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Design and Characterization of Novel

Photocontrollable Nanoparticles
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Figure 1-1. Schematic illustration for magnetic vesicles of SP1822 containing Fe;O, nanoparticles.
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Figure 1-2. Reactant and product structures of the photochromic reaction for spiropyran (SP1).
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Figure 1-3. Reactant and product structures of the photochromic reaction for SP1822.
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(a)
H-aggregate J—aggregate
dye molecule
s=== (T
i ) dipole moment
/
(b) S (@ 000 OO

40° 0000000000000
|:| :dye part of SP1822 <<«
O :alkyl chain of SP1822 and HC18 T:S“ﬁacta"t :SP1822

Figure 1-4. Schematic illustration for (a) dye aggregates (H and J—aggregates), (b) J—aggregate in LB film
(s: diameter of matrix molecules, I: length of dipole moment, d: width of dye molecule), and (c) J—aggregate

in the vesicle.
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G,,AzoC N*Br- o
12 6 //N’@*O*(CHz)ﬁ*;@Z‘;zH4OH Br
HaC*(CHz)n*O@*N CHj
Iy DDAB
/ (didodecyldimethylammonium bromide)
Prussian Blue n?/ Br
SN NN NN S

Fe'[Fe(CN),]

Figure 1-5. Schematic illustration for photoswitchable magnetic nanoparticles of PB with

C,,AzoC;N'Br.
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[ZHEh LTz, $ bbb 7Y N8B ORI L - T, PB kL1 DORER IR TN L
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A THDHITEL, £, NIV B IVEBICHFT LIV AT AL, A7+ b
7 v Xy I oy F MR DOBAC LI RIETRBIIIR AR H 2 L& C bz, BARRIC
BT+ b7 a3y 7 FONREMLORE T, BHEROBSFMEEZ RESEZ BN
WEWHZEThD, o, AT MR I v I TEBEA LIV AT AT, RN
LD D DEFENRAEBE Uiz (ERELIHE D ZEH A—2) §&itE L nide b
WeEWS TG H 5, AT, BRI OB BN ZBE L T, bbb,
AT + b7 a7 5t OREMARIC X2 BHBAE— A 2 N DRI~ B A
TERZ LTV 2O TITES | BB MOS8 2k L, ki M OMAEFERIZ X -
THERFENZIL L TV ZENBEZbND, £2T, A7+ Mo/ r Iy 75 T0ONE
PEAL S BAE BB A-E— A o b DZEANIT K 2 WaHEARMoRL - O ES N AT 5 Z L < A
OB LD URFREEBE LAV AT AICER LTz, MA T, B{bOHAL v F

VTR ESE D0, B AR T DREA A 2L TIERE, MIEAUNETT
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EDVAT LEfgEt L O EEMEEERTH 5 CdS & oMK TH 2 PB DES 2R 2T,
Tbb, ZOVAT A, JEHIEBBEIER B O AR D 72 D OB 7= I M B T &R
TDOAT = ALEREL TN D, HRALHIBEIOA I =X 0F, ZNETOFHE T+ 7 m
Ly I L REER L OB EERIC L 2R TIEAR L mEM AR L D
FHEETBENC Lo THRMEA A 2z L, £ OBKFEZHIET 2 L0 B L A
H=ALTHD,

DLFICARECH 7T VR B U HOPBIZOWCEHBT 5, £7-. KAENMLEHLTW
% B OWT LT 5,

TIR B

T ROBUROZEOFER LA E T VLRI T 44 7 Th o, BB
HIFAET 5 0NN TR UT, AR LS TT Y EN T R (rans) KBy

A (cis) R~ FIHESE R OB K 5 T eis K> B trans (K~ BMALEG % Z 7 (Figure 1-6) ,

O30

trans from cis from

Figure 1-6. Reactant and product structures of the photochromic reaction for azobenzene.

C DRI BRI J 0 SEREE T D L L BT, UV-vis IRIXA AT S L O WG
K RNEAT D P70, UVevis I AL RV Tl 2 DO FEE AL (Sy JEEIRAE) —S,
(FEDIREE) . Se—S, (FHELIRAR)) MBS 41D, Se—Si ITXIFIEEHITdH 5 n-n*7BR TURIX
RRERIT 440nm (ZBLIN D, So— S, 1THFRFFA T 2 n-n* B TRINARKIZ 320nm (2B 5 (£
NENORINERIE i, 7 RBUFFERIC L > TE TR D, E72. trans (KD 5 cis
KR OZEDHA~OHEEANIT ZSDOEENREZ N TND, ZODNEMED AT =X
AE, ZOOBETERENME 2 LickoTRBllE D, AL W FR—5 T kick
T —2oDERIFFORIMEMIC L > TolE IS5 S, (n-n*) JhEIREE (cis to trans) |

FAOOCIC L R EME (T V) PEETLZLICEoTHEREISND S, (r-n*) Jib
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FLREE (trans to cis) D, MZ T, BUT X D B (cis to trans) 1IKEEERICE D H O
To 5P Elm A~ UHICEBIT D cis K05 trans (R~D RIEL O B 0.20~0.27

2K L. trans (BB cis (R~DZ 1L 0.09~0.12 TH D, ZAUL, b7 U AEDIE D NEE
IFETHE N ZEZRL TS,

T RB RO AT, S (rans to cis) AL T < flix OELER
P 2T 5, B, BHEOR2NT Y RUB ASRE T, trans (KR5S cis R~
FBEMAITE D, BHEFE— A2 FAKI OD 205 3D ~EZ L L P, & HITHRE (BT
HERICH K 20—2) b RELARD T EBMOA TG %,

TYRBATAE R VT U E R LRI K DM AMED B WERE S 2GR
TELMT, SHETEZL OFERDRF ML OEGRSATHDLN, BT Lb 7+ b7 r 3
v ZRE R R DT TRV P BEH SR TV AFHERO P T, STRICE TG ESE

FRBIEREENL TV DIHENENTH D, HERMEITITT YV EOBEFRENREE L Tk
V., FRROFRECL > THFNTEFPIET 25613, LR IcKRE P EL XKIT
TIENEHIBBTE D, Thbb, 7YXV UVBEEROS RGN, B EC

WHIEEZ S FRICEAL TS, ZROLDOEREICK 20 FRNOEFLENEZ 20
LT BILENEETH D,

IV T7 7 — (PB) ROV DELEUE

B ¥, 3 2) Mio#kA AL 2ELKRKE 7 =a T b (7= v T ib) £ 4%

BURKBREBRET D EEBIZAERT 2REAOILE (A NIREE) ThbH, O
RIS Keggin I X VIR S, BFEEHR 10A (Fe'-C=1.92A, C-N=1.13A, Fe-N=2.03A
D LNL I (fec @ face centered cubic) TV | 1 4UT Z2fliDERA AL 3
MDA AL BEEL, 7 /5 (CN) BZFORMELE LT 5 (Figure 1-7) >, Blfr
THOMES LV, CN D CRNZHT D84 AT 2 KA E Y (F"™) THY . NI
T2 b0IE3flimAL Yy (F"™) Ths, 2EOBERMPLEROTZDIC, —HAHKTH

AEDOH ) T hAFy (K B8EOY TR D 4 HEZ 5D D,
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(@]
Figure 1-7 Structure of Prussian blue (PB).

B IZZFDLNFRT LI, BHEOOEKTHS, Z0OHFEME LT- PB IZHFMOHEEE LT

A7 RBRHR EICHEA I N TN D, 2D PB @ UV-vis WILAT LK, ZDOHEAIC
KK % 778/ Robin & Day 2LV 2w REKARIZRICHE S ERINE 7,
700nm TFFICHBLT DRI RFEAORE TH Y . Z OWIITEEA 4 o FEM B BRI
(IVCT : intervalence charge transfer) # &IfJ@ &7z, 4725, PB % Fe'-CN-Fe'" & Hijl
169 % &, 700nm OWILH TR D & 5 72 Fe' 20 6 Fe'" ~DBEHBENC L 5 b D TH 5, Robin
& Day IC X AFEAEAOREISCTOSETIZ, PBIZZ T A MICKE L, 81 4 1 (Fe"
& Fe') ICEBHWCHEEARS Y . ERAERRETOBEEEIT 95% U ERTELLTWS
T, RO TR RIS L D PB 04y TRGEIX (FRECIRREDS Fe'-NC-Fe' B 1-RliE) 705 E
B2 95 &, ON BB 2 P osic, Fe' & Fe' oA 4> ollEZ 2 nEhn
LR LT (Figure 1-8a) 70 EH LA 42 Th, 3d #3ED 3 EHHROKT R L%
— T b &\ 2 EHRRO BT R F I e, \CHHT B, fEARS T ORKIMEE OB
75, CN 723 C JITRAL L7 &R0 thye, WEUTIEFNC KX | F" A A2 D 6 HD 3d &
T RT o WEICA Y | PBSEMERLE 2 & D 2 L 23D, PB ORMEEROHEIEIL, #k
A F 2 ICOE SEOAKIEF R D Z L AT TO T NMNTENL L7 7oA A2 OflE
HETFNEL 7 FOBANC L D@ A RENMESTH S, PB OF TR 1 O
BEBIZ XD (Figure 1-8b), ZAUIIERIEALDORRE, C & C, (PB OREEIRELH 2 HFHD
T —REE JEIRER) (281 2 EEREUI[o=C, (IID) x () +C; (D) y (D (]&

[=C; (III) ¢ (II) \+Cy (II) ¢ () N]TH D, PB O ORHEIRAEIL, HEIRRED C MDD
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Figure 1-8. (a) A molecular orbital scheme for class Il PB. The symmetry labels on any column of levels are
appropriate only to the molecule listed at foot of that column, and the transitions labeled 1, 2, 3, and 4
correspond to the bands of (b) labeled in the same way. (b) The optical absorption spectrum of PB as a

colloidal dispersion in water.
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3 GRA TS NRID 38 kA o ~BERBELIZH D ThH D, FE PB OH AT g—¢’
DEBRRTHD,) DHIEAFT HRELFEL, MHENOTFROEE THDH, K12 D
BB LEFOTEROERITFENT-EFOMEDHEIIE ¢, THDZ LERITIX. BB 1
CRCHBETH D, B 2 IIATMENLERITH L3, BB 1 LOTRLF—EIEHIC
AL OND, ZOZFAX—2F, F"S A A D t, NS e, il ~E & LI 50
ICHE R TR LR — TS T 5, BB 3 X727 A AR BN DO A A
ORI T D, B 4 1TENL T D Fe' A A 2 ~DOBHBEIER TdH 5, PB D UV-vis IIL
AT MRS E, 700nm ([HLE S OERE 1 3 Y 400nm (TER 2 BTN D,
B 3 I TS NIALEIZHROIN & U THA, 250nm OWIITER 4 (THY 45, R
AR D72 Z DB OB THRE S, €°=0.99, C=0.01 ZIRDHLENTE, 2D L)
(L FH BT EIRIRAED 99%DIFH & R3R CHENSA A LTI L, R THE
NIk A F 2 BT 1%DOREH LA N2 &2 7 7 AN OB BT 5, £z,
DREEZEZTRWNE IR ICT D LA AT T T 2 MIRABIZZR 0 | ITEA
T TR R DD BT/ 5,

B 13T EHDHKI 10AD fec gL &V, $A A& CNETH LTS, £/, $A
FUETE RS E NaCl B IC e D, &6 D OEA A2 b\ EEE DT DIZ, 3d BLEH
3 HiH R ORIV —HE t,, &2 EHTHRO &= R/ X —#E e, 12735 (Figure 1-8a)
PB Kk O ORRUADREKUFFMEIT CN . GEREMER ) 2 L C. R F AR 238 <
FERAET DHERA C U BORAIC L 2 BEHMEEROBRIC LD b0 TH S ™, PB I,
A A 2 IO E SEOARNEFNDH DM, ZAUTERANENL L7281 O/mA Y
VEBICE DD TH D, THRDE, Fe A A UITEA U LR (hle) & & B0, W
PEZAH D DIZFE A A DmAE U (hoe) PTIChD, T7Rbh, 2L PB T,
BivE (Fe™) A AU BIOBEENRK 10A1272 > T L E 5 ORI BB IEFITNE L,
FERANIC Te B 5.5K & IEFITRVEZRT,

PB Kk DR IRL T 6 DRMAG DR 2 ZE 2 T2356 O PB FLMR ORI 2 TR E
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THAEVRIT, BREERA A OAdEFHUEL > TV, CN EEI L7oBRHIEBAE
R 2 ORREENIE SN D, A A U HOBEBENK SATREE & bWIC 5 & RiRE
HEIZ 2 D720, ZOREHEDA T M OMAEAERM DA ZE 2T I < oAb MG
LEAFTVIFET LERE SR> TEY, ZOMEEREBLET ONRLKRMES TH 5,
1o T, PB A FEARE Loy Farahid, HeEMEL b0 P2 BT 2 DI i 72 )7
EDO—D>ThoENZD, LT, SHETIEEROFEHLZDMAGOEELEZ DL &
I Ko THFHRRAL ™12 RS 1, EIRSREEE ' Lo 7o R RE 2 R B B UA
NELBESNTVWD, —H T, PB RO OEEUAD RETEEA (6 Bk 9 &
DT 72 ) F PR ISR BRI B 2 b, Z OWYERE b B AACHTSE S h
TW5, £/, PBiF=L 7 busuI v 7MEtE LTHIER S, FRMEA~DISH 23
mEn TN 010

BN %

— BN T KT B AT D e LTS BAER S 5 0, S L L, BRI
Bz EOK (BUKMERRIE) & FUmiEMEAl 2 3 L <, KO E ISR S L5 St imis
KOBRERKDZ L THY, ~f 7 nxz~<LiarebiEEnsg, Z0OY AT AT,
WMIETORHOK T — M pOSYs & LTEET 2 2 L TH R FRamand, £,
T 2KDOEIZE ST, BBKT =DV A XPRHIETE . 2O A X E ToRBED
T2, &b, A Z7uz~v Ly a VOREE (OEERE) 133EFIcEL<. Akahiz
TR FIERGICHBET D Z ERAEETH DL LWV o o Z E bHBEICHWONABE TH S,
THETIE, ZOFEICE->TERY 7 24— SRR “°, &R7 v(th >, &R
A SO0 A Oy AR O A KRR RIRRI TS IRE Sh T, ThRbH, kX
R DERIE, 2O I BAEZ I 7 ain e UTA A U n, B BETTRIG, K
SRS T8 EDALF OSSR TE D LW IRAMEZ R L, FrLWRISH E LTRSS

Tb\éo
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4-3. BAE CASHRITZ2EH L= TN T v 7 N—BRI T O KL

R CHRAR7Z L 51, AT + b7 1 3 v 7 53T SBEIEIR ORE A IE T 81
RADDH D LR bINT, £ T, HMEDOIEAAS v F U 7R E2m ESELI2DIT, Bk
PR MRS DA A 2 CHERE, LA ETTEDL VAT AIZER Lc, T74b
b, AT+ b7 v v 7 FONERMEICH D BT —A > FOZMICLD b OTIE
L, BMERZO LD E R RARDZWEIZ TR KVBINREbE RIAD D &E R T,
AREICBWTRRELIEY AT AZ, BTEEELZRW, BE (F—F7 v Iy 7 k),
£ (B 7nm Iy, X (L7 hroru Iy 7)) EnolofFcER S
WBEZAT 2WHE LS ENEOWE AL MAG DT, BRIIZIT, a8 R TH D
CdS =L r hmruIy7REEE L, O FEMERTH S PB OB/ ZR ATz, 72
bbb, BRI L > TRRDREEZ AT L PB &N EEMELZ AT 5 CAS A L, CdS DI
BEEFICE>TPBOEFREZL(LL., £ OB OHIE 2 37 72,

