L7z C4AC4, C6AC6, CAACS fififhIZH K 435

nm OFENEZRE LTH, WINoBE bibsI3EinesroT,

C4AC4

Figure 3.10 Micrograph of crystals of C4AC4 recrystallized from a buffered aqueous solution.

58



Figure 3.12 Micrograph of crystals of C2AC8 recrystallized from a buffered aqueous solution.

59



Figure 3.13 Micrograph of crystals of C4AC8 recrystallized from a buffered aqueous solution.

FEAE KRR D Fftifh L7z C2AC6, C4AC4, CO6ACS fifi it > X MRIEIHTHIE DFER 4 | 3.3.1
T ~_72 B EMEEI & BT 5 C4AC6 FifhOFER & & 11T Fig. 3.14 & Table 3.4 12",
PRE) L7= C2AC6 fifidh D b /Ma{ldD C4AC6 [T B — 2 @ d-spacing 1% 1.3 nm THH, =
OEIIREE R EIR D D G S L72 C4AC6 fEdh (3.3.2 Hizl) OENLTOREITH-
7o IRENBIZE SN o 72 C4ACH FEdh. C6AC6 Ffh D& b/NMAMIDEIHTE—2 D d-
spacing [ NZ4 2.9 nm, 0.81 nm TH o7z, T DD X MREPr ¥ — 1 C4AC6 Ffidh

(C4AC6-SCT) D X #EIHT /% — > DEIHTA & OILMENR B S Ze o1,
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C4ACe

‘,1 ,l Lﬁ..l, “ﬂJ |

Intensity (a.u.)

20 / degree
Figure 3.14 XRD patterns of crystals of C2AC6, C4AC4, C4AC6, C6AC6 recrystallized from

a buffered aqueous solution.

Table 3.4 Relationship between side chain lengths and d-spacing values calculated from

XRD results for single component of CmACn.

m\.n* 4 6 8
2 - 1.3nm (26 =6.97°) -
)2.9nm (26 = 3.06°) ) 4.7 nm (26 =1.91°)
ii) 2.1 nm (26 = 4.30°)
4 iii) 2.0 nm (26 = 4.51°) ii) 3.9 nm (26 = 2.28°) -
iv) 1.6 nm (26 = 5.62°) iii) 1.4 nm (26 = 6.48°)
6 - 0.81 nm (26 = 10.9°) -

Polymorphisms are indicated by Roman numerals.

*m and n indicate the number of carbon chains of the following structural formula.

o
0
/@/ JOH
o o
m-1_ CmACn
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3332 TIURUCBUBEE-RIBROREES

BT, ST Y RUBUHER e O RSIRNIEEZIREG L CGREL L £ 4 KOS
FUEORELRAE LTz, 7Y R B FEk e REIRNIEE 4.6 DE/NLHLTIRS L. EEK
AR CREIEZFIR L 7=, 7272 L, 1000CE TOMENIIT> TV, ESIENBRITA LA
VR, =T AU, SV LA VR AT T R, SV FUE VW (Fig.3.1),
TN BFHERE LT C4AC6 MW oA OfERIT, 2 B LOWE (3.3.3.3 i) 12
Fi L7z, IREVEBLOA MBI IBAMEIEIZRIC L V B L7z, C6AC6 I[Z oW\ Tk, A LA -
ATT VU VO 2 FERE LTz 3 O OBREIEEL LA L, 8T C6AC6, A LA
VR, AT TV UEEE 433 OFNTIRA L TITo 72, fE$% Table3.5 & Fig.3.15-3.19
T, TNHD I L, C4ACE &AL A U, BT C4ACH &L 3 b LA UBEDIRE Kb
IZOWTIE, HIRIZTE DD WIERRTER STz, 209 b, IREINBIZE 172 C4AC4
LV b bA Ul (FEIAZEE 3:7) DIREHEARIC OV T, HPLC THEZ 34T L. C4AC4

oL N LA VEEDOEILED 170:1 ERFE 77,

62



Table 3.5 Molecular structure dependence of self-oscillation.

Azob_enz_ene fatty acid formation of crystal mec_han_ical
derivative oscillation
C4ACA oleic acid formed not observed
CAACA elaidic acid formed not observed
CAACA4 palmitoleic acid formed observed
CAACA stearic acid formed not observed
CAACA4 palmitic acid formed observed
C2AC6 oleic acid formed not observed
C2AC6 elaidic acid formed not observed
C2AC6 palmitoleic acid formed not observed
C2AC6 stearic acid formed not observed
C2AC6 palmitic acid formed not observed
C6ACH oleic acid formed not observed
C6ACH elaidic acid formed not observed
C6ACH palmitoleic acid formed not observed
C6AC6 stearic acid formed not observed
CG6ACE palmitic acid formed not observed
C6AC6 oleic acid, stearic acid formed observed
C2ACS oleic acid not formed not observed
C2ACS elaidic acid formed not observed
C2ACS palmitoleic acid formed not observed
C2ACS stearic acid formed not observed
C2ACS palmitic acid formed not observed
C4ACS oleic acid not formed not observed
C4ACS elaidic acid formed not observed
C4ACS8 palmitoleic acid formed not observed
C4ACS stearic acid formed not observed
C4ACS8 palmitic acid formed not observed
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C4AC4 + palmitoleic acid C4AC4 + stearic acid

Figure 3.15 Micrographs of crystals composed of C4AC4 and various fatty acids

(bar =50 uym).
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C2AC6 + elaidic acid C2AC6 + oleic acid

Figure 3.16 Micrographs of crystals composed of C2AC6 and various fatty acids

(bar =50 uym).
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C2ACS8 + elaidic acid

-14;"':’“:‘ - b !
a“‘;kl" S

C2ACS8 + stearic acid C2ACS8 + palmitic acid
. ; ) NG AR S,

Figure 3.17 Micrographs of crystals composed of C2AC8 and various fatty acids

(bar =50 um).
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C4ACS8 + elaidic acid C4ACS8 + palmitoleic acid

C4ACS8 + palmitic acid C4ACS8 + stearic acid

Figure 3.18 Micrographs of crystals composed of C4AC8 and various fatty acids

(bar =50 pym).
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C6AC6 + elaidic acid ) - C6AC6 + oleic acid

Figure 3.19 Micrographs of crystals composed of C6AC6 and various fatty acids

(bar =50 um).
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CAACHA Z E TR TIX S W T IO RENR & AW 72556 T b s Mo 8l g S 47z (Fig. 3.15),
INbDH L, NI FLA U LEDEAHEB IOV F UL DIRERMICIBNT
BENBIER SN, 7OV M UA VBB EIRA LIZSEICIE, 7 A7 RepvE <, Bansy
72U A— MVOMIE WK STER S, FOEE BT & SRS T2 X
RIRENE | MR VR S NE T D IREIBIZ S vl (Fig.3.20), — 4T, & 365 nm DR
I BBE U7 SIS EE L, SV F Ui L IRA LA, Bl 234k 100 um
DOIBEVCRAE S ATER S AL, H BRI L0 R IRE Bl S h i,

EEENTIZ L D . C4ACH-/NV 2 b LA UIRIR G sh DIREY ORFU A A Lz, IRENESH)
DENE]E 500 fps D/ fRAE THERE L7-, IR 435 nm 3B L OYE R 470 nm O JEFRS T T O HRE)
DM~ 1 7 7 A V% Fig. 3.21 lZR" T, C4AC4A-V 2 b LA VERIRATE S OREE O A HIT
ARRANIT oD o Tz, REEE IR P - <V ETRRE T 2t & I VB R 7 —1T
BTN LT 2R A2 A LT\, £ RIRITOE RS R ofEIc Lo TRk L7z, &

OIZIREIOE X, REEIEICKSF L= (Fig. 3.21b),

a) Waving oscillation of the edge b) Waving oscillation of the entire crystal

_

Figure 3.20 Sequential micrographs of self-oscillation of crystals composed of C4AC4 and

palmitoleic acid under blue-light irradiation.
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a) Ay =435 nm

m i

Intensity

0 1
Time /s

Figure 3.21 Time profile of mechanical oscillation of a crystal composed of C4AC4 and

palmitoleic acid a) under 435-nm light and b) under 470-nm light.