(TLHIZ, PB & CdS ZHWEH B Z#T 5, PB ZHWCHEHT, 4-2HTHE~7Z X
I, BHITWRLF B TE £ DBEKEHESCIHAE LD A T = AL 2B LT,
ZLT, KVAT AT, MICHERERTHL L7 busu Iy 7REEALTWD
ZLTHD, —HTCAS 1T, TNETELABEOTFEIC L VML FARTE ., fieb M7
HACEMELTH L7120 TH D, el R B DO BASE D 720 OFREHER B, 2D
VAT LA TIIOEEMEERTH D CdS Mokhi F1E, I K - TEMBEREL EZ 37290
HIRDREEZR>TND EWNZ D, —FH T, BMEARTH S PB k1%, Kk T=x1
F—MIC R DRELZ RS Z L3N, BR (BT Lo TRRIKREZRT, T4
bbb, Ry AT 5 TIE PB KL KO CdS PohL 23R GHEEI O — 2 D F&ff (R D=L %
—IRHB) Zii/o L. S HICREREEEEZ DR, T, o PR Z HACE# &
L T2 IR B ORRGHESt O & —F L T 5, F7o. BERFHEIT PB ok
ST D,

FIELFEREDOTIEIZL Y DDAB MO SN D 2 BRI LY CdS #iki 1 & O PB
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Wk F 2B L, SHI TEADOI 7 OSEERM L TR RIE 281635 2

& THTHOCHITERRE AT B 2 /ER U 72 (Figure 1-9) . Z DA BRI AL S a1k

PB %\
CdS %/‘

Figure 1-9. Schematic illustration for photocontrolled magnetization of CdS—modified PB nanoparticles.
PE LR, BIZSRIDEIC L 0D L, B AT U VR LE Y, 2h b ORRsF
PED AL, SRS T X D CdS kL T DL EE 723 PB L T~ BB T2 Z L12 Lo T
PB ORI 7 D8k A A 2 NIt S, BACRIENZL (Fe"-CN-Fe'' 205 Fe'-CN-Fe'') L. PB
R DAL EAL LT EFE 2 bILd, S HIT, BULHIZ K-> TEu S 7z PB ki I3 %
TZTEDARRES LRI L, BRPEITEIE L7z, T72bh B LDt On/Off A A » FIThkEh
Lo ZOMRALHIEIO A 7 =X 0%, CdS BRI 17 b O B2 it (Fe'™) A 4>
~BETHZLICL T, TOA A BT L, £ L THAAEZHIE L Thd En)s Z
LB PHIL 7SI O A ) =X L% " LTV D,

RETIE, ZOHIBAOI 7 aUSHICER LEAS L2, 7 e OSSR &
FRICHI STV D72 ZORERITER L b O TIZZRW, B2z, Blxicam Lz
kL 7% & HIZZ DX 7 v OGS & VT, REMEIRMORL 1 & BRI 7 2 A SE TR
Thon, LT, HTHERFESCENZ 2 SElmEIL REDOTHEDN 2V, 1o
T, 2D ORRIE, FHLZRCHEREMEA B ORI D 72 0 DR EIERET &0 e b HIE O
AT =X LDORFEZ L TN D,

LLUFICARE T > 72 CdS IZ DWW T %,
cds

BT A XAREAT SRR T, B 5 D VKX KT 72 £/ 2 4
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RLHFOBBEBICNIE L, WFhE bR T2 TR Z & oika 23 TIER
SNTWBHETHD P, o Th . EEAMRIT A LA - LRI LTRHWS Z
LITED ., AT FAXF—E R PBR T RN F— LT DML A TR TV 5,
PRI D=L X — (NN R) Ty o ATRRED & & bR L., kPt
i LT= T DR R CEALOFME TR & < 7e D, 2 ORRZ2 8 IR 1 % e fib i 7 &
WCHWD & RIEORE VWL R TIE T RV X —HIC AR A RE T o o 7o K T H T
I¥LND,

n BLEERTH D CdS 1, e b EAN L OHHMAICEE 2RO 1 > TH 5 0%, 2L
TAHHE T, CdS DRI BT A ZADMOZENENOFRMES Z STV 5,
Z LT, MR- CIT R A X IR ORI, RBLAI o Bl 5 & o

RN BLIAI S TN D,

4-4. BS5E FH /I MR T ) BB T O LR O T

AT E CIXREMERIRL - L AT 4+ ~ 7 1 X 7 OB B B R T 2 A L
BRI A B L C & 7o, 2o oM ENT, FRLISE MO &Y % etk
RIRLF ~EET D 2 L THICE D ZDORREOREZEI Lz, — T, EET5I
HTVRCHF A ML I LD I 7 v USHIZER LA L TE 2, ZonSZ M
TOHLLEAKT+ b uI v I FaEE TE LT Th BEREEMR R EOEEICLA
NThHDZLPRINTZ, —H T, TORIEHEIE, UL EOBEEMEEREGHIARZ1T T <,
R BB B 2 bR b 5 Z e o T g MM RIETIE, 2 of AR ER B
B2 H LR DR RE MR 7 DAY 2 3R A 7,

AKETIE, BFA I A0 I 7 v OSSR 2 Fr R RRAERES 2R H LT
HRl= v b8k (CoFe) ¥ 7/ BUABSHIE DML F1b 257, £ ONHsREIE 2 S LTz, &
EZBIT S CoFe 7/ BMESABRLTF I3, kMG ShTWD as b b7 e 7 o7

J— (CoFePB) "'* L H72 % ix, HF A LMW B ORRAFNBEESZFME L, Co"
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A v DONLRBCE Z M AENZHIE LT (kD CoFePB 13\ ik Co™ 1 4> (H,0 BT
T) BEA L \ER[Fe(CN)]” ZJFE E LTV D, ZORKIEN R THY PB DIETH
NHNTND,) BRSNTWD,

ZOALBE MO IIRIN ) R 2RI L7 & 2 A, ARSI Ko THED R 5
AV B AR L, B EOBEMBHER SN2, ZOEHONFHFERALD A T = X L%,
il ENEOBIEA 4 OMBOSIEBLEN R R L Z 0o EETH L, BIlEO L Z A,
FEARW 72 IFHEAL D A B =X KT, €K D CoFePB LA THDH EHE X TS, L,
DR FF MY BNV OR RSO 2R U7 B+ ORI T, 7z 2 Bt Ol
MICRHHTE A ZEZR LTI NR D,

2L b-8%PB (CoFePB)

CoFePB (K(,Co14Fe(CN)s6.9H,0) 1%, JEFFEBALELG 27 L, 1996 FEfEHIZ L - T,
B TIA ST, Z OHHLRALILIT F™ 225 Co™™S (Fe™S (1%, $=0) -CN-Co"™S
(tyle,. $=0)) ~DBEHBELILH (Intervalence Charge Transfer : IVCT /3> F) A JEhid4
HE, BTBENFHEINZOIRIEN 150K UL FCHRESND, 208 EAKT D
Fe"™S.CN-Co"™ (Fe™ (t,%e,’\ S=1/2) -CN-Co"™ (e’ $=3/2)) DHiEa A+ % Ue%
TEIRREIL 26K CTRISAHIR &7~ LI & L COME %27~ % (Figure 1-10), % 7-. Verdauguer
SITH TR~ K A A 721 T < Rb.Cs & W o727 vk U &g &N L2354 oWk
L' BASII Na A AV B A L CUHRMLIREZBRELTWD 2 S6IC, EESD
F2B N R OYIA D OFFERER P LY CoFe ¥ 7/ 4UBHEIRD A & L B IR EUL 73 Ok X
WIRET D2 E2EHL TS, AHTIEERZ, KM, BFEM, BRI E S -2 5k
BEMEMELE LCHIER ST d M, F72, IE TR, M BEREICL D CoFePB 1
BIF AR S, PRI S AAT O TN G % — 5T, JeRENE 21 5 L =AMk
LLTHBEESh T 1S,

HFZEHE I

A4-2TETIL, — AR I B NVEZHA LS, 22Tl FA oI ro
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Figure 1-10. Potential energy diagram of electronic charge—transfer states for

Rbg65C0; 55[Fe(CN);]-4.3H,0.

7 a b E T 5, T TR X 212, W B AORKIGEIE, a2 b ROS & i
ITSHED ZENFRERTZD, MK FAERICAZI TH L, — T, ZOSHIE, MAbh
TR ENTBREE (27 v pUGY) IZBWTRREZRBNERE A 24 L. v 7 TIER
BEMEFEE LIS ED 2 EHTEDOT, BANLFESEE A A il & v o 7245 B
ICBWTHEA SN TV, FiZ, ZORISHICENT d BT HFOERE&ERO 2 /UL K
(Co") A AL, B—Frm Iy REE R Z EnmEShTns "M S

B F A WIS DIREOEIZ L - T, B (H0) OWBENRBZ D %
GUCINERD HUFEIR~ ENRB B EEZ D720 ThD Y, Thbb, nFA LRIt
D27 aUSEE Co A A OEUEREEZHIET S Z EBHEDS Z L AR LTS, F
T2 AOT 53 70572 5 T = A RS T BB S 53 X 2L T Co' A A v ONLIREL &
OHFEE R, v, FEIEERI O A 42 H Na' A A2 e 7w (CIR° Br) A
FUDOENZ LD, Thbh Co' A AU ANEALTE S0 E D T, MAREE N HIE S

60
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5. BIEEREROTGE

SRAN-RIAR IR 3 Y E 2 # (UV-visible absorption spectroscopy. V-560. JASCO) % f{#
ML, FELORE (9K) 2RV TERE T OWINE OB Z 3 Z 72> 7,

— U =28 AR 5y e B 2 (FT-IR @ Fourier Transform Infrared, FT/IR-660 Plus,
JASCO) ZAtiH L, =& OMEIR (9K) (2 CRRENRI R OMMERi 4 3 2 72~ 72,
FE72. SnO, Fib D PB EEOREIZITSN I ELE (RF-81S ) Z M L7,

"Fe Mossbauer 43 G E R (model 222 ("Co/Rh #1JE) . Topoligic Systems) % FlJH] L
TEROBFIRREL B LT,
IR ZEE (7 7 A4 A4 A% >~ 1) (Nagase Electronic Equipments Service Co., Ltd.) % fi#fi H
LTI (9K) (2L, UV-vis B, IR, “"Fe Mossbauer /3 HMlliE &+ 278072, Fiz,
HEDBZRIFHOLIFAN TE D X ) IZduEsn T D
HOEHIEEERE (Fluorecence spectroscopy. FP-6500, JASCO) 2 &k » CT=ERIZEB W THE
Rtk 2B L7,
BRI il A A A A EE 1~ BHASEE (ESEM : Environmental Scanning Electron Microscope, XL30,
NIKONIntec.) (Z & > THEOTIROFHIIZ 5 27 > 72,
TR X #5387 (EDX : Energy dispersive X-ray analysis) (ESEM fi)&) 2 &
> THMEIO LSRG 21T > T2,
BN TE %18 R 5 1~ B4 EE (FE-TEM : Field Emission Transmission Electron Microscope.,
TECNAI F20, Philips) (2 & = THEIO TR OFEAM & O -8 2 Blg2 LT,
HBRE B T3 1 (SQUID : Superconducting Quantum Interference Device Magnetometer,
MPMS-5S. Quantum Design) % 8 F§ UREKURFMEZRFAN L7z, £72. 2B Leh bRk
SKEEZHETE D Lo s Tnd
8 E Hg %:4MJ60R (SP-7 SPOT CURE. USHIO) ®[fRM UL 7 1 v & — % fii
(Mnax=360nm) L TEERSME & B L7z (1.0mW/em®)

Xe AIHRYEIR (XFL-300. Yamashita Denso) 284U 7 ¢ L2 —Z 4 (Anax=400-700nm)
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LCRe 4 B L7z (1.omW/em®),

MR X #EIHrEEE (XRD : X-ray difraction, DS ADVANCE, Bruker AXS) % ffi [ L CTH#
Wit 272 o7,

O X BT EEMEE (XRF : X-ray fluorescence analysis, XGT-2000, HORIBA) % f{#
LCru#Ezklrol,

Yoy dEE  (XPS @ X-ray photoelectron spectroscopy. JPS-9000MC, JEOL) #%5kt
RO T RNF— 2B LT,

KT vainssNy 24y kb (HSV-100, HOKUTO DENKO) #fiH LT SnO, 4/ 7 A
B EIC PBWEIRA(ERI L=, T LC, 2Oy hrrm v 7 fEaflgE L,
HEE I R (VCX-750. Sonic and Materials) Z i L 7=,

OB (H-103N, KOKUSAN) A4 L7-.
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1.
SRR CIRBEIE (K C b 2 I LER o 7 L (R FEM 2 7 + R 7 1 2 v 7 41 CHomEEC

&% SP1822 A L7z (Figure 2-1), —f%lZ, AR E T UHIL, O S E RFINK

1% o SP1822
O

{

H3C,
Hs

l"\?/
%mm&

’mem

Fe;0, Nanoparticles

Figure 2—1. Schematic illustration for compound 1 and 2.

SRR mWENS, TR ERIIRENR T+ eIy ke E LT
EH SR TWD 5, KB Cfi ] L7= SP1822 (X, LB (Langmuir-Blodgett) fgirft 8182 ~
T B R P L W o TR R BRI BV T O A, SEAMERRSEHIC S T PMC B
Mo JRER (J-aggregate) ~& BT 25 Z LT Clzmbin g (Figure 1-3), —F
T, WEMEAR S LT Lcfefbdk (okiv) 37 = UMHER (=T 4 F) THY., m
WHBL OB B B WVITRER R B L TA RIS W TEE ARSI Z F7- LT 5 5%,
AREETIX, (T U HIT, SP1822 D FRMEAIZHE > RFEE L ZBE L, @y (PVA :
polyvinylalchol) ~ kU v 7 ZAHIZWSEIZV AT Al Aiz, T OREE, PVA H#EEH(C
BT SPIS22 1T 7 VA L, £ DR 7 VNI~ T 2 8555 Z L ITh
iz, Fio. SRIHTHE S BERRET, SIERIIC K> T2 obITE R Lz, L
L. PVA = U v 7 2L LTHWEZZD, EEMEIO L 2T L3 EHHE L. el o
= ALDELZ LN L 72 o7, BARRITIZ, PVA O FEIMSCEVRERE & o 7o b5/
OB 22 RS, Z OBV AT MR BEEZRITT L 2BELTWWRWI L THD,
Z 2T, PVA OEFEIROERALIER D A T = X W ZFERNCHGETT 572912, PVA &R
FEED S AT DEME L, MatEiT o7, ZORE. SAEHRIIC X0 Bt o K28

iz,
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2. EB
2-1. PVA~ FY v 7 ZHZH1F 5 SP1822 L ER{L$k (Fe;0,) #kiTOHEE

SP1822(1°,2’-Dihydro-3°,3 -dimethyl-6-nitro-1’-octadecyl-8-docosanoyloxymethylspiro[ 2H]-1-b
enzopyran-2,2’-[2H]indo) | ZARJFAEM LA TR 2 & | AL — 8K IUKF)  (FeCl,4H,0) Hi
b5 8K F (FeCly6H,0) . 25%7 > E=7/K (NH4OH). 46~50%fb RV o7 UL
U AFNVT =1 L (PDDA : polydiaryldimethylammonium chroride) &, &~V B =17
Jbz1—,1 (PVA : polyvinylalchol, EEAE 900~1100, 7247 AALARY) (RS Z N E
ALz,

SP1822 (0.018g) Z /K (20ml) (ZhNx, BEEESE SEZ (ImM), —J7. Fe;O4 fKL T
LRSI HE > TIRD X S 1AL L 7= ¥, FeCl-4H,0 (0.40g) & FeCly-6H,0O (1.09g) % %23
KR TAK (5.0mD) (ZEfE LT, T HIREGKENKZ 25%NH,0H K (25ml) 12 -< Y
T L7 NHOH HIZIN 2 5 L E HICBARE N A U B b8k 2 ERT 2 Z L RN T&E T,
T DR A Uy Bl S W BB AR E | #7212 NH,OH (30ml) %/l 7=, —J5C, PDDA

(5.0g) % NH,OH (20ml) (ZiAf# L7=, Z ® PDDA/NH,OH /KIFiE~E R L 7= iR b #/NH,0H
KRz - < VT L, BEEIHMI T, ZhiT Fe;04 ki ¥ DK A PDDA 2LV
WEENATEY, KFZhEshTind,

AT SP1822 /3 /KIRHE (0.2ml) & PVA (5%wt) K¥EHK (2.0ml) ZRE. BEL
7oo LT, ZOKEE~ARK LT Fe;04/PDDA KR (0.1ml) Z# FL, L, =
DIREGWIRZ ¥ v A P LESEZER L7z, DIF, ZOPVAZ~ MY v 7 AL LTEEM

Bt2tA5% 1 (Compound 1) &9 5,

2-2. SP1822 & Fe;O, ki FDESE
WEMETRIR T 5 FeyO4 ORI - /KSR (Cat. No : P-0801) X7 xa—F v 7 W BIEA LT,
HE N L 7= FesO4 fithi+ OEERI 1T 10nm Tdh 5,

SP1822 (0.018g) %A /K (20ml) TNz, BEHEH/IEM ST (ImM), Fe;O4 MOk /KIAHK
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(0.5ml) %7K (50ml) THAMW L7z, A L7Z Fes04 KEEHR (0.1ml) & SP1822 43 HUKIAIR
(0.2ml) ZiRA. B Lz, 2 OBAKIERZ FER~F v 2 b LEEREAERE (ERL L 72,
U, ZoBEamEZta 2 (Compound2) &4 %,

ZRUEER L 1 RO 2 OEERNEHHT 5, 11TV TE L7 FeyO4 0113,
5> 7 (PDDA) ##EZ L CHY ., BUKMEEZRT, ZOBUKEOZE L SP1822 R 7 LD
FRZBUKYERBAL & DA EAERNC & - T FesO4 kI 75 SP1822 N 7 LA S LTV D
EEZ 55 (Figure 2-2a), — 7T, 212BWTIE, A L7 FesO4 ki D 72 7E LUWHE
I A TH 205, — B ZRRKEMERMERIADIERIE A S Z 1T 5 &, ZOERMEIT. 7
FRECHBEIN TS "0 Fabb . —EHIE, Mok 7 L ARHE S BUKPERAL
SMA~ET . I8 B3 Z OBUKPEEAL & FEAEH 32 & O IS miE A 3 & LT 0+
fECHB SN TS (Figure 2-2b), HiX T, AR H W Xy 7 iz s LT

WHRRT 2R L7y, FERRITREE CEE LTOREE TR 7 VNEI~ A STV D L3

Y (W
(a) (b)
Fe,O, Nanoparticles Fe,O, Nanoparticles
PDDA surfactant —
SP1822 SP1822

Figure 2-2. Schematic illustration of the interaction between SP1822 and Fe,O, nanoparticles for

(a) compound 1 and (b) compound 2.

-33-



3. BREOBLE
3-1. YBHEFIMZICEBIT S UV-vis BIN R T MU ESEM B2
1 @ UV-vis WX A7 "L ZRRICTRE L2 E 2 A, GRS RNZ A TRERICITIZ S A

EWIY 2R & 97, S8AMEITH 5 340nm (2N % 7~ L7z (Figure 2-3), ZOWRILIFAE 7 &

0.15
>t /,\ J-aggregate
0.12
[
o
(=
«Q
£ 009
)
(73
e)
<
0.06 |
0.03 Before UV

300 400 500 600 700 800
Wavelength / nm

Figure 2-3. Absorption spectra for 1 with UV light illumination. The spectra were recorded during the

illumination from t = 0 min to t = 180 min at room temperature.

TR 57 v A VRO pr BRI RINT 2 b0 TH S Y, Ziux, SPAITIE, o
DOWEENEATL TNDDOIC 1 BRI TERNWI LKV AR YT VAT 5 E
NWENR 2 DR OWINBBN D12 Th D, YL EORERI Y | SERERTTIX 1 1% SP A%
LTS EPRBEIND, VT, FAMEEICRINDG & D 2 LD 1 ~EA RS 2
% Lk 2 5L 380, 580nm (ZHRVCRINASELALZ, ZAUTERRIHT PO B AT L o
BN FNEZILET 252 LI L0 /HEBEBISEWIRIND BN, T RbLEAKTHD
PMC BUZBRMALL72Z L 2R LTV D, ZL T, IO OWRIUIZNE nn*, n-n*, 53
TN CT ISR T2 DO TH S P, &BIC, EAEERE LT 5 & 620nm (28K
I ASHBL L7z, 20 620nm OWRIL T SARICERNT 2 & B2 b5 B, AL S%
(ARG Z B L7 R, PMC BUSE RS 2 WD vl P 2 os L7223, T e RICERS
DWIUIZAL Lisho Tz, ZDk, HACE RIS 25 & SP A D PMC B~ B {b Z R
L. BEMLIIMELEREY RSN, UEoZ &b, ERRETIL, SP M6 F AR T

& % PMCRUI AL Z27m§ N J R AW LTS 5 & AT PEIR S0 2 L3RR T & T,

-34-



RIZ, 1 DR O FesOu PRI F-HE AL 2 HERR T 5 7212, SEM BIE & N EDX (IZ K D~y
I NI DERD T 24T o 7o EOFER. HHHATTIX SP1822 12 X 2V 1pum FEEE D~
IIVEFRRLTND ZENHERTE, T4 XD EE TR ThHLEEZBND (Figure
2-4a), £ LT, XV IVNERO EDX JeE o & Lic & 2 A SROFEN RS C & 7= (Figure
2-4b), ZORERIE. NI T ANEITIE Fes04 WIFEL TV D Z L A B L, Fes04 L1203
BEINTWDHZ LERBEL TN,

Z LT, SIS D SEM BIEE TIEZR T 7 VOTIRDERR NS > U v —fRi2 725 T
WD ER-D3MBIEE T & 7 (Figure 2-4¢), Z AU ERAMDERRGTIZ LV SP1822 43173 SP /il 7> &5 PMC
FI~DRMLZR T, SHICTREEREBHT L 2 LIk Tl s FHREIKD
FRENTH D Larmang, £z, ZORRK () & —R) 1T %IC T

MRATPBVABE 2/ L CTH . FOUCORIBIZR bR o T,

Figure 2-4. SEM images of 1, (a) before illumination and (b) EDX analysis along the line indicated,
showing the relative intensity for Fe along the line (arrow indicates increasing intensity). (¢) SEM image

of 1 after 60 min UV light illumination.

3-2. JERREHTAE D BSR4
1 OBEEEMEZEE B00K) ITBWTHIE L7, 1ZUOHIT, BLORSREIEEZRIE L

AR, PRIE T M O RAL DN Te W F REME 27~ L7z (Figure 2-5), Z4UE, A L7z Fes0y
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Figure 2-5. Field dependence of the magnetization for 1 at 300 K before illumination.

ISERL - T 2 e DI RAH BEAE AR IER I o e b B2 b D, — KAV %
PRV RS F 72T BRI AR DOTRL T DB IRIZ A O N D R R ETH 0 | Hig
HY59VEESs TRER AR OB M Z R TIC b O 6T, MR AT U AZRI /NI L0,

BEALSEITIRIRE T = U — OIERNCHE 5 T b 2 P2, Zhud, 8% Ok 73 3R
PEE L TOBRE—A Y a2l HMRE TR F—L 0 bW = R L F—p3 R &
725 @IRE TR, HiBO A Y EREE & FRRICS R ORRE— A hOmE 3 ELHEE
7o THRIKE L TCOBKMBITHIE S, SN 6 OBEGIC K> THID THALSE Z 57906
Thod, 1EORFOBMGIZ, EORGHETRLF—oK, (v: K, K, : BRI HEER)
WZE o TEGHALTTRO—DIZMNT NS, ZD v HDHWIE, K, WS 7ed L vk, b/
SLRHD, b LA X LF—KT LD /NS R2D 97 L i3, BbIZkTIZ L - TR
L, ORGHAIZMEEDL ZENTEDLLIICRD, FHIC KT ARE T, BT
HICH M 222 TRIKDOBAIZRDNTLE S, 1 1 HORF23 FREMER O F 5T
— A PDOEDITIRES OT, INEEEEMEE XI5 L, T EREN DL R
HERMEICE TR ORLTH, BFFNARBIEOWEIRT VN> ETHRID 5 5, Zhic

L BREFIRERIE =rexp(K/kT) & -2 B AL, F—/LOFFEIZ L UE 0=10" B TH 5, LB
IR SN T 0T & LTI00 A& L DL, vKR25kTs & 725, 20 =10° 272 HIRJE Ty
70y FTREL LATHD £ L TR o OB TR EDbT e b 1221 2,

Tbb, Teldhift () OZEALCRGE &K OTRIRZELIZH S BGMER Sl s
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Do ZO Ty ZRET HT2DITIE, FWSHm EAEALIE (ZFC : zero field cooled) % IE 34
TR, KOERBEOMKEGENRE S RAVUE, T 13X 0 @iRI~BET 5, £72,
ZOWED D VET AT DURIFT D720, AL (BREO) 3k R U4 TllE L
TeHEEL, WICRUEIMGOND EZEXONDLDT, REITRWEBbhs,

SR (300K) KON ImT (ISR WTEAOEZ S T2 & b2y 72.8em’mol'G 20 5
76.6cm’mol'G E THINMN L. & DIENNERIL 5% TdH 5 (Figure 2-6), — 7 T, AHEHRIHC L S
BALOZEALITBIR SN2 oz, o T, ZOMALEE KD A 1 =X MZIF N < OO HEK
MEZOND, SETOBREBIHNT D &, BIIIIC L - TSPIS22 X T &6 EK%
R L., S 512 SEM BlEIZ L D L SP1822 XU 7 VOB E{L L Tz, Ziuh OFER
KU ZOBALOHIRIE, SP1822 D T A RITTEEL S 4. FeyOu kI ANEESE L. (A3
RKLIEZED, BLWVEERNE(LLIZZ EICERT S EEXOND, TR2bL, %K

MRSTICHE > T SPI822 701748 1 2B REZTEAT % L RIFFHI T 7 NV OTZIRBEL L, FesO4
WRLF 3BT D Z & TR LTcTo e VWD 2 & & IRBIRDOIRICED . R 7LD
JERZEACIZ Ko T WERD FesO ORI+ DIRIRZAL N Z 0 | Z DOfER, TRIRBERFE T HED
BhicZ & Tho, Fiz. —H T, ISEERITIUBE— A > M3ETICRSIT 5 Z & T
REND, B SN I RE T K 25 22 F-&— A 7 R 7S FesO4 P80+ DK kA A
VSRR BEAEH AR S22 LT K o T, FesOf M0k R (TG ST VED A U
EREER LTt b ZE 2 6D, T OHEIIT L Db RIZ, BLEISE A~ X512k
MR BT EOBIERNKIE LR TH D LR sz,

DUENSCIBFIAE D LR D A D = X b E LV LL BET 5010, LR
A& 2361 2 ZFC BALIE 24T - 7o 2R, JEHEATD Tp13 68K Th o7 Dizxt L, #5MK
MRST1% TIT 70K Td - 7= (Figure 2-7b), T D it ~DOBEIL, AR LRI IEN R T
b5z T TCICb Nz, SIDERR IR TR OEITTHE O BCRBIRORRITZE(L L
W EMND ZOBALOHEKRITRHTARFEZ L TIE e SBERE TN ZE LTz 2 EREFT

HDHERBEIND, IHIT, XVITILVORBEILL TWDZ D, ZIUTHENNERD
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Figure 2—-6. Magnetization for 1 induced by UV light illumination at 300 K with an external magnetic field

of 1 mT. The magnetization was recorded during the illumination from t = 0 min to t = 180 min.
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Figure 2—7. Normalized zero—field—cooled magnetization vs temperature with an external magnetic field

of 0.5 mT for 1 (a: black circle) before illumination and (b: red circle) after 180 min UV light illumination.

Fe;04 ML DIRIR B ZEAL L. ZORER, TWIRBEKBRGMERBNTZ LRBENns, £ LT,
BRI B0 2 8k e R O IRRE & ELEEBLII 5 72012, SIRICH T 5 V'Fe Mossbauer A<
RV SRS AT IS B W CHIE L7z, Z ORISR, WRAERSY (ZHEMR) 25, LR
FHRTTIZ 49% TH Y | SRIDEIRETE TIX 43% T o 7= (Figure 2-8), Z D2 LIE, s@méME
AR LTS Z EaRL, ARG L Db RE —HLTWD, £/, 2
DOFERIL, SP1822 D J BHEERMPIE T 5 Z LI K D58 ) 7 B 1-E— A b & Fe;O4 kL
T L OFBMBRMAEREZREL TS, LLEaE L L FIEMEITIED SP1822 4y

FD T EBIERDIBEI E > TEDRL 7 IVOTEIRDZEAL L. Z DO ENERD Fey04 ORI 1D
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Figure 2-8. °’Fe Mossbauer spectrum for 1 before and after UV light illumination at room temperature,

(a) before illumination and (b) after UV light illumination for 180 min.

TERZALE Z 5 2 & T, TBIRBERSE TN AL, bR L7722 & AT, T 26K
ISFHEE S DS 22— A 2 b & FesO4 ORI DR A A > & OFFERZ2AH A AEH
\Z &K > T, Fes04 kil BIWENAET, BAEDBHERLIZZETHDH, ThDL,
Z DEAMIEIT K DBALIERIE, SP1822 (J 2B 1K) DX +-F— A > b L LR & DOWELE,
EFR R B Ko TREREGTHEN B LT LIC kD bR s, £z, L TH
5 IVTZ FesOs BRI - DI & I L T b | BERUFFIES O 2 OO D Z T D> T2,
1 TiX SP1822 DN EMAITHE S RN R A BB L B HEZFH5-9 572902 PVA &~ k
Uy 7 Z& L THWE, 20 PVA IXERZEDHITHT-D | SRS L THRHTEIZ 2D
otz Thbb, BBV~ ) v 7 2L LTIEAHL TW 2B 2 bitd, LnL, PVA
Sy FELAOIRE IS K DR & W o 7o AR DR EZ ZE L TR, - T, ZThE T
R UL R D A 1 = X W iT, PVA OFEI 4R L2 UEsE &I iT@imil T & 2,
Z 2T, PVA OFH L NRAVIROBR A S HIZFE LT 272912, PVA ZERELE

bW 2 2R L7z,
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3-3. SP1822 S BUKEEIR K O\ A v 2 MENRRE D e R4l

XU OIT, BB - 2 A L TUN7R0) SP1822 S HUKIAIR M Y, £ D ERF v A M
DERIZIST D UV-vis WL AT FLZEJIE LTz, SP1822 73 BUKIEHRIL, YRS AL 8
RIS IIT & A BRI AR &7, SRAVMEIE T 5 340, 270, 240nm (WL &Rk L7= (Figure
229), INHORUIAE BT VAR T S Y VREDZ 0 A VRO o-n*, n-n*
BERICERT 2D THD, Ziud, SPRTIE, ZOMWMBENPEATL TWDSHOIZ o EF2

B TERNWIEDTH D, > T, DHUKEERP TIE SP A LTWnD Z LRI S Lz,
SRAMEIICIN 2 & o, OSBRI GRAMEBIZRIND & 5 D T) ~HEAEIRE 25
D L BIRIRITIRA A2 B L 380, 580nm ([CWINAE Lz, ZAUFPABRR (B2 kT
2N BRI L BMAET 5 LFRHC n BTN TR T 570 TH S, o

DWILA Y MTEEERTH L PMCRUCEML L= Z &R LTz, LT, Zh

D OWIMUE n-n*, n-n*, 73 FHN CT WIICERT 26D TH D, S HIT, FARI 2ftiT
TH I SAEICERT 2R SR o T, — 5T, AR Z IS AIEDL S L2
ETA, RHETOWRRBIZEY AlEZ R L, 2 ONEMELIIME BV IR ST,

e\ N T SP1822 43 BUKIEIR 2 A B M B2 % v A b L 0 BUKIEIR & [RIEROWE 21T - 7=,
53 BOKERIR & [RERI , G RRE A rT R BRI WU & 7 & 72 2o 72 (Figure 2-10a) . 377205,
SERRHTRTCIZ SP Al LT\ 5 2 EAVRIB S iz, $EAMEBICRINE b o, Z O ERE~
OS2 & PMC BUZHEE KT 5 580nm [ZBRWVIRINAS BT, SRAMEIRET 4 12 IR
S 21T o 72 fE R, PMC BUSER T 2 WIS 220 . SP B~ 28k LAl & 7R LTz,
FZOSRMEAIME bRV RSNz, —FT, SO0 E R LT 2 & Bukiaik <
IR X720 o 72 620nm IZHLNWRI B — 27 BSHBL L 7= (Figure 2-10f), Z @ 620nm D%
I I 2 RICRNT D, 0%, IT2ARPER S REE~, AIHEERS L TH, PMC
BNTERT 2 WIUTEAD 3 525, T S ERICER 2 RIUIZE(LE) > 72, LEDZ &b
EARRETIL, SP AN B AR TH 5 PMC AT MM A RT3, I G REERT 5D &l

WPEIITRS W Z LR TE 12,
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Figure 2-9. Absorption spectra of SP1822 dispersed aqueous solution on illumination with UV light. The

spectra were recorded duaring the illumination from t = 0 min to t = 60 min at room temperature.
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Figure 2-10. Absorption spectra of the SP1822 aqueous solution cast onto a quartz plate on

illumination with UV light. The spectra were recorded during the illumination from t = 0 min to t = 180
min at room temperature (a) before illumination, and after UV illumination for (b) 1min, (¢) 10 min, (d) 30

min, (e) 60 min, and (f) 180 min.