C2AC6 52 TH SHENTNOMRIEEZ HW =546 T b ik BlE2 S vz (Fig. 3.16) .
LU, Bl Z & £ & ZIIRBINBIE S - b oo, B RS L CGRE L-HEA

W2, WO RICBW T HIRENIERE I 2o T2,
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C2AC8 # WA T, A LA UEEE W & ST EAER ST, v 7 e
Irolz, —FH. ZOMONENRE S IRE LI-GE I3RS Blig s (Fig.3.17), 2o o
FEmICHEONRN 21T/ L 2 A, RENIBIZE SN T,

C4AC8 Z W58 Tld, A LA VERAE Wz & SRR ST, v 7 vk
R LTz, —J7 . ZOMOIENEEEZIRS LI2Ga I idfmaBlie s e (Fig. 3.18), Wit
DOtz BN T IRENIBIE I N R Do T,

C6AC6 Z AW o2k, 5 FDMENMZ MWz 2 i Rogya L, LA V- AT
T U UBEERA LIZ 3 N ROEADTRTT, s saniz (Fig.3.19), A LA VR
FIFT VI PuA UEAWE 2 G RE, LA IR AT TV RO 2 A ISR
B L7 3 o ROyEITIE, B 50 um 2, JEE 1 pm FRO AR - TEHCRAEH TR S h
Too TERIZT AT MEEDMEWASAR TH o 72, 2O OFERICH BRRK 2k 5 L3558
WEf 2 % 7= 4%, 22n, $23 U ORI A S CRETT 28 X Bl S hiz (Fig.3.22), &6
2 A VA VB AT T U UERD 3 IR ARRD O b AN EORRIZ RN T, i
LE)E L TDIIRICE 28 & 24k 0 IR TRENES) @I < /- (Fig. 3.23), £ DAt B

AW A IITIRENIBE S N T,
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b)

w

B 1.0;

c

e

D2

M (0.5;

o

N

£ 0.0]

o T T
Z 0 10 20

Time / sec

Figure 3.22 (a) Morphological transition of a crystal composed of C6AC6 and oleic acid,
under blue-light irradiation (Air = 435 nm). (b) Time profile of the transition, drawn using

brightness of the figures as indicator.

Time

Figure 3.23 Sequential micrographs for oscillation of a crystal composed of C6ACS6, oleic

acid and stearic acid under the irradiation of 435-nm light.
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IRENEE ZFEHL L 72 C4AC4-/ VX b LA UIRIEETR I LT C2AC6-F LA U IRIRE
fiifit, COACO-A L A RIRA K Gh D X MRIEHTIE DR R E ZNZNDT VNP o ahEk
B — Ry Ofb L & Hel L C Fig. 3.24 & Table 3.6 (27”7,

C4AC4-/SV X b LA VERIR GRS (RLARHE: 170:1) TiE, /IMASEIIZTI VW E— 27 28 20=
4.05°, FRVE—Z 23 20=4.5°1ZBI &7, C4ACH DHOFETTO X MREFTHERTH, 20
=45°O =27 [ FFHNVRP L BB SN TE Y | RO ER D BB L T - AlEE
PR 2D, C4AC4-7 VLI b LA VEEREEIC OV TR, BRI H T ARy BT U —
AAVTZ3RB 2 - C L /M X R ETEEE T ORI BT o 72, BEATCOFHIITIZ20 =2.91°
L 446 I — 7 BEIIS L7z (Fig. 3.25a) . — 7. IR 435nm O F ARG T COFHIT
1320=291° OE—7 BHEINTNS ooz bDo, SBHEFTEF UL, 2.91° & 4.46°
W — 7 BBl S L7z (Fig.3.25b), BRI FIZB W TR SIS & b 877 fk
ARSI SR 2 7 3B S e o 7,

C2AC6-4 L A VBRAHET TIX, 20=1.85°, 3.65°, 5.5°, 7.3°, 124°\C[E#T&°— 7 348
P& N7, IRENEE) 25 L 7= C2AC6 DA DGR T, ik b/ MR E— 2713 26=7.05°
TH Y., C2AC6-A L A VERIEAHEM & C2AC6 DADFEMIL, T OEMEEN B> T
7o

C6AC6-7 L A VERIRATEMTIX, 20=2.1°, 3.8°, 9.1°IZ [\ &°— 27 MBI S 72, C6AC6
DHDFEHTIE, b/MIOEPF E—271320=10.9°TH Y, C6AC6-4 L A L EERIEA S IT
C6AC6 DB Dk, & ERIRIEN 72 D, C6AC6-7 L 1 VIR A CHIl Sz 20=2.1°
DOEIPTA X E hREN & R BL L7z C4AC6-7 L A L ERIREGRES D 1 Ik — 27 L1ZF—H L, £

72 20=9.1°OEIFAIIFE L 5kOE—27 OEFTA (9.75°) LiEhoi-,
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a) C4AC4

Crystals composed of
C4AC4 and palmitoleic acid
=
5': Crystals composed of C4AC4
:‘ﬁ
c
: |
E A
Il W I Jul A l
1 1 I 1 I I
5 10 15 20 25 30
26 / degree
b) C2AC6
Crystals composed of
';r C2AC6 and oleic acid
8
2
E Crystals composed of C2AC6
E Adl\_/‘___k
J’\-».__Tulv-]
LN L SRR L R I R JRL L AL L R
5 10 15 20 25 30
26 / degree
c) C6AC6

Crystals composed of C6AC6 and oleic acid

Crystals composed of C6AC6

Intensity (a.u.)

30

]
—
(=)
-
5]
N
o
2V
5]

20/ degree
Figure 3.24 XRD patterns of crystals recrystallized from a buffered aqueous solution. (a)
C4ACA4 (black) and its mixture with palmitoleic acid (blue), (b) C2AC6 (black) and its mixture

with oleic acid (blue), (c) C6AC6 (black) and its mixture with palmitoleic acid (blue).
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Table 3.6 Relationship between d-spacing of the crystals composed of azobenzene
derivatives and palmitoleic acid (red) or oleic acid (blue) and side chain length obtained from

XRD.
m\.n* 4 6 8

2 - 4.8 nm (26 = 1.85°) -

i) 2.1 nm (26 = 4.05°)
4 4.7 nm (26 = 2.10°) -
ii) 2.0 nm (26 = 4.50°)

6 —~ 4.7 nm (26 = 2.10°) —~

Polymorphisms are indicated by Roman numerals.

*m and n indicate the number of carbon chains of the following structural formula.

0
f’}j\
Ns |/©’ n-1>H
o
Hm-'l: CmACn
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a) as synth. (in the dark)

5
s
2
]
o
E]
IS
A _
1 1 1 1 1 1 1
1 2 3 4 5 6 7 8
26/ degree

b) under 435-nm light irradiation

Intensity (a.u.)

1 2 3 4 5 6 7 8
26/ degree

Figure 3.25 In-situ SAXRD fringe images and profiles of mixed crystal of C4AC4 and

palmitoleic acid a) measured in the dark and b) under 435-nm light irradiation.
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33.3.3 C4AC6-F LA VEE-R T TV VRO 3 RS S

C4AC6 L A LA VRRIZAT TV VERE AT 3 B IRA S S O ERESE & IREh ORF % %
A L7z, C4AC6 LA LA g, AT 7 U Vg% 4:3:3 OE/NMLTRS L, BEEKERT T
fhma s L7z, 7272 L. 100°CE TOMEYIIT > T, 5o/l ORAkIE HPLC
\Z X D075 C4AC6 73 56%, AL A VEEDS 18%., A7 T U U EEDS 26% T & - 7= (Fig. 3.26
B LW Table 3.7), 15 HALIZhEd D X #REIHT/S ¥ — 2 % Fig. 3.27 \Z-7, /MAANZ C4AC6-
FUA VD 2 IRERLD b, OXNAMNC T m— R —27 73 3 DBl S, 1R,
3, SO —7 LIRB STz, £7- C4AC6-A LA V-2 T T U UERD 3 fAyIRA T b

HCIE 455 nm O F YRR % O Y EMALERIT trans R 97.3%, cis 1KH3 2.7% T o - 7= (Fig.

3.28),
300
> 500 CA4AC6-trans
E -
= N
2
@
©
£ 100 - o
- o " stearic acid
oleic aci \
0 A A J L _LW A—
! I ! I ! 1
0 5 10 15

Retention Time / min

Figure 3.26 HPLC chart of crystal composed of C4AC6 and oleic acid recorded using ELS
detector. An octadecylsilane column was used. The eluent was a 9:1 mixed solution of

methanol and 0.05% TFA aqueous solution.

Table 3.7 Component of crystal composed of C4AC6 and oleic acid.

stearic acid oleic acid C4AC6
preparation molar ratios 30 % 30 % 40 %
actual component molar ratios 26 % 18 % 56 %
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12000+ < Crystals composed of C4AC6 and oleic acid

S 9000
8
%‘ ] Crystals composed of C4ACS, oleic acid and stearic acid
$ 6000+
£
3000 -
é . ) ) ) 1'0
26 / degree

Figure 3.27 XRD patterns of crystals composed of C4AC6, oleic acid and stearic acid (black),

and composed of C4AC6 and oleic acid (red).

trans 97.3%

1.0 4 Y4
)
S
> 0.5 4
a
"Cl_.')
c
- cis 2.7%
\Y|
0.0 A J L
' 1 ' 1 ' 1
0 5 10 15

Retention Time / min

Figure 3.28 Chromatograph of crystal composed of C4AC6, and oleic acid and stearic acid
under 455-nm LED light irradiation. HPLC chart were recorded using UV detector (monitored
at 306 nm, an isosbestic point of C4AC6-trans and cis). An octadecylsilane column was used.

The eluent was a 9:1 mixed solution of methanol and 0.05% TFA aqueous solution.
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B ORI 10 pm OHRSC, BRFERITE W= U R AROEETH ~ 72, ek
WCH BT L MR OE#S 2B Lz, VAR SICEEE BT 2% Ef55E0

TR AF L= 2 BB o IR Bl sz (Fig. 3.29),

Figure 3.29 A cycle of self-oscillation of a three-component crystal composed of C4ACS6,

oleic acid and stearic acid, under blue-light irradiation.

JE AR R ) 2o FE B L 7 BCIRAS S 1S DV CEEBN OB BT 217 > 72, R 435 nm, & 32
mW/em? DIREHIC L V&L NZIREI O 7 1 7 7 A L% Fig. 3.30a (2" $, Z ORI
WAEHE | RET 80 Hz Thoto, ZOREE CIRET 2 Rtk ot ol S h
720 B 21 Fig. 3.30b (278 L7 RENEENL 35 Hz Th o 72, 26 OEEEIIFREOKE & -
FIRED R B F D C4AC6-4 LA VIRIRAHES (O 2 %) OIRENML L it LT, & 10 1%

REW,
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Figure 3.30 Time profiles of the oscillation of plate shape crystals composed of C4AC6, oleic

acid and stearic acid. (a) Profile of a crystal which showed 80-Hz bending-unbending

oscillation. (b) Profile of a crystal which showed 35-Hz bending-unbending oscillation.
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33 ER
3.31 EWRENT 2HEREICH T 2 IRERROME

B EREEE) IR 2R S L2 WS TR L7z C4AC6 DOFfEEHICB W T H BRI S
Izo $725H, REIOFEFUZIB W TR A RIZSHETITZR, —J7, C4AC6 DA TDR
fldBREC T, RIRZ 100CTRE £ C LA ST MERH D Z &, BIOREZ RS RWEE
DN Z AL D Z &b, TRIRRITA SRR Z DM & 0RE 2 Rz L TnD &
EZ NS, BAKREEIEDS LW HIBEIOMIZ, 7 X B U ko BBk R R R
DI Y Th D, RIS, ZDMDT V) XUV UiFERE V- & & IR O A X
T ORI EE 5 2 TNWbHEFEZBILD,

I HIZ C4AC4 TlE, RFEE 16 THDH/ VLI ML A VR VI F UBORE SN
TOHREET DRERDPTERL S, C4ACH L W #HEDFEV C6AC6 TiE, RFEHM 18 D
FLA L AT T ) VBREIRG LTS EIIRE T omB R S - 2 Lans | BN
Bt LT R R EEROMRH R R S ORI IRE T OB A AT 58T

A—HIZH7e o> TND I ERNbnD,

3.3.2 RENDOFRR L EBEED DR

NENEE DT « REDZEILH DHH DD, C4AC6, C4AC4, C2AC6, C6AC6 % M\ =ikl
TRBAZ BT 52 ENbrolz, 2o DIREIZRBLT DR5IT X MEWTT — X 125D
WT, FEROERY (@) N4TamBEOLD L, ZOHGLTOH DD 2 SOHEMIZ/ T
5% (Table3.8), Aii# % Classl, $4# % Class Il & 41T %, ClassTIZ/FE S AL DG IE.
C4AC6 ffiiti, C4AC6-A L A VBRI, C4AC6-F L A V- AT 7 U U ERIRA A dh
COAC6-F L A -2 77 ) VERIRGHER T D, Class I IZHFH SN HHEERIT, C2AC6 fi&

i, C4AC4-/L I b LA UIBRIRARER., CA4ACA- LI T UBIRARERTH D,
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Table 3.8 Classification of the crystals which show self-oscillation behaviors.