WIT, ZOEERBIOIIR MR T 2D 7-010 3 U 3 R BICoBokEiEz x5 A2 b L.,
SEM Bl &1T o7, T ORER, WRETHT CITERN Y lpm BEDORT 7 UL LT
V- (Figure 2-11a), F72, VA AL EZE . FETHL EEZX DD, £ LTINS
%D SEM BIZE TlE, N7 NVRIENREE - 5 LTV DERF 238142 T & 7 (Figure 2-11b),
i, FEAEIRENC Lo TSPISR2 N I A ERETAT 2 Z LIk > T, R 7 LB OFE
BURMAEANPORAEREAL TV ombDEEZLND, £, RIMCRE I

BRSSP BVLIRZ LT, 2D SP1822 X 7 L DEREIT. BT O 4B M OSRST L7~ 4k
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Figure 2-11. SEM images of SP1822 vesicles cast onto a silicon wafer, (a) before illumination, and (b)

after 60 min UV illumination.

RBICR G272, PVA 2~ hY v 7 AL LTHIH L2 A7 ATk, SRAMEIRE RIS
FBUNT SP1822 N 7 WSERIRIN S v U R~ L TR A B b &7 (Figure 2-4), L2»
L. PVA ZRELIVAT LTI, SEAMEREAIRICBN TR U 7 L OTRRIT, FFIZERIR
DEFEEILTWehole, ZOZENL, v ) v 7 AL LTHM L PVA 7% SPI822
NI NDREFEL TND Z L E2REB LTS, LT, 2OXT 7 LOIRE I
FFIZ PVA O FEEMORENPEE L TWDH EEXBND, TRbb, v v 7 RELT
L7 PVA 23, EAMEIO —EIZR>o Tl ENEZBLND,

SP1822 N 7 VDEEMNIE Ua . MUK Tldon ROV FEA RO B i )3 E
RRRE L T 2 & +RIZEVO T, ZAEMCEEL Wy FHROMAEERNEZ 672
WEBZHND, Fo, UV-vis WINARY hUZE W Tl Sz 620nm OWILE, T 4
BIERUTER T 2WINTH D Libk~7z, T7205, SEM BE0 bR SN~ T 7 L

DEFESLEZEIL, HRIELIZFE S SP1822 737D ] 2 EIRIZHHE S, SP1822 X+ 7 /LA

TOHEIHEEMICLDbDOTHLLEZDND,

3-4. LAY 2 DFXEMLITHED UV-vis RIRA=Z hL & SEM B2

2 DR ONEAIRAE D UV-vis WUX AT bV 3-3H L FEROFERZ R~ Lo, Sl
FETTIE, ZNENORIEICISWTAMEFEE TIIRIN Z R S 2o 72, 2 ORI T, 6
Bl (SPAI-PMCAY) (3 rICE SRV IRS L, EsOLRE 26T TH 1 2814k

RS 2 I BLAL 22 x> 7= (Figure 2-12) . — 5, [EAIRAEIC ISV TiE, SP RIS PMC
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O EMACIT AR D IR S 7228, SERE 2 he) 5 & T 2B RIS 2 W
AHBLL 72 (Figure 2-13), L2 L. Fe;O4 ki1 & Ak L T 72y SP1822 [E{ATEEE DL
WARZ PRS2 & ] 2EEICERT 2RIEEIE 77— RIZR2>TnH ZEhb,
Fe;O4 TR+ Mo OV Z 478 L TN D FHENEMEAI 3N 7 v 2 JER L T % SP1822 4yf-fHl
OBEFICHRA SN Z EICE > TIREERPBEI NI R TVnDH EBEZ LD, T/
bH JSAEWICERT 57 v — RZ2WRIUE, SP1822 U 7 JLINHERIZ FesO4 ORI T-23HL U 3A
ENT L EREL TV D, I, 2 DR KLY FesO4 ORI - DG & i 9™ 5 72912, SEM
B LD EDX T LV X7 VNES OB D 4T 21T o 72, £ OGS, SP1822 1T L 5] 1um
DR 7 VNGB TE, N7 VNERD EDX IZ X D u#E 0 E Lz b 24, 8DHE
DHEFRTE 7= (Figure 2-14a), Z DFEFIE. X 7 VINERIZ Fe;04 K+ AE STV 5D
ZLEERBL TS, £ LT, FeO ki1 ORI 10nm &5 Z L #EETDHE, Z0
RY Y VNEBIZIE FesO ORI F M IEEITAFAET 2 B A HILD, F\ T, SIS %O
SEM Bl TlL, O~ 7 VinEE R OES L TV D123 ifsd © & 72 (Figure 2-14b),
Zhvb SEM BIZ1E, 3-3HHEFAMDORERICR o7z, T b, FeO4 b FHEAAIRIZEH
UWNT SP1822 N 7 VDR e E R DIREEALIT R 5N o7, ZORERIT, R0
D~ hYUv2Z 2L LTHEMLIZPVADRSPIS22 RS 7 LT L FIEFLTWAHZ &R LT
W5, fiEo T, SP1822 N 7 VDI IR Z il il L 72 BERIE, FesO4 ik TIX72 < PVA T
D 2 e BN D,

2 DEENRFE CHa . SHOKER T Tl 7 ROV FHEA RO B i EEAS E AR RS & g
HEHHFTENDT, DEKVEG LV S FHOMEERAREZ G20 THD &
EzoNb, £72, UVevis WL ALY RLICBOWTEIHEI S U7z 620nm ORI, T 241K
DIEHUZER T 2WINTH 5 Ll ~Tz, $720 5, SEM B4 LIRS S L7 SP1822 N 7
NODEREEIE, RIS SP1822 43 7D I A KICHE S, T OFEMNRHEE

ERIc Lo Tz o= EEZ NS,

-43-



Absorbance

200 300 400 500 600 700 800
Wavelength / nm
Figure 2—-12. Absorption spectra of dispersed aqueous solution of 2 on illumination with UV light. The

spectra were recorded duaring the illumination from t = 0 min to t = 60 min at room temperature.

Absorbance

600 700 800

Wavelength / nm
Figure 2—13. Absorption spectra of 2 cast onto a quartz plate on illumination with UV light. The spectra

0.7
400 500

were recorded during the illumination from t = 0 min to t = 180 min at room temperature (a) before

illumination, and after UV illumination for (b) 1min, (¢) 10 min, (d) 30 min, (e) 60 min, and (f) 180 min.

B
Figure 2-14. SEM images of 2 cast onto a silicon wafer, (a) before illumination and (b) after 60 min UV

illumination. The inset in (a) shows EDX analysis along the line indicated, showing the relative intensity

for Fe along the line (arrow indicates increasing intensity).
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3-5. (LAY 2 DIBEIITHE S BRI FE

2 DRSS ZEIR (300K) IZBWTHIE L7z, 1XUDIC, BbOBEHERFEZHE LT
A, PRBE ) M O RAL DS I W RN E 2 7- L 72 (Figure 2-15), ZAUE, M L7 Fes04
VPRI 10nm F2EECTH D 7201, iR TITRBEMEA AAEH 2372 < 725> T 5, =R (300K)
F OV ImT (S B W TERAEIRE 24T 9 & BHEAS 2.53x10%emu/g 7> 5 2.58x10%emu/g F TN
L. #INEIL2%TH S (Figure 2-16), — 5T, AIHIEA RS L CTHRLOZKITBIRAI =
oty T ORISR > TN L2 bic DWW TER T 5729012, ZFC fbillE
AT ToRER. SEIRHAIO Ta 1 215K ThHo7=DITxt L, EAERKZ O Ty1E 220K TH
-7z (Figure 2-17), F7z. WA L72 FesOq KL ~JERU L TH | WERHE K OVE Ofthod
WM D ZAGITBLIA S L7805 T,

3-2TH L [ARRIC, SRAMEIBFHC Lo TRMEIZR L=, UL, ZOR{EOELRICHE
HT 2L, 1035%THDDIZHL 203 2% Tholz, £72, UV-vis WIL AT kL KT SEM
BIZZ LD 1 T SPI822 @ J XA RITIER T 2 FRVLIKIN S SP1822 X 7 /L DR ZE (LN B
FIZR OGN, 2 TR BB EITERT 20, R 7 L DOTRRLRE S OZEALMRBAEIC
T S e oTz, F O ORI RIT, BEOZERIIKMI N TNDH EER D
iz, BRI, 1 TR T ESARIC I D2 ENROEE X S, UV-vis WL AT R L OfER)
bbHHLTHDH, Mx T, SEM BlEIZ L5 SP1822 X 7 VOREIL, ZDONHOD
Fe;O4 L1 DGR L 275k L, 2 DBERFEEZ RES AL L TWVDH Z E HRIEL TV 5,
L2rL, —H T, 2 1% UV-vis BILART RS TR, ZAUZETRI WL TILARND T
SEREERE LTS, LI LRV 7 VOBREIITA LN hoTe, LLEDRERMNG,
YOI O BAb O RIE, T BRI FEL T 258 BB F-E— A > b & Fe;04 kL
FORMERA 4> & OFBORMAEMERICE > T, BKEFENAE T, BeAA Lz L
WIHAN=ANTHDHEEZLND (Figure 2-18a), L L., IBIRELLEHETHD Z & »
5. 2013 SP1822 N 7 L DIARZEAVIZfE 9 NFEED FesO4 KL DICIRZEIIC K 28 R b

bHoEBEx N5 (Figure 2-18b),

-45-



4
- oo ® o3 e ¥ 0
2t &
*
NS + .
3
Sot $
~
= F .
2t <
_ o
R $ees o
I ¢ .
_4 ' ' ' ' ' ' '
-4000 -2000 0 2000 4000

Field / G
Figure 2—15. Magnetization vs applied magnetic field for 2 cast onto a glass substrate at 300 K.
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Figure 2—16. Magnetization for 2 cast onto a glass substrate induced by UV light illumination at 300 K

with an external magnetic field of 1 mT. The magnetizations were recorded during the illumination from

t =0 min to t = 180 min.
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Figure 2-17. Normalized zero—field—cooled magnetization vs temperature with an external magnetic

field of 0.5 mT for 2 cast onto a glass substrate (a: black circle) before illumination and (b: red circle)

adter 180 min UV light illumination.
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Before light illumination

v ¥ -~ vV v
::~‘o»~»
I'I'IIIIIIIII' Nanoparticles

. .

After UV light illumination

(a) The Changed Dipole (b)
Moment of SP1822

2 TR RN Electrostatic

l Interaction
The Iron Atoms in
\ ; ; ; ; ; ; ;i;; ; ; ; I ;Fe304 Nanoparticles

..................................................................................................................................................................

J-aggregate of SP1822
he Changed Form

T
:: :::s«u:u::\ 1 of The Vesicle
The Shape Magnetic
Anisotropy of Fe,0,
Nanoparticles

Figure 2—18. Schematic illustration of the photo—incrasing magnetization for 1 and 2. (a) Changes in the
dipole moments induced by the J—aggregate of SP1822 induced the changes in the electrostatic
interactions between the dipole moment of J-aggregate and the d electrons of the iron that exists on the
surface of the nanoparticles. As a result, the magnetization was affected. (b) Changes in the structures
induced by the J—aggregate of SP1822 induced the changes in the vesicle structures. As a result, the

shape magnetic anisotropy of Fe;0, nanoparticles was affected.

BEMERMIZBI LT B0/ N S WIEE (A L7 BEMER AL < 10nm) | KL O ES)
TR CIET 7 v CHEBNC KR S TR Y Ml OBSEOE L) CHBET 5 2 EiEen,
Z LC, BRI AR = 3L X —OFHRIC LU, RIS 40nm (272 5 & BER ISR T
YR NVPREL LY FEIEEAIOWEREN H > THRFITBELEZ T L nbh b
PR gt ARIIEER TH D Z L, RES 10nm THDHZ L JIESRN ORI
13 ImT TH D &V oo Z & BRIAFELCHBIEIGIC L > THEATH 5 Z LTy, 1
7T, SP1822 M ] BERIZ L - T SP1822 Xy ANEEMNLMAER L, 26 E6E2T
DM, IO FesOu R FIXZE DB RIC L o THEEIL LRV EEBEZ HND, T7rbb, Sl
{EIER D A J1 = K 51T FesO4 oL 7 M EEET 2 2 L TIEARWZ &R I N D, Fio, AV
2T LT, T EAERIC L DHHMFE— A > b & Fe;04 ki & OB 22 M EAEH Tl
BALDSERT D LW IFERE RO TWN D, ZOIIIEIETZ L DAL R D X T = X LI

DWTHIHAR MR T 5,
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RBMEAFE—A L N E Vo B3R & BERARE & OB OW T, BEERAY 2240
FTRRENTND P 2k b b BEREHE L BRAHE L OMBICIE, BRICHR SN
g7 b (BSRIZE D), AV HUEMHAEH, K= L¥— H—A 4 D)
PEZRVX—ICBITHELHES 7 MDY, RANRER N F CIHEREBRE— AV
~EDHAFEMZ L > THIEE Z SNZBE (B0 R) (L - Tk S,
Thbb, BHEEORE U OF X, INE» O OB DI OK 2@ . £0
GMER LB T 5 Z & THRIESND, Eo T, BMEERBRL 7+ O EFRESG O 2, X
FEZZSEONL ZLARENT WD, £, TNOOBRIT, LFNRFEFRNL S
RE E T 5, Zhang ©1E MnFe,O4 TORLF-~BUNL T Z Bl S H 72 5B ORI L DA
FEME 2 FFAI LTV B B, 20 ZAUEHRI R A B 7S Ko TIER L, B LU
DR & BT 5 & Z OSIFIRHLIZIEIN L, (REFIERAD LTS 2 E AR SR T
Wh, ZHHORERIT, BN KL F~ENL S D Z LT ko T, KBRS MDA
THZEERLTWD, ZOX ) BREEKEFEDOEIL, BT & MR ARk R i ] & D
A B HUEREIEAT D Wb TWD, £72, Gedanken 53, ORI (T~ 72 BLNL
T LT B A OBREE (BIoT a0 MR8 (Th) 2L T0s * filzIE,
T7va—v (OH %) °H/NR U (COOH &) & AR UEE (SOH) 2EL L7286 T
FRACIR R D Z PR EN TN D, O X FARIC, Mok F OB EIR, RIFE72T
WRFT 2D TlER <, RFHICEfL, FaSELn T (OFRICaEFOAREFE S -
TV AN T) SR> TEBRRD d BT~ XITT I L amme Lz, BRIC
E, BRRICEANL BT D 2 & THEE L7728k d BN R L, BRFHENZET 5
ZETHhHD, LD L, HEMEARMRL FICERNLT 20 F PR D LERFE DR D 2 L
ZRLTWD, T7bb, BRI ORKRHEILE ORIBOHES AR5
T BTN ET. FE TG, EFRSHEL VoI Lo THI S D Z L %
RLTWD,