Class | Class Il
Components C4AC6 C2AC6
C4ACé6-oleic-acid C4AC4-palmitoleic acid

C4ACé6-oleic acid-stearic acid C4AC4-palmitic acid

C6AC6-oleic acid-stearic acid

d-spacing around 4.7 nm less than half of that of Class |

Type of oscillation Bending-unbending motion Waving motion

3.3.2.1 Class I DK%

Class] D—>Td % C4AC6 HL—F s fkdh (C4AC6-SCII) DZERIFEIL P1 ThH v | ML
6 DD C4AC6 NTFAE LT= (Fig.3.6), 2D Z Lid., Z O NEME RSS2 o2 L %
R, Z D C4ACH i (C4AC6-SCID) TlE, =% / — /L) b fffifin L 72 C4AC6 i (C4AC6-
SCID &, B FDJRFENNRE < Ko FOBUKMHER S D3RR U T8 O 220K
FIFFE LS KRED o7 (Fig.3.5), — . BUKMEEALOZWGETIL, B R % R Lo
IRFBREERLANRF VI L =T VDT ER A B, BUKPEDOE S K0 bR 241
WA NE D oTe, FRAEMREA DR EOCBKIETRIC, M 6 31D H 2 3FD7
SRR L A N T U ABED T F VIR LT, T Y R ORI
DD OE)E O SCHREICEE S AL, EVR S T T rrans (K025 cis RA~D G
LT L7 2 ERHE STV D, EER iR THRFEME SN SnTF ) —ih»
bl An L7z C4AC6 ftidh (C4AC6-SCD) IFHFENAZME L TH, IREZRI L eh o7z,
TR KV B S L72 C4AC6 #Edh (C4AC6-SC 1) A B YEIRHHC L 0 IR < T
B e R TE 2 Ld, ST ICEZ O D WES 2RO LHEl SN D, RN T

DR EWVBRAKMEIEDNEFE L7230 05, T OFESEIN TONBRMEALDO KRS 7> T D L HE
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gHanb,

IR OFBE KR > S Bk Sh L7- C4AC6 fith (C4AC6-SC II) & C4AC6-4 L 1 L RIRE

%

Afitith. C4AC6-F L A V-2 T 7 U U IRIEEAERIE d-spacing 23V 41 H 4.7 nm &L
Tz, EHIT C4AC6 fdh (C4AC6-SCID) D HLAE AL X AREITHE RN S HEAE I HHEK X
FRET O EREIT E— 27 ORZ— 03, TR, 2R, 3R, 5IROE—7 358< . C4AC6-4
LA VERIRATERR L C4AC6-F LA V-2 T T VU VERIRA RS TRl SN mmik o X
BRETNZ — 2 & L —FH LT, 2hb 3FEEOMMIT. Wb HFaLE ™ Tl
L7z BB O BRIFIRE 2R LTz, 26D Z &0vh, C4ACS6 ftidh (C4AC6-SC 1) DIRHE)
& CA4AC6-A L A UEEIRAHE T, C4AC6-F LA VEE-AT TV VIR AFESIZ AL L
TR LIS WTIRENEH 2 BB L T\ D L EX HLD,

DFORMEZIZ KV R A AT 2BRIZB W T, fhdh DETEERI & fhdbsNE D E
WZBERT 2 Z R HE SN TN D, 455051 Class I Offidn OIREMERIT VT b BRI Th
D BEARACIE 2 BB S T, RN ZRAME A b OBCIR RS S CI il & R A 4 1 ik
FIER () 2R, L0 EMERIE, Bl IXIEAL BV U AU RFERIZE D £< D
BERE 2 FpoiESE) (LB MERY) 278 L7z, Class 1 OfEfEOIRBIBLRIZEHB N TH | FMEDEVD,
JE AR & Z BRI D B 72 HIREWER A R LR E B2 6N D, 202 &, HphRENT &
Y kR E) < D71 2 filE 9 S 7o O12iE, PR d K OERIEE ORI O 2 T2 < | Ak
TEDHIE &N D 53 F L b~ 7 a2 D P ERE OG- fllALETH D Z & 2R
LTW5%,

Fig. 3.28 IR L7 L 912, C4AC6-F LA U lE-AT 7 U U IRIRAfEfnlX C4AC6-7F L A
FRIR AR L VA 10 f5RE RIREV CRdiRE 2 3Bl L 72, C4AC6-A L A IR G bh
LR C4AC6-F LA V-2 T T Y URRIRAREGR D X BRI S Z — TR E— 7 A
BN AEIXEL L T D b 00, B E—27 OENRE L 77— RZzo T\, Ziuk

fEETICAT T U VBB EEND 2 LIZHY . S FORSINEN TS Z & 2mnd & b
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ND. ZORETIT VR0 FHEEBENRES 2D Z L1080 7Y XU U FERD R
PR Z VT < 72b & THEND, SHIT C4AC6-F LA V-2 T T U VERIRA TG b
HCIXHE IR D C4AC6 D cis IKDOEIGIL 2.7%TH Y . C4AC6-F L 1 LV ERIRA Fkh

TCOME3.5% L e /INSinoTe, ZORERING CAACe-F LA V-2 T 7 1) VIR A
e MR T 2 7o IR cis (ROEIEDOBHEN NS <> TVD L L FRAEETH 5,
Z D2 ODEFENEHIREN Z AIRRIC L2 D Tl EHELZ S D, Class] OfEdL T,

IR DIREIZ LV IREN O SR 1 AN DO L BREME 72 & ORI A HIE T & 2 ARt R S

i,

3.3.2.2  Class I D55

Class II O, HEGAVEWT VX NVEHEFFOT Y N8B UFERE FvW & TR
STz, E 72 Class I O HGEAREEMT TR L TR b DD, Class I ORJEH] (d) 1% Class
[ DY TOREETH -T2, C2AC6, C4ACE Dy FRIF2mm BETHL Z & LR
VRN ZBEREER L TS 2L aE XD L RAMIAICK LT, IR E VTR
FILTWDEBZBND, ZAUTREGO c filidrm (REW ) ITIEEATICHF25051 L
TV % Class I & DEAZE RIEEDENTH D,

Class I1 13T BRI O EEES 275 L, Class T OB MR FERIEA) OIREY & RN R -
Too 727120, F£72Fig.321allrm Lz X 912, ClassI O—2>Tdh5H C4AC4-/ LI LA
FRIR i OIRBY ORI 7" 1 7 7 A VD3 IR KOV —E TIERW b DD A
DoV ERRET 2lFEL . BIVBAT— A TRRITBRE T SR e A Lz L
W) RIZEBWT, Class] Th D C4AC6-4 L A L ERIRG R OIRE ORI~ 7 7 7 A v &
PILTWD, ZDZ &N ClassIl OWEFTOEE S | FEdH O TlE SRS &

DEEMEACROE DT BV | OEENC L > TIREINBEI L T\ 5 EBbitd, ZOR5ED

HATES COEBMNE/R A Z L CIRITBROERT— N> TBEIN-OTIE AW
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% 9 73, — 77 7C Fig. 3.25b (278 L7z C4AC4-73L b LA U ERIRAFE S O JEIRET T T SAXRD
WIE T, FHERRB I 5 Bz A O RHT ' — 7 BSER S NLe o 7o 2 L b | ffh DR
PR N & TOZRWATREME B8 D, T O%E ., MR L I3R2R 2 IEREELER, #2130 F
LA TOTa 27 Uy 7 RS RMAL USRI EZ B2 b6 LT DH 00 E LIV,
AT OIGR Th 250 COMEHBEB A EE . TUNEERTER > TWD Z & 2PfEIC
THEOIE, 1 OO I 7z Y TIZOWNWT, v/ 7B — A XBIZE DX A LT
T A X BREHTER A RRHN TIT O Z ek bND, —F, BEDEFUICOWTEIBIED

53 FHFFEDHIFEEAT TIBR 25 Z LIZWE R D TIZRNWTES 50,
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34 fEi

ARETIE, LTINS &5 IZIRE 2 #db BRI 31T D+ DR 2B 572 L
2o ETIREBISRIL, 2 B THY L7z C4AC6-4 LA VERIEAFES DA TRILT 5 DT/
< .C4AC6 DH—F o fIZ BV T HIREIT 5 2 & W] 5N L7z, 72 C2AC6,.C4AC4,
C6AC6 %= MW itidh COIRE Z KB L, DR S NERR DTV RUB UFEREZ T
b EBRE T DM AR CE L 2 Ao Lic, IEERIE, 1) IRERSMOIEA S, 2) FE
DAEALE T ITRE bR~ 52 218|285 LHEE LT,

HIZHMRENT 285 A . MR X BMETIA LGOI EMOEEY (@) NEK 47
nm O % Class I, 2.0 nm LR &MWL % Class 1T & ARG TIEABE L7z, Class 1 Of
pi CIEF AR B P Class IT Tl & 0 i & 72T B OIREIE— RABIHI S 4L, 75
pa DR ORE S LIREIOH G ITHERH D Z &2 i Lz,

Class 11213 C4AC6 F 7213 C6AC6 % ZLefbih S & 7z, CA4AC6 DIRNIINEZ & £ 72\ ik
i (C4AC6-SCII) (TOWVTIE, Hiffdh X MMEEMATIC R LT, 15 7ot d i 35
EARAPN S EWEEDNDE L JRFEMEFARE SO TR LNV EBbhd
JERAZRATHR Y R LT R R Th o7z, T DR S DPWEDNIERMIELSOR OHEITT 5
PSS Lle > T D EHESIND, ETLZOFRLNNEZZDLNDLHEITIT, C4AC6 771D
BRI Z SEE > TV, o WE L FEWEABRRIMICERM L /A Tho 2 &
2. BHEMREZRBT 2 RERERLZZ BN D,

IO DORERIRICEE R THEDRE DO — 22BN LT b DD, TV FLVEHE
DMEDNZZALT D ERENT D REE TR LR o T R0, BRI L FETHh > Th
WE) L 22 WS TR TR LT RN D L IREN T DM G DB RIE ) FAEECBRERIC L T
BUETH Y, ZORFEFHET TR BRMEORGHEHENTE 2 X0 RH8END
2,

F /- IREIT 5 C4AC6 Fhih (C4AC6-SCT) D HLFE ML X RIS N LB I N A KK X

86



BB O @mKRBI E—27 DR Z— & IREIT 5 C4AC6-7 L A RIR G C4AC6-7
VA VER-AT T CEBIR G RS TRl S e mk o X RRET N Z — U KK —E L Tne
Tl BIOING 3 HORESEL LB e BRI ORE 2 R LT 2 D,
C4AC6 #itiflh (C4AC6-SCI) DIRE) & C4AC6-A L A U ERIRA T, C4AC6-F L A L - A
T TV UERIRARE X AR U 7B R DWW CHRBEE -5 L HEE L7, 72 Class
I DB OIREN L, #EdhOIMBITAT L TR 2 X 5122 2180 L 0 MR LB

OB ZFHBL L7722 &6 BEMRENC X RS2 8 < i &2 6l 3 2 72 012i%, 57
& - G ORGHOHIE 2T TR WO OMRE L LETHD LB b,

Class II (21X C2AC6 F7213 C4AC4 Z G Lot N E E7c, T D DOfEdIE Class 1 Dl
fh &R T, BERMEDOEVWE AT HZ L2 R L, Classll OfEfIL, HWT ¥
WEA LB T Y RO UHEA NSRS T WD, & SICHERORES M
R LTHFRRESBNTERMLTND LEX HND, Class I ITEFT B OIRE)ER) 2
AU, Class I QBB (EIZHER) oS & RN R 572, Class I TiX, 7 /LF LEHD
RS2ELS T 20 FHEORGT B IO fsO RN D57 OB E EE ORG,
Class I &3R5 EHNQEIT— F2EBR LB TND

AWFFE Tl Class I OIRBIEROFEMAH ST D2 L AR L, EHIZE Class T &1
RETE LARENE — F23 5872 % Class T OREN A FHL L7, 4 1&I13 Class I1IZ DWW T i AIE 5
Difgam RO D Z & T, AW TIT > T MR ORI, i~ o8&~ nl)

FHEFICEWT D HIEROERIZOBRNR L b D LTSN D,
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A

AT ) UL (FIERS), =T AP0k FOGMETIE), I LA U

J

(NU-CHEK PREK), A7 7 U g (MiEfb=), ~AIF o (WiEfks) ., I U AF
R LR LE) BIOT Y RUP UFHEARO SR W3R - AHEE L, dilkian 28
BEPEHA LTz, 7Y R B UBERITI 2 ZETAERLEZLD, BLOBRO FIETEM L

YDA, =X ) — )L B RS L THWE,

Bk
4-ethyl-4'-hydroxyazobenzene (2) O&RX

4-ethylaniline (2.04 g, 16.8 mmol)IZ7K 24.5 mL 35 XL ONEHEFE 5.5 mL #01 %, Z 212K
TR LA SHEMEET R Y A (1.17g, 16 mmol) D/KIAHK 1.8mL 2 F L=, ZDRA
Iz, 7=/ —/(1.58 g, 16.8 mmol), /KEE{kF VU 7 4(0.678 g, 16.8 mmol), [REEKFET K
Ui (635g,75.6mmol), %7K (85mL) IZIEMEL72ikZ D ->< U & F L7, BRI
FRU 74, WRIEEE 21 mL CHORI L, AE U7 PR A UE N L, KT L7z, £3H a7z E iR

AT S, AN & U TR EBREIR 335 g (IR 88%) &5/,

'H-NMR $§ (270 MHz, CDCls): 1.28 (t, J = 7.6 Hz, 3H), 2.73 (q, J = 7.6 Hz, 2H), 5.06 (s, 1H), 6.94

(d, J= 8.9 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 8.9 Hz, 2H).