ULEDOWENS PIRT-E—A 2 b b ETHMERBRL T OB EZHIE L 9 5 & A5
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4. &

RENLREK T + b7 u Iy 70+ THY, HOMBENETH S SP1822 LWk En S
NI NI BEREBIVEAT B T D 5 FesOa R 286 L, FIDCINE RN~ 7 L%
T 5 2 LIChP LTe, ZOBEEGMEIA~EN N E RN T 2 L 20 bA RS EL 2 L

WY LTz, 2 ONBAEHIR D A 1 = X A%, SRR K 5 SP1822 oyt EAE(LIZfE 5
BAEERNOFHE SN D) R A-TF — A > b & FesO ORI DR E TSR A A & D
BIHAERICL29RTHD, T70bb, TR LIERALHITED A 1 = X 5% 3FRFL T
Wh, ZOFM-IEEEATEC X o T, MR MEBFORERE & HU M HREE U 72 Hrle g
FURGIHERM B OBRFC R LTz, AT, S OBEAMEHE. SHIEERAEA B O BR S D 728

DOFEFHHIEE LT, —RITIRTR TE D WREEA SR L TV D,

LnL, AZE T L-EAMENL, |IRICHT 2R RITIIR L2728, 2 0
MR E L RV, ZOREFRIT, SP1822 A% Fe;0, ki ¥ ~Mb52fb & CREBEEINL L T e
Z &L FesO4 MR DRI K E N2 (K TH 10nm) WAKICKREREEL 27202
&\ FesOu L F13 3 TITHUKMEREE (o RO R mEEAICEDN TN D) 23 TnD
72812 SP1822 & DWHERY 72 PR 13 < BUR-E— A v b & OFFERRMEAEMFEH R < 8o
TLESRZERHERE LTETFT NS, M2 T, ALK SPI1822 1L J AKAER A L.
HTHALZHIET 272 ODWRATHLEWT + M7 v v 7 OSBRI | KA
PERFICHI CE RS ol b BEZXBNLD, £z, SPIS22 LSO MBI R T
t LB 72 E DR BRI B W TR BEEER L 5 5 Z &nb, AlfitEE R 255120
2R 7ATHEV A TRNEZZDOND, ZL T, —RIUICA Y r BT AA300RME
{EBSIERRIZ IV T, SP AL L PMC AL & ORI OB DT RIER &H D Z LN b, £ D
7o O N BMABOS I U EERMACSOSMTE S0 IRE 20 W o B & 5,
SAERCH AL, SEHIEBLREE B OB O 72 D ORRFHES OBLE L W . Th BT
KN F—HUIEFMARRETH D Z L 2 ER L, LA A v F ORI I > 2 EEK &

LbEALND, Mo T, U bD &) MR EZEE A, RE TR D XA > F
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VI ERREBTAEDIC, TRV LTI T T NN—DES BT,
ARETIZ, ZNET RBE] & LTE70, EMICIEBEE TR KM AEIERHT
B Do AWFFETH I LTz FesOu b FI3 1R CITBE M Th A 720, Bea Tidvn, 372

bHERICB W T H BRI Z RS20,
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Photoswitchable Magnetic Nanoparticles of

Prussian Blue with Amphiphilic Azobenzene



1. F#

52 B CERL L7- SP1822 & Fe; Oy fhi 1 & OB AEMEHL, IR IT DRI RIC
RREN L7, Al R b A A v F o ZIFE S e hoiz, £ T, Kb AA v T &2 E
BT D707 IR TNy T T v— (PB) OBEEERMR,

F1EA-2IHTHMIALIZL O, KET, 7YX B L PB HflAGLEEHEIC
DNTHIAT 5, BibE AL v F SEH720ITIE, SPI1822 D X ICEBE AT T, 7

WA ARV RT AT + e v 7 a2 HnRiTniEn s v, £70,
BAETDICHE YV MBHELEEREROIHLO—2ThH D, LD XD RMmHEMET + b
7aI v I TR ETHL, ELT, RETETYRXUBUICERLEZ, 7TYXRUBY
X PEHERDFEENR RN DI, ZDONERMACSUSDOTHAMEZA e 7 L0 HiENIC
BN TND, SHIT, BUKESCHUKMEIN & W\ o ISR O f 5-0% OO FRER % &
fifi L7282 IR AR LT W R b ERA LBl Th 5, — T, o itk ch s
PB MM LB, (LZHFE (JETE) CTHORMARRMET TELSIZERTE D, €
LT, FmisErEAlc SENEHERE LT A=V OR T b RBIZHERTE D,
ZOWIBMEC X DML AT, AT+ b a Iy s 5 EEAE SIS LIS
PR, F72, PBIES TREMERCTH D O TREKURRE b LB E L3 <L 4081E (UV-vis
WL, IR AT L) IZE S THRGIIPEELTMTE 5, T728bb, A7+ b7 nr

7 oy & OMAAERIZ X 55l 2 KRR 72T TlEe <, B X 5 HEHN D6 B4
THIENARRICAR D, o T HBHMEEALD A T = X L OFEMIRELE & HITITZE DR
HIRIIR CT&E D, Fio, HFREICBWCTHBEMEY Y B L PB 286 LIoAIFE L
TR D VAT L% M, TN B OMTEAERE | LA AL v F DA D =R LDELED
WA AL D Ll s T & 5,

UIFRETINE TIHER SN T VY RUB L PBDY AT LK, DML AA
FDRAT = XL OWTHBIZHAT 5, TNODOT AT AT, WEHEMET Y B &

PB % A A U AHIEIC L o TRETEVEAID D72 5 Xy 7 W~ E LIz v AT A2 RO
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TR —FICE o TIBF~NEE LY AT AP Th b, NS DEAMENE, o TRk
K Th % PB BHEAFEFHORE VL ZRIETH D, RBFFETIX, I T A M TS A
T& 5 (DDAB : didodecyldimethylammonium bromide) 72> 52k S 4153 X B /LiE%E W T
PB Rl &AL, %@ DDAB i X B/l BSMET ' <X E v (C,AzoCN'Br) %
AT 52 L THEHAMBIZ/ER L2 Th D (Figure3-1), 7726, ROV AT A
TiE, PB /ST YA ZThH ooy, AR TIE, T/ 27— VOEASMEHZERL T
Do PRI E > CREFENPHERTHZ 00, A7+ 7 a1 v 750 EMEl
(ZFE D R — A o b &V T8RS 2 521 09 < L, b2 bR m L2 iifs S

iz,

0
C,,AzoC ,N"Br GHa o
N Of(CHz)s*l“l*GzH40H Br
Hac*(GHz)n*O‘@*N \ , CHs

/ (didodecyldimethylammonium bromide)

l?/Br

Prussian Blue
Fe“‘[Fe“(CN)s]

Figure 3—-1. Schematic illustration for compound 1.

T RBR, AR Ko TT Y EB N T R (trans) KD VA (cis) R, A
BN K o T cis -5 trans R~ RMALSORZ K 23, Z O 2R BAE(KIZ K0 3K
HENZET D L & BT, UV-vis WL AT R VORI BN ZET 5, cis IRIZEER
T % n-m B DWW KT 440nm (2., trans RICEER T 2 n-n* B8 OWIAR KT 320nm (2
FRENBI SN S (Figure 1-6) 2%, — T, PB I3 7/ BUAL T %9 L= =R e AN (fec)
s L DEREN T ThY | BREHE oLy br sy e 3y 2 B P iz o0
TR ST D (Figure 1-7), FRICHEMER B E L CTiX. &R OFECZ OMAA D
CEEZDZ LI Ko TRFERAL >, SehEhRbiE P10, EIRIRENE ' & v o T HRE
BT DHRUANZ < E SN TWD, £, kb L7z PB OGN & B AZHFIE S
NHEIITHR-oTEY, Mann B L, 7= R mIEMHEH (Aerosol OT : sodium

bis(2-ethylhexyl)sulfosuccinate) (2 % %3 X B /R VT, ¥ CHRL bicish L ¥, &
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WA & 1% E43F (PVP : polyvinylpyrrolidone) #%7#(2 5% PB ki 1 ORIEEHIE & 2 D
Yo RNHAT LIEBEAFEEZ T LT D 77, LasL, A B E T, SR L HgREr o
& 2% PBIORL T IIARTENTBATE STV RN e DI AR Y AT LI K D KRBV PB ORI 11X
BURES HOBRIEVW VAT LATHD L EZOLND,

Fio, REIZBWTEE AT, —IZ PB OREIIRG ST /BT O 7 DIZAITH
BLTVD T 2 TAMZETIE, PB OBMEESE L TH I EANBEZEICHESES
VEER S DT80, BT A MR EIEEA] (DDAB) % MWz, 72, CinAzoCeN'Br % fii H
L7=#H1%. DDAB ~D LR REFITT 2720 ThHh D, —F T, AOT Z Vi &
JNEIZE 5 TPB VR FIXA R CTE T, T4 RO T4 T R B U iFER
I AOT FI~FRA ST, JIGENE PB ok TI3/ERL T & oo 7o, B4 IZ. Figure 3-1 5
HLOMDHE I, RVAT AFHIBVECZL>TEEGLTWS, iE-T, PB kit &

C12Az0CeN'Br & DAL FHE AT 72 < FFEMRMAEERIC LV EESh TV D L EALND,
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2. EB
2-1. UV-vis RINARZ MV T PB v A RKESROFHE

WAL H — SRk T (FeClr4H,0), 7 =V 7 Ak U 7 I (K3[Fe(CN)g]) 1EFIED 5
BEA LT,

FeCly-4H,0., K;[Fe(CN)s] & £ ZAVKIZEME LT (30mM), % U 72 KR % [RIIRFI2 0
A, BEESERDDL PB anA FREEEZSZ, WEILZ, Z0anA FREEZ#EYIZKT

AR THEH L, Son=HERMSIL, Figure 1-8b Th 5,

2-2. L7 PB DA

FeCly*4H0. Ks[Fe(CN)g] & LK L= (0.1M), F%& L7z 24 & OKE K % 7]
RRICHNZ, WML SRS E, an A FKEKZEODBES S, R LZ b 0E2KICTHE
WL, R sE,

KREROPZNUBEDEIZONTH > TWD DT, ZOFEITIBUWTEARM 2 MM 2 1%

COIZBIRI,

2-3. WFAUEFEBEMNET XU B (ClAZ0CN'Br) DA

p-= kv 7= /—/L (p-nitrophenol), 1-7 2 K7 4> (l-bromododecane), 1,6-7 1 E
~%F 4 (1,6-dibromhexane), N,N-3 A F /L ¥ /) —/)L' 7 I (N,N-dimethylethanolamine) .
KL U 7 2 (KOH), H#ilg (HCD . fithe 7 F YU & (NaySO4) . KB /L2 7 2 (CaCOs)
xF)xz—5)L =X )—;L (EOH), 7 hv. Zaouak/Lh, BifeoF L, ~FH o,
AR ATFED DA LTz, B RUE GRS HE > TIRD & 9 12E K L7z (Scheme 3-1) 2717,

4-4’-Dihydroxyazobenzene (Azo-1) DOE&ER'>

KOH (50g, 760mmol), p-= kw1 7= /—/L (10g, 72mmol), 7K (10ml) ZH#L 1L &
HIZFT AT T Aa~A, 120C (IER) 12T 1 MR- 72, £ D% 195-200CIZ EH-SH 5

PP S ¥ o, BUSKRPITA 1 BFRIFRE TARAICEA L, WEBIZH L < RISHBA S
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oo SUSH, EIRE THRM Lok, KIS EHERICTpH 25312 L, ZOr, &
RITFEGaER L, TO%, VoFILo—T I T 21T o 72, Na,S0, &z —
B MKFLE ST, £ D%, NapSOs & AR, 4 s MRS 21572, /K/EtOH (v/v =
1) BAEBIZB W CTHAERZITV, EHafih Azo-1 24572 (2.8g, I 20%)

4-(4-Dodecyloxy-phenylazo)-phenol (Azo-2) D& '

Azo-1 (0.56g, 3.0mmol) % 7 & k> (50ml) ([ZIAfE L., 1-7 2 R4 > (0.75g, 3mmol)
CaCO; (0.6g. 4.3mmol) %Mz 7=, % 80CITHD., 22 BEFIMBGER 21T~ 7=, #ig s
n~ 777 ¢4— (TLC, ZmudR/bh BT F /=4 : 1) [T TSR OSSR 2 fife
B L70, AZo-1 \ZIXSS A & T & 5 7o O B L I T T AL LTz BV D3 15
Sivlz, =IE., B FE TR LAHEERIC C pH BRI Lz, TD% 7 v rakiL AT
I 24TV, NapSO, Zi N A, — BRI S E72, NaSOs & Hhll, itz FrE L
fma g, YV ATV a~x 7T 70— (ZaaRvh  FigE=F =50 :1) 12XV
SYBERS LA ATV I R B Azo-2 (0.17g, UL 20%) Z157-,

[4-(6-Bromo-hexyloxy)-phenyl]-(4-dodecyloxy-phenyl)-diazene  (Azo-3) DA RR'*'%

KOH (0.17g, 3.04mmol) % &M & LT EtOH (35ml) (2 f# L. Azo-2 (1.02g, 2.66mmol)
1,6-¥ 7 mEAFH L (2.08ml, 13.5mmol) ZMNRZ 72, MEE 100°CIZR G, 6 REFDINEGE i
Z{To72, TLC (7 muk/v Al BT L=30 : 1) I X > TR OSURRER 2 g8 L
Tz, BEE, RIBRE THRET D EHARBYRAEONT, ZORBYE Z XY KT
Peif LB U /EOH (viv=l) IRA TR CTRAE R 21TV, s Efs s Azo-3 21572 (0.49g, X
H65%), Elo. ~FV U THIFT D HMIL, BRI 1L,6-P T n AT UERS LD TH

o

{5-[4-(4-Dodecyloxy-phenylazo)-phenoxy]-hexyl}-(2-hydroxy-ethyl)-dimethyl-ammonium

bromide (C;,Az0CeN*Br) D&

Az0-3 (0.50g. 0.95mmol) % /b= (30ml) [ZIEfEL, NNN-U ATV H ) —LT I

(2.63g, 29.5mmol) ZNZ 7=, MWE%E 130°CIZHEDL, 70 BEEINBGE K 21T -7, TLC (7
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o R LA R V=30 1 1) (S TRISR M OSSR 2 a8 Uz, &Eitfg, EiRET

HmT 5 LAY PI G ORI, ZOWLEYZ B U /EOH (viv=l) IREHEE LD Ffkk

ERAITV, B SR CAZoCeN'Br 21572 (0.39g. IR 68%)
FNENOEBRIC TR LN T Y RV U iBlikiL, BU1FMICRETh D rrans 1K

LEZ5ND, fE- T, Scheme 3-1 IZBWTIX. trans K TILEMZ R L ThHh 5,

2-4. CpAZoCN'Br&#A L7z PB okl 7 D ER

DDAB (didodecyldimethylammonium bromide) % Aldrich 2> 5 A L7, PB R 1 K& O
JEENE PB kL - OVERUCE L CIEF LA BB IR D X 2 Icdm Lz %,

DDAB (0.23g, 0.5mmol) % h/Lx=> (5ml) (ZEMEL7Z (0.1IM), Z OIEE~ERK LT
C12AzoCeN'Br (13.1 g, 21 pmol), FeCl,*4H,0 (29 g, 15umol) &Nz, BEHSEE
i, ZOHBIERRITILE DN EEWE TH D, —F T Ks[Fe(CN)g] (0.30g, 0.90mmol)
IRV 2 FHE L 72(0.3M),  Z O K3[Fe(CN)o] K& (0.05ml) %4y it~ T LI L < ik
Sz, ZOMH FEIE W=5 (W=[H,0]uo/[DDABlmo) 12725 X IZFHHE L, M FLTH
<& WEITHBHEN L FEHE~EEL, FICEL AR T 52 N TET,
Fro, I vNE2ZEMSELOIC, 1HBZOEERE L, ZOHET S, Frioibk
MES ENWICHEL TWDHDREE > T, £/, EBSEMHICEB W T DDAB &
C12AZ0CeNBr DE VLA EF L7273, 2 DFE LD CaAzoCN Brs il LT 2 R DT
B 5D, ARHFFETHM LTz CAzoCN BrIZRFEIOE SIT L o THEARSHE I E Vo R
AR BELENREEZ TR T 5 2 3 6TV D (Table 3-1) ', HRIC, AHFZE TIEHABL O
SN ERRT DREK 12 L 6 DMABRDLEICL LAY EBIR LEaK Lz, /ERLEE
BV A BE IR CTo B~ v 2 b LERREOWMEZ TG L7, LT, ZOBEEHE

b5 1 (Compound 1) &35,
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Azo—-1
Azo-1 + 1-Bromododecane WH3C_(HZC)1°_S_O@N/
2
Azo—2
KOH
Azo-2 + 1,6-Dibromohexane
EtOH Hz Hz
/N 0—C—(CH2)s—C—Br
Hac—(H20)1o_C—O@N/
Hy
Azo-3
Azo-3 + N,N-Dimethylethanolamine ————>
Toluene
H H ?Ha
2
//N‘@fo—c_(Cth—Gz—N@—GzH‘; B
Hac—(Hzc)w_C_O‘@\N (|)H3 OH
Hy
C,,AzoC,N*Br-

Scheme 3-1. Synthetic scheme for C,,AzoC;N'Br".