6-n-hexyl-4’-hydroxyazobenzene (3) D&
4-n-hexylaniline (0.355 g, 2.0 mmol)(Z /K 6.25 mL 35 X OVEHER 0.75 mL 21z, Z 212Kk
G L2 S HREEE T R Y 7 & (0.14 g, 20 mmol) D/KIEHR 021 mL Zii F L7z, =D

REWRIZ, 7 =/ —/1(0.188 g,2.0 mmol), /KEE{t.7 ~ U 7 2(0.94 g, 2.0 mmol), [REEKFET
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FU T (0.765 g, 9.0 mmol) Z/K (9 mL) TR LT-iE A D> D T LIz, 4 KEER
U7, JRIERE 025 mL TR L, A U7 ibEe 2 WU EIEE L, KT Lz, 507

R S, HARD L L TRAERR 0.514g (IR 91%) E157,

'H-NMR § (270 MHz, CDCls): 0.89 (t, J = 7.3 Hz, 3H), 1.21-1.73 (m, 8H), 2.68 (t, J = 7.6 Hz, 2H),
5.06 (s, 1H), 6.94 (d, J= 8.9 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.87 (d, J =

8.9 Hz, 2H).

4-[4-(4-n-butylphenylazo)phenoxy]butanoic acid ethyl ester (C4AC4EE) D& R
1(1.27 g, 5.0 mmol), n-bromobutanoic acid ethyl ester (1.11 g, 5.5 mmol) X OUREET U ¥
5(1.38 g, 10 mmol)&, 7 & b 15 mL IS L, —BNBEREZIT 7=, |RIEFE THAG L
. CE 2R CERY BrE | WA E LT, BT LA INZ, KT L, fEET
FU DA TS, WIEREOR, BIERRZITO, HAERY 324 21572, ~F ¥

5 AR ATV, REOREL O C4AC4EE 1.38 ¢ (IR 76%) % 1537=,

'H-NMR § (270 MHz, CDCL3): 0.94 (t, J = 7.3 Hz, 3H), 1.27 (t, J = 7.3 Hz, 3H), 1.38 (sxt, J = 7.6
Hz, 2H), 1.64 (quin, J = 7.6 Hz, 2H), 2.15 (quin, J = 6.7 Hz, 2H), 2.55 (t, J = 7.6 Hz, 2H), 2.68 (t, J
= 7.6 Hz, 2H), 4.10 (t, J = 6.1 Hz, 2H), 4.16 (q, J = 7.3 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H), 7.31 (d, J

= 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

4-[4-(4-n-butylphenylazo)phenoxy]butanoic acid (C4AC4) D&
C4AC4EE (1.09 g, 3 mmol), =4 / —/L 20 mL i&#&IZ. KER{LA U 7 2 (1.87 g, 36 mmol).,
K SmL IR ZMA ., 5 FEFMBGE R 21T > 72, |iRE THm L7-%., JBHERS 3mL, 7K 3mL

ZMAPRL, HELERZMEH L7z, BT L aiiz, KTHEL, kT ) 7L T
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B SET, W B OB WIEGRAEITV., AL DEaEIK0.849g #157-, Zhiax¥ ) —

VTHRERZITO. AL DO O C4AC4 0.566 g (IR 55%) Z1%7-,

'H-NMR § (270 MHz, CDCL): 0.94 (t, J = 7.3 Hz, 3H), 1.38 (sxt, J = 7.6 Hz, 2H), 1.64 (quin, J =
7.6 Hz, 2H), 2.17 (quin, J = 6.6 Hz, 2H), 2.62 (t, J = 7.3 Hz, 2H), 2.68 (t, J = 7.6 Hz, 2H), 4.12 (t, J
= 5.9 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J

= 8.9 Hz, 2H), 10.43 (brs, 1H).

6-[4-(4-ethylphenylazo)phenoxy]hexanoic acid ethyl ester (C2AC6EE) D&R

2 (1.13 g, 5.0 mmol), n-bromohexanoic acid ethyl ester (1.07 g, 5.5 mmol) 3 X OVREED U ¥
(138 g, 10 mmol)&, 7 & k> 15mL(Z¥E L, —BNBGRIE 21T ->7-, | E THm L
e, WEDZTEE TR RE, W2 E LT, BT A2z, KTHEE L, WilE)
FU DA TS, WIEREOR, BIERRZITO, HAERY 1.76 g 21572, ~F ¥

D ERESR AT, FEAEIRD C2AC6EE 1.47 g (IR 80%) % 1%7=,

'H-NMR § (270 MHz, CDCLs):  1.26 (t,J= 7.1 Hz, 3H), 1.28 (t, J = 7.9 Hz, 3H), 1.49-1.91 (m, SH),
2.35 (t, J = 7.4 Hz, 2H), 2.72 (q, J = 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 4.14 (g, J = 7.1 Hz, 2H),

6.99 (d, J = 8.9 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

6-[4-(4-ethylphenylazo)phenoxy]hexanoic acid (C2AC6) DHRX

C2ACG6EE (1.15 g, 3.0 mmol), =% / —/L 20 mL {A#RIZ . /KERIL 7 U 7 A (1.87 g, 36 mmol).
K SmL AN A, 5 RERMBNR T 41T > 72, IR E THRM L7k, BRER 3mL, /K 3mL
EIMNZPAL, SELEZIEE L -, FlgoT a2z, KCHEL, Mg KU o ATHE

s Eio, W EO%, BIERRETTO, HAENKY 0984 g 21572, hazxs /) —L T
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PR EITVO, A L VEESh D C2AC6 0.894 g (ILH 87%) w457,

'H-NMR 8 (270 MHz, CDCL): 1.28 (t, J = 7.6 Hz, 3H), 1.49-1.64 (m, 2H), 1.66-1.91 (m, 4H), 2.42
(t,J = 7.4 Hz, 2H), 2.72 (q, J = 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H), 7.32
(d,J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

Anal. Calcd. for Co0H24N203: C, 70.57; H, 7.11; N, 8.23. Found: C, 70.53; H, 7.17; N, 8.19.

8-[4-(4-ethylphenylazo)phenoxy]octanoic acid ethyl ester (C2AC8EE) D& RX

2 (0.792 g, 3.5 mmol), n-bromooctanoic acid ethyl ester (1.034 g, 4.1 mmol) 35 X OVREES U
7 2(0.967 g, 7mmol) %, 7 b2 10 mL IZEEN L, —BUMBUER 21T -7z, =ik E Thls
L7cté, B Z I8 TR BrE | WIEA R E Lz, BT 2N, K THS L, g
TRV U LTS E, WIEREOR, BIERBRZ TV, HARY 0972 g 257, ~*

T UL ERREITV, k5O C2ACSEE 0.664 g (13K 48%) %137,

'H-NMR § (270 MHz, CDCL): 1.26 (t, J= 7.1 Hz, 3H), 1.28 (t, J= 7.9 Hz, 3H), 1.37-1.87 (m, 10H),
231 (t,J = 7.6 Hz, 2H), 2.72 (q, J = 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 4.14 (q, J = 7.1Hz, 2H),

6.99 (d, J = 8.9 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

8-[4-(4-ethylphenylazo)phenoxyloctanoic acid (C2AC8) D&KL

C2ACSEE (0.595 g, 1.5 mmol), =% / —/L 10 mL &I, /KER{L A U 7 2(1.0 g, 18 mmol),
K25mL ik Z2 Nz, —BRMBLETZ1T > 72, =i E THm L7k, IREE2 1.5mL, K 1.5
mL Z Nz hF L, EELE AT LT, B2z, KTHE L, gl rY oL
THRES T, W EOK, BIEREREITO, HARY 0447 ¢ 2187, Zhazx¥ /) —

JVTCHASRZITV), AL VAo C2AC80.187 g (IR 34%) #157-,
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'H-NMR § (270 MHz, CDCL): 1.28 (t, J = 7.9 Hz, 3H), 1.37-1.87 (m, 10H), 2.31 (t, /= 7.6 Hz, 2H),
2.72(q,J = 7.6 Hz, 2H), 4.04 (t, J = 6.4 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H),
7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

Anal. Caled. for CoompsN2Os: C, 71.71; H, 7.66; N, 7.60. Found: C, 71.40; H, 7.71; N, 7.54.

6-[4-(4-n-hexylphenylazo)phenoxy]hexanoic acid ethyl ester (C6AC6EE) D& &
3(0.506 g, 1.8 mmol), n-bromohexanoic acid ethyl ester (0.478 g, 3.6 mmol) 35 L UVKFED U
7 (0478 g, 3.6mmol)Z, T E R 9mLIZEEN L, —BUMEUE AT o 7o, iR E THEG
L7, L & I8 Tl bR, WAL L, B L &2 Mz, AKTHE L., ik
T RU U AT S STz, WEHEOR, BIERBR 2TV, HARY) 0.795 ¢ 21572, ~F

TN B EREREITV. AL Ul RS O C6AC6EE 0.555 ¢ (I3 73%) =157,

'H-NMR § (270 MHz, CDCL): 0.89 (t, J= 7.3 Hz, 3H), 1.24-1.90 (m, 18H), 2.37 (t, /= 7.3 Hz, 2H),
2.67 (t,J= 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 4.14 (q, J = 7.1 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H),

7.31(d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

6-[4-(4-n-hexylphenylazo)phenoxy]hexanoic acid (C6AC6) D&

C6AC6EE (0.488 g, 1.15 mmol), =4 /—/L 8 mL IFiKIZ, /KEE{bH U ™ 2(0.782 g, 13.8
mmol), 7K 2 mL ¥R & I, —BRINBGEIR 21T o 72, SR £ Thn Lo, RS 1.5mL,
AK1LSmLZMZpfL, SEamkeiEEl -, BT ez, KTE L, Mg b
U UL THES T, WEEEO%, BIERAITV., HAERY A S, ey /—L

THASmZITO, AL Vakiiho C6AC60.267 g (LR 59%) #1457~
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'H-NMR § (270 MHz, CDCL): 0.89 (t, J = 7.3 Hz, 3H), 1.16-1.98 (m, 14H), 2.42 (t, J = 7.3 Hz, 2H),
2.67 (t,J = 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H),
7.80 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

Anal. Calcd. for Co4H3:N»03: C, 72.70; H, 8.13; N, 7.06. Found: C, 72.36; H, 8.14; N, 7.05.

8-[4-(4-n-butylphenylazo)phenoxy]octanoic acid ethyl ester (C4AC8EE) D& Rk
1(0.769 g, 3.0 mmol), n-bromooctanoic acid ethyl ester (0.837 g, 3.3 mmol) 3 X OVREEA Y
7 4(0.829 g, 6.0 mmol)% ., 7 k2 15 mLIZIED L, —BRNBGRIE 21T > 72, EIEE T
m LT, B Z2iEE TR RE | Wil 2 A Lz, B~V 2x, KTHEF L, bt
fe) U DU LTRSS Y, WEEEOR, BIEREREZTV., HAERY 2.057 ¢ #8572, ~

FH MO ER TV, L D EER RS O C4AC8EE 0.932 g (IR 86%) Z15%7-,

'H-NMR § (270 MHz, CDCL): 0.94 (t, J = 7.3 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H), 1.30-1.96 (m, 16H),
231 (t,J = 7.6 Hz, 2H), 2.68 (t, J = 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 4.14 (q, J = 7.1 Hz, 2H),

6.99 (d, J = 8.9 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

8-[4-(4-n-butylphenylazo)phenoxy]octanoic acid (C4AC8) DAL

C4ACSEE (0.848 g, 2.0 mmol), = % / —/L 16 mL A& /KER{L A U 7 25(1.35 g, 24 mmol),
K3S5SmLEEZMA ., —BRNBLETR 21T > 7o, i E THRIm L7z, IRERE 2mL, /K 2mL
Az HFL, HELE 0.659 ZUfH L7z, Fik—F L2z, KTHIEL, e~ v
LCHMR ST, W ED%, BIEREZITV. e 2SR, Zhax¥ ) —)LTH

ATV, AL Ui D C4AC80.575 g (LK 73%) w457,

93



'H-NMR § (270 MHz, CDCL): 0.94 (t, J = 7.3 Hz, 3H), 1.18-1.94 (m, 14H), 2.38 (t, J = 7.3 Hz, 2H),
2.68 (t,J = 7.6 Hz, 2H), 4.05 (t, J = 6.4 Hz, 2H), 6.99 (d, J = 8.9 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H),
7.81 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.9 Hz, 2H).

Anal. Calcd. for Co4H3:N»03: C, 72.70; H, 8.13; N, 7.06. Found: C, 72.26; H, 8.13; N, 7.03.

T YRR UBHBEROE— RO ROFRGE

T RUBUFHEK (14.5umol) &, 20mL A TV AN, Z 22U UEET B U U AEE
EiX (5mL, 75 mM) E/KERbT F U U AKEK (029 mL, 50 mM) ZMNz 7z, ZDEE
HRIZXE LT S5 COIE T T 30 M OB E RS 21T o 72tk Ry 7 L— b2 W Tblg
THETIMEL T, iz 25°CIHIR FCRiE L7z, #ZEHRIL. C4AC6 Tik pH7.2. C2AC6

Tl pH7.7., C6AC6 TliE pH7.7, C4AC4 T pH7.5S DL DO ZEMH L7z,

T RBBEAENENERD 2 IR SR OB

AR )=l CHCL O 11 IRAEEZAWT, BT Y N8 38K 5.0 mg/mL K
L BFEARNIEE 5.0 mg/mL WK A EN TP LT, 207 Y RUBUFREREIKR | FE LR
HBRYAWR 1 iz, 3 mL /A T/MCHEE 7Y RUBUFREAR 2.9 pmol & ELEIENIE 4.3
umol DIRAVARZ TR L, TNAWILE F CHBETHZ LIk, IRARBZHR L, &
FEDOT VRV UBER L IERZ WD Z 8T, A 25 BOMASbEIC O N TR L
o ZZAZY VT R U U AKEETR (0.942mL, 75mM) EKER(LT YU T ARV (58 uL.
50mM) ANz, SSCOME T C 30 53 M OBER RS 2170, 8k a7, itk 25C
TEIR T CHE L7, FEMERO pH 1L, C2AC6 % H\W\ A IZ >\ TiX pHT.S, 7.7, 79 %,
ZDOMOFEHZ WL pH7.3, 7.5, 7.7 ZEA LT,