Table 3—1. Spectral characteristics and modes of aggregation for CmAzoCnN*Br1~.'%*

CHs
N@O—(GH )—r‘1®—0 HiOH Br
/ o en B G, AzoG N*Br-
Hsc—(Hzc)_—o@N CHa
: 10, 10 :
m, n 8,10 12, 10 : ’ : 12,5
12, 6 :
Amax (nm)  ca. 305 330~340 L A ca ST : 380, 300
-1 4 4 : - L : 4
€ (cmM™) ca. 1.7 x 10 ca. 24 x 10 : (B) ca. 3.0 x 10° : ca. 34 x 10
_ _ (A) J - like — aggregate
H — aggregate H — aggregate (B) monomer J — aggregate
smonolayer «bilayer (A) *bilayer
eparallel state eparallel state ebilayer otilt state
1 otilt state B
: (B :
o & °molecular - dispersion = oo .o

LR .

This work
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3. MRRUOEBL
3-1. 7L PB OB
SRIBIZEB T B EARIED IR AL h L & SR & VORI T 5 [E AR RE D *'Fe Mossbauer
AT R VKT SQUID (2 & » T/3v7 PB ORI 28 Z 72~ 7=, IR A7 kv (HI&E
AEHTE A K Z KBr 7 4 A7 IR L2 b O &M L1,) 5 2082em™ (Z WAL &
7= (Figure 3-2) , Z UL, 851 A4 > B CN M#EEBI TH 5 %, RIEIZH1T 5 “"Fe Mossbauer
AN RUCiE, HEAR (Isomer Shift : 1S=0.250mm/s, Quadrupole Splitting : QS=0.395mm/s)
& —EMHR (1S=-0.282mm/s) NENFHEBIH S 7z (Figure 3-3a), Ziuid, PB @ Fe™S &
SRR L, ZFOREER (%) 1% Fe" /P! 5=542/458 ThH 7=, Ei-. 9K TiL,
Fe"™™ (kN9 5 T EM (1S=0.37Imm/s, QS=0.432mm/s) & Fe™ ICHIKNT 5 —EHE
(IS=-0.194mm/s) ANZAENER S, FatR (%) 1 Fe" " /Fe°=50.1/49.9 TH - 7=

(Figure 3-3b),

=

fE T, AL ORI EZ ImT 2B W THIE Lo R, KIS (To) £/ 5.5K
(R L7z (Figure 3-4), —#RE9IC, TN T v 7 —DBEEMEIZIEREMEIR +Tdh 5 CN H
A LT, F™ & R L 2 MR B MB X . ZOERAET DHK[AE U HO
TEAIC L DB EAEAOHETH D P, & DI OBSHKAT % 2K B W CHllE
Lzt ZAh, EAT Vv A GEEBBL (Ma) =13x10'cm’mol'G, {#F&7) (Ho) =2mT, £
st (Ms) =7.8x10°cm’mol'G) %% L7= (Figure3-5), 2D X 9Tt AT U T ZHR/PAE N
PREIT, fee MEIZHIR L, BIMWNNSNWZ EIZL D, £2, B FEIZIR AT L
MOV XRF (Ko THRIE L7z, - T BEKUIE Ot E, 7 F&ICK 28 bz L Toh D,

Z LT, PB OHEIEREIZE L Tid XRD, #kA A > DffE =R/ F—IZB L TIE XPS (2T

ENENHE LT, ZNOOREMFICELTE, HS5EIRLTH D,

3-2. BEMBIO TEM 82K Wik 3

1O TEMBLZ LT= & 2 A CEEPRIEENY 2.99 0.9 1nm Ok 1 2378 T = (Figure 3-6a-b) |
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Figure 3-2. IR spectrum for bulk PB at room temperature.
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Figure 3-3. "Fe Mossbauer spectra for bulk PB (a) at room temperature and (b) at 9 K.
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Figure 3—4. Field—cooled magnetization vs T at H = 1 mT for bulk PB.
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SOk GOEER 7 — Y =& (FFT) f#ti6 PB Th o Z L iER TE 72 (Figure
3-6c-d) % FE7o. ByR X BENT (XRD) TIIMOKI 7% 4B, ML &5 72 B
SiElENEA] (DDAB) A& LRV FHET 5 Z L8 TEARV, UL, DDAB ZH Y BR< &
BE LT Y RUBUFEE (CpAzoCN'Br) bEAMNTLE S, >T, TEMIZLD
K5 FFT ATIC L 0 PB L& Lo, 72,1 OWMERHTi 2 7 2 72912 UV-vis WX,

IR A7 ML ERIBIZEB O THIE L7z, X UOIC, UV-vis LAY bV EHIE L E 2

. JEHRBETRTIE 360nm (2 C1aAzoCN Bric i 57 VR ¥ U D trans IKICHKKT 5 n-n*

8
]
[ ]
S 4 &
g R -
5 0 S [
(2 goge ‘
~ 2 )
>4 LA .
. -8 0 8
Field / T
-8
-10 -5 0 5 10
Field / 10T

Figure 3-5. Field dependence of the magnetization at 2 K for bulk PB.

D=299%+0.91nm
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Figure 3-6. (a) TEM image, (b) size distribution, and (c) TEM image of superlattices of 1, respectively.
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Frequency / %
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(d) FFT diffraction patterns of selected area for the PB from the TEM image of (c).
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BB, & HIZ 681nm (2 PB ki D8k A A o BRI A (Intervalence Charge Transfer
(IVCT /3> R @ Fe'l(th")-CN-Fe"(to e ) DML EN) 2B S (Figure 3-7a-A), 7
NUB U ROZOFERIE, 2 DO FERWINABI S FL. trans ARITEIKT 2 WG
& 320nm O n-n* B L cis RITHEL IR 9 2 WA K & 440nm O n-n*iE 5 & % (Figure 1-6) ,
AREECTHRL L 72 C2Az0CeN Brid, Table 3-112 6 & % K 912 350nm |2 n-n* B DI % 7~ T,
— XA 72 - B ORI RIS & & B 2L, 2 FHND O D AREFDORE (B
FHeEME) 1Tk o> TR EARRES 7 F LTS P, £7-, EROOHRFIZL D
&L IRFBDFEI D CuAzoCN'Brit HEGERE BT 5 & n-n*IBH OWLIR K R 23 B
By 7 b, ] 20K ERRTLLEREY 7 M5 (Table 3-1) %, KEcamk L
C12AzoCeN'Brid, SCHKME (350nm) KV A FREKE S 7 FLTWH23, Z4LE DDAB H»
RO TFEAEANTFASINTEZ LIZE D0 FHOMEEHDOIO EEZ 2 bILD, £,
B L7z C1pAzoCeN'Briid ML U HUZIHIE & A SRR L7223, DDAB Z/1% % & ikR72
BT 5, T72bbH, CpAzoCN BriZd G a7 5 2 &72< . DDAB [~A[E{L S
. HESNTWDERBIND,

BT LT YR B U EON R ZBMLTL 2 A, BANEZRE T L L
CipAZoCN'BriZH17 27 Y RXUB U ED rans (KOBKENRAD L, T ELTH L0
470nm D cis RIZIRIE S5 n-n BB S 7 (Figure 3-7a-B) ., fiel T Rl % B
32 & cis ROWSLEN BT 2 & RIRFZ trans ROWSCEESHEI L, "R 722 LB R L
FOG R T & 7= (Figure 3-7a-C), —XMIZ, EEHOT X8O RMEIX, £ D
NARFEE DT DI Z 572, ZONEMALRIE, DDAB 23~ U w7 2L LTIER L,
BT BB L T ANR—2AZRMIE L TVD ZENEZ L., DRICEBREIZBNTD
A EMHER B TE L BEALND, Thbb, ZOIZLnb b CpAzoCN Britif
THEEL, "W FED X 1T o TWRNWZ EDVRIB I D,

VT IR A~ bV XY PB 0 CN RffEHRE) 2 SIRIC CHIE L7z & 25, 2073em™ LY

2100cm™ (T IC FNZNBLN & 4L7- (Figure 3-8), 2073cm’™ 13 PB 0k D 8% A 4[] CN
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RSN &R R S, 2100em™ £ IEOWLILIE PB #oki 1 O AR CN RSN THh 5 LRk &
N5, ZhiE, PB DJFEETH 5 Ks[Fe (CN)e] D i#HED CN {fEEEN S 2118em™ (BN D =
&R PB O PRI o TIRREIC KT 2 REFED IR T 5 LW o IBER 2 6 | F i O EHfE
® CN HAFEIREINBIH SN D TH DL EE 2 HND, U EOKRG S PB BRI 1L,

S DRI TH D Z LRSI,

28
3.0 g 26 - 2.72
@ & Lo wffvie | 2R
2.8 K -g 22 O: 2.69 * 4 4 . .
g 26 Y© £, 8 2566/ \ UV/ ATl 4 4
§ 24 ' ® 963l \ ! 1 ] ] !
€ %50 300 350 400 [450 500 O / / 4 / ;
_§ 22 (B) Wavelength / ni % 2.60 II Il " ,’ Il
2 .
< 20 5257 “vis ° 4 4 ,
18 2 254 A
1.6 2.51
250 350 450 550 650 750 850 0 6 12 18 24 30
Wavelength / nm Illumination Time / min

Figure 3-7. (a) Changes in the optical absorption spectra for 1 due to photoisomerization at room
temperature. The initial trans state (A) was first illuminated with UV light for 3 min (B). Then, it was
subsequently illuminated with visible light for 3 min (C). (b) Changes in absorbance at 360 nm by
alternate illumination with UV and visible light. Each illumination was performed for 3 min. Reversible

photoisomerization of 1 was demonstrated.
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Figure 3-8. IR spectrum for 1 at room temperature before illumination.

3-3. SRS S HEM B OB
1 DRSS % SQUID (Z TRkl L7z, 1 Uiz, BYLOIREEFEM 2 ImT 1B W CHIE
L72& 2 A 45K (=T BKESBIREE) LL N IZ3 W CHgEM A B/EH 27~ L7 (Figure 3-9)

BN TRAL DR E 2K IZBWTHIEL7ZE Z A, ERXT U R (WAL (Mp)
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=1.93x10emu/g, £747) (He) =2mT, fafififlt (Hs) =0.83emu/g) %7~ L7z (Figure 3-10),
sV PB EHBE LT TR U TR VRIRAV NS K Ao 72 2 ST K DA LB S 7= A3,
EAT U TR LT EEAEBEBORALNRWNEDRD ), 7L 7 PB LD bEFRE
Ko TNDZENMERTE D, PB OBERESGTMEI/NS W LITENE L7z X 51T fee M
\CHRT D, ZOEAME PB ki) Ot AT U AN/ULs PB &l L TR E 28
X, FER 2R FOSHIZ I T DRI AL DT DITHESPED SV 7 PB &7 5 Z L3 Tl S
Do Thbb, R FABIC - TRHREBRETERKELS Ko TNDH I LNBEZLND,
JERREHT LR 5 BEAAEOFE 2 1mT, 2K IS TiT-72 & 2 A, SAOEIRENIC L v Bk
6.01x107 225 6.04x107emu/g ~HEIN L, AIHERREHC L D 6.04x107 7205 6.01x107emu ~J
b U7 (Figure 3-11), Z OBMLDZEAHFIZ05% TH D, £z, LIAEHEICL VML=
Bafbid, s fedy L7 2 2RI WHDEZRE LR NITCICR L 22Tz, W]
BUCHSIT L 0D Lol b E 7o BRI AR RS Lo £ ST EES | SO E IS L2
NWIETCITIFRE S oo e, TR, JEIREHTAE 5 BAO2) R CLREE B E NITRRE DI X
VYN ET EFLTLEN, BOZRITEETERND, B\OREGET D720
INHOERE LTS, o T, KRHFBZICHHARMEZLE, REIENOREZZRE L
T DIREIZR LI ZICET 52 L TRORTIEIRNZ LR RINTWD, i,
C2AzoCN'Br 284 L T2\ PB KL 7 (GRRIEIIAR 2 - 2 T L [AIER) ~els 2 L7z
R, R DAL K OV DA O WIPEZAVITBLRI S 72 o 7o, RIRRIZ/ SV 27 PB b G HRES
DB SN2 o7z, BLEDORERENS | HEHIC L DB LD BB DR T
1372 < A L72 CrAzoCN'Br b > TV 5 LRBE I N5, T7obb, ZONEMEAA
Y FIXFRND CpAzoCeN Br D EMALIIRIC L o CHIE L Z ShizZ Evrmlsinbd, =
DRI S PB kL DR EAL A B LT 572912, C12AzoCeN'Br & PB #eki1- OO FHBS
IZHEH LTz, 77205, CpAzoCN'Br O 7 /' R B U OIS, PB ki 1@ IVCT

N RR ON HfEREI A~ E D K 5 1T 2 MIE L TV D0 E A L > TEE LT,
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Figure 3-9. Field—cooled magnetization (FCM) vs T at H=1 mT for 1 before illumination.
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Figure 3—10. Field dependence of the magnetization for 1 at 2 K before illumination.
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Figure 3—11. Changes in the magnetization of 1 induced by UV and visible light illumination at 2 K with

an external magnetic field of 1 mT.
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3-4. CpAZoCeN'Br& PB I F & DHEEADEE

T Uz, EIRIZHIT D UV-vis BIXA LT bV LD 1D CaAzoCNBrd 7T >/ B3
(TR b 2R LTe (Figure 3-7), & ORI ZOGRMACSRD—57 T, PB ki 1D
IVCT /3 FOWNUBRIE RPN FEICRI TRIER 7 N (7Y N BT trans K025
cis (IR~DOYEMEAL) . AR CEIRE S 7 b (cis (KD trans (R~DYEMEAL) L, =
NN AT 22 B L3 B 7= (Figure 3-12), HiWN T, SIRICB W T, JEIREHICHE S PB
PR - DEkA A > D CN MFEIRENDOZE(L % IR AT MUIZ XTI LT & 2 A, %4+
TR K 0 AR~ IO RRGHT & 0 @B~ Tz 24k L7z (Figure 3-13), PB
ORI+ IVCT /32 RR> CN fffEiREI D28 k%, PB bl - DEFIREERZE(L L T b5 Z &
EaRLTWS M2 5o T 2 K S 7 PB KL DO HARFEDZELIE, Ci2AZoCeN'Br
TR BUREDONBEMALIC LD RICE > THIEEZIINTVND Z L AR L TN D,
BARBNZ, 7Y N B U EEO RV E 5 BAF-F— A > b DZALH PB POk 1 D i gk
AF L DEFIRE~ELRTT L T EOEFIRENE(LLIZZ L TH D, £72. UV-vis
WX AT v K IZBWTHIE L& 2 A, CpAzoCN Brd 7 Y R 2 BT Al i7s