C4AC4-7L 3 LA UfiB, C2AC6-A LA B, C6AC6-H LA L RDIRAHEHIZHOVT

X RRET RN 2 LR O RIECIARL Uiz, 7 X8 U iFE Ak (14.5 pmol) & ARIGER (21.7
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pmol) %, EUADE F 20 mL A T/ AL, T2V VT b U U AREERK (SmL, 75
mM) EKEELTF B Y U 2KEKR (029 mL, 50 mM) Mz 7z, S5COIRET T 30 /3o
A RIS 21TV, Bk A f3T-. Zhva 25°CHHEIR T CfrE L 7o, fEEIRIZ. C4AC4-/ L
I LA UEETIL pHT.4, C2AC6-4 LA 2Tl pHS.1, C6AC6-4 L A [ TlL pH7.7 O

HOEMH LT,

T RB BB D 3 BB A RS ORRS
C4AC6-F L A V-2 7T V) U IRIRE M O GIEZ R, LA VBTN UL
(3.30mg, 10.8umol) & A7 7 U LM (3.08mg, 10.8 umol), C4AC6 (533 mg, 14.5 umol)
Z. 20mL /XA TIVIZ AR, T ZIZpHT7.75 DU T U U AEEIR (SmL, 75mM) &
KT U D LOKERE (029mL, 50mM) &Nz 7z, 55C O T T 30 4 Ok &
FEITWV, SHURE T2, v 25°CHEIR T CREE L7z, C6AC6-F L A V-2 7 7V ik
RAMROFEL, FROREGETT Y _UPUEEKE C6AC6 (T4 %, FEE D pH

7.7 D0 %EHAWTTHR L=,

BB BLE L B ERAT
BT, EROFETIER LT Lo — b E AV, o TS TE2000  (Nikon)

ZERH L TITo 7, X L > X2 1%, Nikon Plan Fluor ELWD 10X (NA 0.30) . Nikon Plan Fluor
ELWD 20X (NA0.45), Nikon Plan Fluor ELWD 40X (NA0.60) % 7=, HIREAE~D
Hex, SRS EEAKERLT Short-Arc Lamps HBO (Osram) % VY, /X2 RK/RRA 7 41X
L CHRIEOM R4 435nm  (Nikon 144 BV-1A) | 470nm (Nikon L4 B-2A) 1T
#& 7z, Laser Power Meter LP1 mobiken (Sanwa) % fV T, %4 L > X Nikon Plan Fluor ELWD
20X DFEHRFIZIIT 5 435nm OREHEONLEAFHAIL 72, RS EEOMENIIX, ==—F

FNT T 4 (ND) 74 VL, BRESEEEZ 14, V465, 1815, 1/3215L Lz,
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Z DWW IR 435 nm DYtE e & ZITEH S N7t ®ITA £ 264, 6.25, 3.18, 0.76 mW/em?
Thol, R 470nm D/ RSAT V2 % Fniz & EI2iE, JLEiT 0.59 527z -7z,
FEENTIC VD CAAC6-F LA V-2 T T U V8 3 o IRA R OIREhHEE) 2 Bl22 L 7o
Bl A A — K CCD # A7 HAS-220 (DITECT; 1000 fps) Z AW THRE L=, Ot
O IR X OE)EE CCD 4 A STC-TCI 152USB-AS (SENTECH; 19.3 fps) % JA\ THi
U7, IRENEEOMTIL. WA 7 b Image Pro Premier (Media Cybernetics) % Fu»
T\ BCRE AR D EHGDOBREE 2 #h73 2 BOFEIE & LT, ME ORI Z(LDBHN & > TiT-

77

X AREYTEE
fh oL A SO Z & R X RREITEHIA O H F AM FIZ ., RINT2000 (RIGAKU) £7-
% D8Advance/D (Bruker) & FAWT., KKENEIZ X o CTHRIFTHIE 21T 7= FRIFEIZIE CuKa #

A=1.542A) #H\7=,

in-situ /A X BREIYTHIE
AN X AR EBR 1T, C4ACA-/L X b LA UIRIRA R & S HEZ WA L mm O H T A
¥+ "7 U — (Hilgenber GmbH) (Z A7z b Dz ik & LT, Nano-viewer (RIGAKU) % ]
W, BIBIEIS Ko TREHTE 21T - 72, X R (Micromax 007HF) (213 CuKa f# (1=1.542
A) R, BT X BROBHIZIE Imaging Plate (82 Y6RER 60 43) . Hif1Z1E R-AXIS DS3C
(RIGAKU) Zffifl L7z, FEIGHI T TOFHINCIE, JtRE LTHG 7Vt #7 7 AN
Y75 Intensilight C-HGFI (Nikon) Zflfl L, /3 RASZA 7 4 L% Z W TIRESE DR % 435

nm (Nikon £:# BV-1A) F@% 1L 7-,
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HPLC (T & RS HT

HPLC (2 X 2%3#11%,. HPLC ¥ A7 A LC2000 (JASCO) % A\WTHr-7-, BEEMICIT=
ZEIVSCIS-AR-II (FHTAT A7) MM LTz, 7Y XU UFERORBTIZIE, UV
R UV2075 (JASCO) % FAV, MR 1% 306 nm (cis 14 - trans IROZERILE) & Lz,
I A VB X OAT T U CEEORHIZIE, ZAFEEEGEL H#E (ELSD) 1260ELSD (Agilent)
Z AV, ELSD OFHUEFIER T 7 A F—IRE - =KL —XiRE L HI240 C, 1774
DU T HANIERZEEH L, AAFEE 1.6mL/min & L7z, BEHIZA Z / —/L :0.05%

(viv) U 7 a KRR =9 : 1 IR EEZ AV it 1.0mL/min & L7z, #0BHZ,
OB DR A BRI A » = (HIFLEE 80um) 12X~ THBEL, AREAKICE O TE LT
MWz, ZOWHE Lo a A % ) — VIR SE, 5pl Z2RIERE e LTHir L7,

FEIREA T8 2 HEFIRE TOREE O trans-cis bz JIE Uiz, FEEOEAEIZ L -
THyBfE L7=RE ST 455 nm DN T B LED 7> 7 &2 AV T, Hokz 1 oRE L, 2

Na AL ) =M S, 5pL 2 EREE L Totr Lz,

C4AC6 DEfEER X BAE ST

TH ) )L E RS L7 C4AC6 #Edh (C4AC6-SC 1) Dk S EMEHT I3, XtaLAB AFC12
(RINC) (RIGAKU) & H\W\THro 72, HEIFER TV, BFRICIE CuKa Bt (1 =1.54184 A)
M, FEERIZIT SHELXL Z vy, R K% 4.07% Th o 70, FBEIR O fEdmlk L7z
C4AC6 it (C4AC6-SC 1) O it IEMATIZ, Rigaku XtaLAB P200 % HW T o7z,
1L 93 K TITV, MIFICIE CuKa Bt (1 =1.54184 A) % v 7=, ##Licid SHELXL % ff
W, R KTIX 26.32% ThH o 7o, ARFHINZY H 7 SR AR L ICFHAI L Tz 720

776
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EAE

~A 7w CEORBUCHIT, g v ERS ORI T ST E T, R
FSCTIR, EHOCTEEIT 5 7 Y B RS A b OB B BRE) A k5 & LT
S~ EMM LR, BEARA T =/ TORKGERI 72 ) F RS~ O LR OREEEIZ O
T oo ABE T, 8 1 B L7201~ ¥ S L 2 BERA A Ofke R 722 71 28~
DEWGFEREDOREZL OB L 2 BB X U3 ETHLNH AR L kRICBRELER D,
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