SEMAL AR L PB ORI D IVCT N> R b 72RO #7227 b %7 L7z (Figure 3-14)

2.2 g 690
[ =
’0 () (A)\ ®  (© Eeasl ()
(] ) '8
° § 686 /
§ 21 - ooal A VIS A, 4
S o
219 > 682 ‘
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Figure 3—-12. (a) Changes in the optical absorption spectra for 1 in the region of the IVCT band from Fe!
to Fe" in the PB nanoparticles by alternate UV and visible light illumination at room temperature. The
initial trans state (A) was first illuminated with UV light for 3 min (B). Then, it was subsequently
illuminated with visible light for 3 min (C). (b) Changes in the IVCT band from Fe! to Fe™ in PB
nanoparticles induced by alternate UV and visible light illumination. Each illumination was performed for

3 min.
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E B2, CpAzoCN'Br A LTV, PB K122 FRE L7220, RERURME & [AIfR
IZRRHICE RIZR bR o T,

SEHREHIT A PB e - D8k A 4 10D IVCT /3 R0 CN (HIffFIRB O Al itfi7e > 7 M i,
C12AzoCeN'Br DT Y N B U B DRGSR LIS LTV D Z E VR STz, 3772
HH, CpAzoCN'Br DT Y B U DN BMAIT A, 5 W& — A > F DL E PB
WA RIEOFA A 2 PEFERREEEMN 2T 5 2 & TPBIKLF DO MFrEN L LT & &

ZoN5, £7-. PBIKFDO8A A MO IVCT 23> R ONCN HFEIRENL. Z OIS
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(b)
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Figure 3—-13. (a) Changes in the IR absorption spectra for 1 in the CN stretching between Fe" and Fe™ in
the PB nanoparticles by alternate UV and visible light illumination at room temperature. The initial trans
state (A) was first illuminated with UV light for 3 min (B). Then, it was subsequently illuminated with
visible light for 3 min (C). (b) Changes in the CN stretching between Fe" and Fe™ in PB nanoparticles

induced by alternate UV and visible light illumination. Each illumination was performed for 3 min.
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Figure 3—-14. (a) Changes in the optical absorption spectra for 1 in the region of the IVCT band from Fe!
to Fe® in the PB nanoparticles by alternate UV and visible light illumination at 9 K. The initial trans
state (black line) was first illuminated with UV light for 3 min (red line). Then, it was subsequently
illuminated with visible light for 3 min (blue line). (b) Changes in the IVCT band from Fe! to Fe™ in PB
nanoparticles induced by alternate UV and visible light illumination. Each illumination was performed for

3 min.

-68-



LD TWDTIeH, ZNONRELLIZE WS Z L, ThbbBKAMENRZL L2

EERFEHL TV D,

3-5. JSEIRHNTHE D BALDEIL L Z D A T =X K DFFH

PB 0Kz - DI HRIHT A 5 WAL OHIEEE, PB 0k 1~ IVCT ~X > FX° CN iiffifiRE) & v o
IMRHE DRI Z 5 Z I X 5T, CpAZoCN'Br DT ' R B DI RMEALICHE S
BABF-E—A L b & PBIRL T2 RFENRIHEERTH L Z LAVRIR SN, 612, £
5 OBIG KRB LEZ A O T DI DO SCHER S bR T 5,

PERE D IX, BRALFIEIC L 5 TPB O#A 4 OB FIREEZZLIE, TNETNOE TR
RIS BT DEEAFEDR M 21T > T 5 P, ZOfE R, PB ORKAFEIL. k1 A4 0%
IRRBIIRAE T 5 Z LR SN2, 18 4-2HTHIR~Z X 212, PB (Fe™ (ty,e,”)
CN-Fe"™ (t,,%e,))) DEFIRIEICIHNT, Fe'™ (tle,)) @ t, 8% 5o - 75, Bk
LT Fe'™™ (t,e,)) (C—H#FRRTEILT D, E7z. PBONMD Fe'' £ 41T tyy & e, B
BEOW T &b EA O A AREE TNEBRIEIEN D 7 — 1 R I DR
B2 0 x VX — AR E IREZ IS Z &7 % (Figure 1-8), £ D5,
Fe"™S e F" N1 o2y (0 B) FUNERIET D, o T, 2D KD 7 Fe™S

BT DA BAMKHM AR 25 & 2 L, PB X 42K GBE /L7 #55 Tl 5.5K
2 TeZnd 08, ERUEFRIFIEIC LD LB — R & £OMIEIT 2 IRouiITie b7
DRTCEDIR T NE SV T FEE I D b Te MES 2D B2 6 5,) LLTIZR W TRt
HAERBREIL TS, —H T, PBOEFIRIEE F'™ (%) -CN-Fe'™ (,'e,)) ~i
T DL, Fnn F (W h LR £ TOETOEMOMNARIERELS 7 —a UK
DT DI SNBEFRBEIZ 2 S0, > T, F"™ BT 5 A B R 2D,
SREGIENR > O H R~ & RERUFE S 2 E T %, W12 PB % Fe''y[Fe! (CN)sls ~FR (b4 % &
Te \ PR 2 TN 5, ZAud, IBEHERE (Fe'™™ (ty'e,")) @ th BAIEIZ 1 DO AR FE 1~ (Fe'™

(h'es)) MELBEZDTHS,
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Fro, ANBIFTAF A M@+ (PVP) Z 8 L7z PB ki 7 DRI © 8k 1 A
VD IVCT Sy REBEIL TS 77, 2ol LhiE, PB KL 70 IVCT /3> Rix
IR Z I K> TR L L TW D, ZHUE, #38 L7o@m s T OB 2 iR

B> TEY , @ e L TV EREEOEERCR M EHE PB kL3 i ~HH A
TER % RAF L2 DOFER PB KL 7D IVCT /N2 RRZE(L L TWD L FhITWH,MZ T,
FI2 D T F A4 M4+ (PDDA : polydiaryldimethylammonium chroride) TH#E L CTH. %
D IVCT N> FIFZEEL T D, ZAud, PB i+ D CN £ & 5 A FEM & B #Al T
LT ARG TOREXRHEEHE SN TND, ZHORERIE, PB kK
DINRE BN, kA A OB IREELELSH, 14 A O IVCT N FEE{bSHT
WL Z EZRRLTND,

SHOIZH 2B THHMA Lo X 51, BEMEARRR 7 ORKURFIEIR. £ OFREIRIBITIRAF L,

INIEHES BT D 2 I Lo CEOMEED 832 P02, bt
7+ b7 nm Iy 7 oy FONRMAIC X 2 BRFE— A 2 N DSEMEARORL - O Re (2 K~
S NAET L RERFIE N BT .

U LEDORRE Y PB R REDOIMBEFEZ P ZNT D5 LIZE > T, $kA A DEF
WAL, ZOMKEMES E1BT 22 LRBTE D, bbb, KTVAT LT
TG L7z CoAZoCN'Br DT ' R B v B RMANIZ K 2 WR1-F— A > b DA,
PB ki - o OAMIEBLG 2 HIHT 2 Z LI k> T2 OBMERRIBE I =& b5,
ZLTC, INFETEHA AL OBTIREDOEAL LR R TE LN, HiCgka A ooz &
EEWLTWD, BIZIE, M 326 24 (24l 3ffi) ~Eb2D L5 72RE(TH
AUE. PB ORI D8k A A L [#0D IVCT /S RX° ON (HAfEHRE), & O OREEA KIRIZZ b
THIETTHD, LaL, IVCT N FR ON W REIO Z(ITENTH Y | BAbZ{kIZ v
2o T 05%E W I D THS B TH D, 16> T A A UMD KR E RZE{IT2< 6+
(0-) REOBNRENTHD EEZOND, DLEORRZEE Z T, AWIZEICIKIT S PB

TRLF D SEREAL I D A T3 = 2 L DR [X %759~ (Figure 3-15),
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| The Changed Dipole Moment
of Azobenzene Part
Electrostatic

Interaction

__PB Nanoparticles
AN i
trans form cis form
small <= Magnetization =9 large
Figure 3—-15. Schematic illustration of the photoswitching of magnetization for 1. Changes in the dipole
moments induced by the photoisomerization of C,,AzoC¢N'Br” induced the changes in the electrostatic
interactions between the aso moieties and the d electrons of the iron that exists on the surface of the

nanoparticles. As a result, the magnetization was affected.
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4. &

C12Az0CeN'Br' % DDAB 75 72 53 2 VO Al LN R 2 A L THEA S, FilbLsE
PE PB ki - OVERUZ K L7z, & LT, CpAzoCN'BricisiF 57 /R v o ik
fBIT & > T PB b - DR ME A A OEFIREE L E T, TORE, £ PB ki +
DAL D W72 HIEN ) LT, S OXBALHIEH O A D =X 0F, A7+ Forw v
3 F DBRET-E— A 2 b EHEMEAHRL T ORBSIEA 4> & OFFERREENTHY .
PERDHE LRERDONRTH D, ZOMBIL, TERNPOIRREN TN AN =X L %58 <
T2 THD, LL, ZDOA A=K N EMERRGH OB D IIFE LI IREHC
DBALDEALRIT, 0.5% D TNENLDTh -7z, — T, (RO~ 7 i #2LB
BErp 2 CHEAE LIc v AT AT, ZTORBILERIIZNZN 1%, U%THD, ZhbHD
SERALZEAL R DENML, SERALHIEIO A B = X LIZBWT PB &7 VY R_RP o b OB
FEERCIAZ, Y AT LABENLEER I &5 PB DRROMKETHEOGR b D &
Bz bbb, PBlfec 2 LTWAHDT, ENICHEKET T NS NP Fhabt =
S FIEREE Z TR L TV DT 7 R0 LB N~ A LT, £ DY AT LR Z O
BRFEE AT D28 THDH, UL, F2FD SP1822 & Fe;O, b 1G> AT AT
BT H, SP1822 XU I VDGR B RFFERIE O — S DER L o572 Z LB bk
PCT& D, FLINLOUEKRD T AT AL, SP1822 & Fe;04 b D v A7 L LV b I
ICHEESNTVDZEND, VAT LAREBOZENBNLDOTHL EEZILND, KA
T A TITHS I REATHDLDOT, FFIZ CnAzoCNBrd 7/ R U8 i e
PAEDRTZIR A S &5 2 EI3B AN T AT LBRROZBITHE S BRI
RIS NTZDIT, WALDEAR S E TSN b D THDH EEZBND, > T, Tk
PR TH 5 PBE MWD 2 HIX OGRS K 2 RERIRE(R RIAD D v AT LA ThiE,
GRFHEDORE BB NRIFCTEL LERAOND, Fo, AETITE I BLVELZFIAL
C12AzoCeN'Br & PB ki -2 A L7=h, £ DEAEMKL T2 1ER4 2 9 2 T C1pAzoCeN Br

DO E 22 Z LN TE T, PB A 112% LT C1AzoCeN Br OEIE 1D 72 Ipo
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TLlEolk, ZIT, 7TYNUBUFRE (B 7x bornIy o) AFTHI®L
ERE L. F O CREMERMEL T2 AT 2 2 L3 TEIUL E 72, HMREMED R s fE
T& 5, DFY ., WA IO L CTHAEERT28% 7+ b eIy 7 rodla s
WIS ED ZEMTENEBMEELR B RESRDEEZDOND, KEIZ, 2O
LB/ NEL 7ol RKOBERIT, R1%Y PB ki 1- & C1aAzoCeN Br & DB DAL 545
ANV EThD, TOREE, PB KL & CiaAzoCeN Br O ER 22 FEEEANE < 725 C
LESRZET, 7YX BUVEOBRAE— A ~ & PBIRLF DA A4 & OFFERR
HHAERRIWZ & ThDH, U EOBEBENDL, R AT A TIHINBALZLE D T/hE
WiER E oo LR E D,

BIFFRETIE, ZNOOBRBEREEE X MBI Z L TR, Zoho—oL LTT
VI RR HER IR (y-Fe,03) ORI ~ESREM L7 AT A0 BRIZHRE ST
58, ZOVAT AT, BAOTE GFIBATIEARY) CHOEBESRE B A 4r~TY
NUPBUFHER RS ETND, £ LT, TORBIEEIERITN 10%TH D, 77205,
A AL LTI RUB ORI T T — A 2 N OBAEBBAE BT KE LS FEHELTWD &
R TE D, 1o T, NHIBERBMEM B OB DD OMERGHE, A7+ F7r Iy
7 5y ¥ e RO ~ME BRI K o THEEEMT 2 L NRBEETH L L E BN
5, ZLTARMZE TS, Kb E RO m B2 B LIEGE. R0 7 Yy RXUBUHER
% PB ~EIEEMITE UL, S OICKRENHACHIERHFTE 2 L THISND,

L L7es b JEAL AL RIZTE D & 9 it 2 I L THHRKANT 10%TH S5, 4%,
BVEROR - AR 7 + b7 v 2w 7 53 T OB 2R il & A HIE LA BEAER 2580 5
D & D BMERERE 2R AT, LB bR DM ERZ DT RA TN DD, 1LY Ak
T brm Iy 7o ORI XD BIGAE— A 2 N OZWRBBENERAS KT TR
FRAR DD EEZEZBND, £ T, HWEELRDm B, ZORALHIEOF 72 A F
S RALDRTRETDUEND D, T LT, TIOLOHMNEERT L2 DIH BB

DIRBEVPLETH D, £ OFBRMERERENE LT, JGIT & o THEMAR 2 MRS D Bt A A
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1. FF
1-1. ThE COEAMEIEBE

(Il

INET, AT+ b7 v X v 7 o1 & BRI 7 DA HEIT K o THHLZ GHIE R
WEMEMORL F 2 BRI L C & Tee ZONMBALHII DO A B =X 8%, A7+ ho vy 750+
DICFRMEACIZ K BB T-F— A > b ERMEAEBRL T O R EDOREA A L OFFER 2 A
ERTH D, LarL, THE TR L7l BRI 7 O L D ZE (L 3-IX, SP1822
& Fe; 04 ORI - D AMELCITH K T 5%, C12AzoCN'Br & PB ki - DA CIE 0.5%
LW T/NSWNWHEDTH -, Flo, HHFTEE THTE ST 2 GHETRBEA BT
BOTH, ZOBLEDRIT 10%THD *, ZnOOfRRE, A7+ ~rnIy sy
T DICEMEAITHE 5 BARF-E — A > b DZALDS, BEMERORLF DR EIC BB & I
WIXRA DR H D Z L 2Rme L Tnb, 7206, BIMEAERRMRL T ORKFEL A7 + b7
0y 7 TORBTE—AY FTIEAMICAEAD Z 3/ TERVnI ENnBEL LN,

FETo. BRI K ORBRA R ZE S 20 6 . BHRT-E— A > b 72 & CREME RO 72
SMBESZ BT I, EOBKEENET 2 Z RSN TS, L, ZhE
TONHIETIRENERORL 713, BEPEARRORL 7RI BAE M 2 Z L TV 7Ry, MR 1
B, HEMMEER LY bBEAT— A FOFN@EICHEOTHY | BET &K T
bdEEZLND VY, bbb RREHIC L AR OEIX, AT+ vy 5y
FIZ R DB DORE OBRFE— X > FOERFEZE ) Ok F-R OB 2T 5 2
LT, BREFHENZIL L TWD LB bND, E->T, A7+ Mo v v 701 LR
PEARBORL N EHE BER 2 L CW D O TldZe < . MRk 1 MFE AAEHIC L - TR
FEHENREL L TVWDEEBZOLND, ZOZ b HHALHIIND X 1 = X AOEHIX, X6

WZIREETH D,

1-2. HeEREERONFEETBEZAA LIHRT e —F

ARETIL, TNETCORELEE 2T~V AT 20 ELZRL, LB Eom 4 A
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fRL7, BARRIC, A7 + b7 v X v 7 5 FORBRIRZ B E LRVt BT 25

L7eMBRRGHZE B Lic, ZhUd, BMEREZRR T 28 A 4 OEFIREBEZ LT LV E
B, BLiEL S O iU, BKERED On/Off O X 9 7058 BE eI N AIRE L 70 D Z & & T
BIL72, # LT, AWFETIEOE On/Off il © & 2 BEMA B2 AT 2 72010, JmErE
BIATHD CAS L ML TH D PB DER 2Rl To, ZOBEABIE, V7 fEdiRIETIX
FHTERVOT, I BAD I 7 v S 2R Uik 7 F L o8& 2l Tz,
W VEIR, RIS 2 BT 2 HETH D, I BADI 7 v SH TR, A
U BOG. BARTTIUS . MUK REBOGR72 ERR % IR BUSHIFRE T 5 2 & 7 B AR & 7o fiohL
FEBWRT B Z EBARETH B O,

B A R E AT D BRI X, B D D WIIRE KL 72 ED L7 g
KENTOBBHEEICME L, WTFLe bRRSTRMEZRT Z L OkkA 0B CTrER
SNTVAMRTHZ P, e T, AT R & S - A S L TRV S
ZEITEY | =X F R OERT RV F =BT DI AAAT DL T
Do R, n RN TH D CdS 13, e b HAW HOBANICEHERMEIO 1 > Th %, £
L TA HET.CAS DWRL B30 7 A ADMDOENENORMEL Z S MEESNTND
G Z LT, MR CIT R A XN, FERIBE O ERRE . RBRI AR EO A BN D &
WO T RFEABLII SN T D, — T, PBIEY T BN 72 LTz kool (fec) s
ELDERENT T THY BEREET oLy ba s a3y 2 T I o0 TR
PATHFFES TS (Figure 1-7) . FRICHEMEAEL L LTI @B OFEESZ OMAEDOE %
BZ DT LTI o THFBRBAL >, SRS >0, miEsaREE 1% & o TR A
TLOHPUAR Z < HE SN TWD, 72, ki b L7z PB ORI & B AAZHFFE S 41T
WG SEOTIT

VAR, ARFZE &[RRI, FePt-Ag"®, FePt-CdS"™’. vy Fe,05-CdS'™®, Fe;04-Au-PbS'™ &\
7= HL 70 D AR RE ML 7 (O 7 U A& V) R E A Lo HBl R k123 < D7

PR ESNTWVD, LinL, TNOOWEIL, FHTESILDOTZ O DERREANTZHICHED |
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ERERENESZ DA DY B FAIBEREIZEA L TIRIZ & A EREd 2 vy, S HIC, £k o7
FIEIC X0 AR LI SEHl T & DRMEMEHC W o TSN B, ik Z &b, K

BECHHSE L7 CHRREMEROR FII R A BURIR C BRIRV B X2 b D,
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2. EB

2-1. PBHSKLT. CdSHOLT DA CdS Mk T % & L 7= PB #ihr 7 D R
DDAB (didodecyldimethylammonium bromide) (% Aldrich &, HiAL55—8kPUKFI#) (FeCl,-
4H,0), 7= Vv 7 AbH Y UL (Ks[Fe(CN)o]) . Hafk KI v A (CdCL) . fiifkF MU &
LIUKFIY (NapS-9H,0), hrxm | =% 7 —)L (BtOH) [ERAYEHZNEUEA LT,
PB fHORL 1} OF CdS PRI 11 SIS » TIRD £ H ITAR LTz 2,

PBfich: ¥ D ER

DDAB (2.3g, Smmol) % /Ll (50ml) (2R L7 (0.1M), Z O~ FeCly-4H,0
(8.71g. 45umol) ZMZ., BERDH I, ZONERKITIEE D 2V adEH %z L
7o —J7 T K3[Fe(CN)g] (0.1g, 0.3mmol) /K 2 Fi%E L72(0.1M), Z @ Ks[Fe(CN)o/K ¥ #
(045ml) Z 0 HWEE~WH FLBLIEHRI T, 20 F&EIXT W=5 (W=
[HyOJmo/[DDABlime)) 12722 X OIZHHEE LTz, LTV & REBICHAEZHN O FEE
HA~EZEL L, FRICIEE L 2 ART DN T, o, #IvL2RERIED
OIZ, VEBZOE FHE Lz, ZOHBH S, BRI ES Z IS8 L Tn SR
ko Tz, Z 0 PB R & Hti~F v A b LEAIRBE D 2 3T L 72,

Cdsfthr ¥ D ER

DDAB (2.3g, 5mmol) % kL (50ml) ZfEL7Z (0.1M), Z DA~ CdCl, (8.2
pg. 45pmol) ZMZ, MEWRNSMES T, Z ONBISKIZILE D22 W EAET 2 LT,
— 77T NayS-9H,0 (0.07g. 0.3mmol) KA 2 % L 72(0.1M), Z @ Na,S-9H,0 7KK (0.45ml)
BOTHORI AT T LI L S HHFR S, 2O PRI W=512225 X9 I Lz, M rL
T &, RBILEWEFEWLDLHEOEP~EEBLL, FICEL R ERT L LN TE
Too Elo, WX BN ZLENSEDDIC, 1 HEZOEEME L, ZOHMT S, FFIC
NI Z DB L T DIREEEZ R > T e, 20 CdS IR % FE~F ¥ A kb LIE

(IR B DO WL 2 5 L 72,
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CdStchr F % &4 L 7= PBASchI F D /ERL

ETNENER LT~ A 7 e~y g UIRREWREE 1 % 1 THREBLZAGES L
(Figure 4-1), IRAMRBBITFHCRET 2 & b7 < E728r AME L THLEIFEL T
Wiz, IBA LTEEARIR 2 TN ENOHEMRA~F v A b LEERIREEOY M2 51 L=, LLF,

ZOEEMEN LAY 1 (Compound 1) &7 5,

PB
Nanoemulsions

} ii ‘ Composite
) Nanoemulsions

Cds (Compound 1)

Nanoemulsions
Figure 4-1. Schematic illustration of synthesis for compound 1 using revese nanoemulsions as

nanoreactor.

2-2. *FeClynH,0 KX K;[*'Fe(CN)sJ8fk DAL (°'Fe Mossbauer 222 kL)
WE (HCD ., 7 AbA Y 7 (KCN) (TRt n ., R A BRI ATHFBI T2
LENENEA L,

SEeCl,-nH,OD AR

“Fe (84.7mg) % HCI (4ml) |Z 3 BEEI U TR L7Z, D%, @EID HCl Z < 729
W2, KEDEN Z 73 S DIEEE MR R LT,

Ka[*"Fe(CN)Ig& K D £ ik

KCN (5.12g. 0.08mol) Z 7K (15ml) (ZifiF (5.2M) &, EHR N AN CTHEAFIEHE % i
L7ze Ak L7 FeClynH0 &7k (2ml) (C¥HfiE S H, KON IR~ T L, 3L < ks

lzo ZORHIEATERT AT TRRAE Lic, ZORNORRFIL, i FERIIFEELZ 2
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L. RO & & bR EE R CEBEE R LT ol 18 R LOERE T AN
TV T RS ERT L, EtOH &z, AGILBY 2157, ZoAEkEY 4 EtOH 12T
Vet Lz, ZOHAIEMIE, K[ Fe(CN)]. 77205 2 o8z~ L TW\W5, /K/EOH X
DEfERER IR olz, ZOBE. IR A7 MUZEIT S CN MfERE ORIE D S [FE &2 17
ST, HBoNcBAARMEEK Gml) IZEMEL, WILLARN ORI A 25mE (K34)
i, ZHUT 2 i Fe £ A% 3MliFe A A ~EBALT D720 TH D, HEH A EFiid
SHICERT A TRIPRE T, WETAZTRET D ERNOETIT, BEFEAND
Pt ER L, BRIANRT IV ITRIZZOENLETHE STk E 2 L7z, EtOH 12T
TR ALY 245 T, K/EOH 7O R 21TV, AWM A 1572, IR A7 hLZk
(F % CN fEIRENORIE D> S [RIE 21T~ 7,

'Fe % JFURF & L7z PB ok TIX AR O A RIEIC X 0 BB L7z, F72, CdS ki & Effi L

7= PB ki b [AAR D EEIC L > THR L7,

2-3. BRIMFEICL D PBEREOEREVCT VY buru I v 7R

WAV 8Nk (FeCly:6H,0), 7 = U 7 Akl U 7 A (Ks[Fe(CN)g]) . b U o
2 (KCD . g (HCD [ EF . Sn0y, 7 ABMIT = b 2N ERIEA LTz, BEX
AL IR ST RE > THE L7z 101
PBIEE D {ERY

FeCl3-6H,0 & OF K3[Fe(CN)gl % Z 4LZ FUKICH AR S 0.02M KA 2 % LT, HFRiRE
VR BT, PSR A 10 u Alem® O BHHE T 120 B GEFE R 4mC/em’) 436 L. SnO,
AT A I PB iR AR U, IR, IR R SRR bR LT,

PBEENCLV Y kusu I v 7k

pH4 @ KCI KR Z IM i#E LTe CCFFEME DR ZETe), T OWRFICBWTER L
7= PB M EMEMAIHEA L, A 27V v 7 RVEET T LERE LIz, BAFEEE-0.4 5>

5 1.5V £ TE IR, BRI X 20mV/s TH D, £7- Ag/AgCl Ea W=, 1556
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NV A7V IR NEET T ALY ENENDOEMIZEBIT 25 PB EEDO UV-vis WL, IR

ARG MV ERRBIZBWTHIE Lz, £ LT, IR A7 MUZEBWCIEREEE V-,
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3-1. PB#KIFDRIE

B R L7z PB kIO TEM Bl %4 L7= & 2 A, ki3 a8 S4v (Figure 4-2a) , % D
PIRIPEIE 4.3340.71nm Td> -7z (Figure 4-2b), MA T, TEM IZ L VB ST+ B %4 &
W7 — U =254 (FFT [B147) (2L » TEDRkz i L7 L 24, (220), (400) KU (420)
D PB DA/ & —2 34589 L g - 2 LS B L7228 PB ThH D LR LTZ

(Figure 4-2¢-d), —J7C., =iRIZHIT D EIRKAED UV-vis WL, IR A7 kL& 9K ITE
iF % E AR ED “TFe Mossbauer 222 L} T SQUID (T & - T PB ki D iM% %5
T otz FDOFER  UV-vis WU A7 b LTk, 71nm (2851 A o BTG (IVCT
X K 1 Fell(th))-CN-Fe (e )El O B AT E)) MBI S i (Figure 4-3), 2 OWRILH X
PB OHCICEKNT HETFEBRTH Y, Fe" 205 Fe'' ~D CN )i 7% /v L= B B EIC
56D TH %D (Figure 1-8) 7', —fREYIZ, 27 PB D IVCT 732 Fi& 700nm {7 12 WE IS

KWBLIND DO TEK LTZRL23PB TH D EERTE 72, %tV TIR A7 kL XV PB K

D =433+0.71nm

e
~20
g
515
3
10
[
° || ||
5

0 1

Partlcle Dlameter / nm

Figure 4-2. (a) TEM image, (b) size distribution, and (c) TEM image of superlattices of the PB
nanoparticles, respectively. (d) FFT difraction patterns of selected area for the PB from the TEM image

of (c).
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B CN fEHRE 2 JE L= & 2 A, 2073em™ KT 2100em™ (12 E 2 BLH S L7
(Figure 4-4), 2073cm’ IZ PB O#kA A [l CN MfERENC IR B 41 26, —F 2100cm™ #13F
DYWL IE PB DR CNHFEIEE Th 5 & RIB Sz, AU PB DFENTH % Ks[Fe(CN)o]
DEHED CN MHEIEE 25 2118em™ (IZHN 5 Z & X0 PB Ok FALICfE > TIRFEIC K % K ifi
FEMERT D L Vo Bl A5 | Kl OO CN MfFRBIABI S - b D ThDH LB X
bND, LLEDOFEENSL S PB AR SN, K+ THDZ LoVRENT, &5IC2Fe
Mossbauer Z-<2 /L kv " H#R (Isomer Shift : 1S=0.373mm/s, Quadrupole Splitting :
QS=0.432mm/s) & —H@HfR (1S=-0.177mm/s) NZNEIEIH <7 (Figure 4-5), ZAU,
PB @ Fe'"™ & F"" (TR T 2WILTH D 2%, F DREHEER (%) 1% Fe'"/Fe™5=50.3/49.7

Thole, EDKIRNSG PB ARSI TWND Z &R R I NI,

1.5

—t
-

Absorbance

© O
g ©

0.5
250 350 450 550 650 750 850

Wavelength / nm

Figure 4-3. UV-visible absorption spectrum for the PB nanoparticles at room temperature.
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Figure 4—-4. IR spectrum for the PB nanoparticles at room temperature.
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«

VT, BHEOIREERIFE R ImT ISR W CHIE L7 R, MRIEBBIRE (To) % 4K IR
L7= (Figure 4-6), —f&HIIZ, LT v 7 ) —OREENEIZIERNER - Th 5 CN Ha A
LT, Fe'™ & Fe"S iz L 2 MR e M EAEH MBI X | Z ORERAET DR A B M OREA
IC kBB EAERONRETH D P, 2. /L7 PBICBW TIIMKIEBIRE & 5.5K
R Z M, R FABIZ > TIRRR IS 3 2 R FE OB R )~ B B2 AR 2355 < 72
STWDHEERZDND, & BITHALDOBISKFNEZ 2K IZBWTHELZL ZA, EAT Y
A (FERRME (Mp) =9.90x107emu/g, 1REE/ (He) =1mT. fafiféft (Ms) =0.4lemu/g)
Za L7 (Figure4-7), I, 23/V7 PB OFEMIZRBERFFEDBLZIZE L T, 3 E3-3H

EBZROZ L,

—
o
© o

©© O O
~N o

Relative intensity / %

©
| )
S

-2 0 2 4
Velocity / mms™

Figure 4-5. *’Fe Méssbauer spectrum for the PB nanoparticles at 9 K.

M / 102emu/g
O = N W S~ O o

1 2 3 4 5 6 7 8 9 10 11
Temperature / K

Figure 4—6. Field—cooled magnetization vs T at H = 1 mT for the PB nanoparticles.
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Figure 4-7. Field dependence of the magnetization at 2 K for the PB nanoparticles.

3-2. CdS#biFDRE

B LTz CdS ki TEM Bl 2 L7- & 2 A, ki1 05ieZ8 &4 (Figure 4-8a) . & D
VJRiPEIE 4.44+1.06nm T & - 7= (Figure 4-8b) , 2T, TEM (2 L 0 Bl S 72 #& 718 % FFT
ICE > TEOFEIMAMIT LizE 2 A, (111) (220) @ CdS DA/ S5 — o G BTE8 L g
L7 Z EMMBERR LT3 CdS Th 5 L [EE L7z (Figure 4-8c-d), — 5T, =IRIZEH
F 2 EAREED UV-vis WX, AT Mz Ko TEMMZ CdS Bk 1O % L7,
ZDOFER, UV-vis WL AZ hL T, 500nm (Z CdS KL T-D /N R¥ % » TN T 5
W DB S AL, — xR 7e /L7 CdS DN R¥ v o7 (W) £ 0 HAREE R~
7 RLTWD Z LMD DT CAS KL - ST\ D Z & A3 s T & 72 (Figure 4-9a) .
BT, AT MAZRIE LI E 2 A, 380nm OFHER EIZ XY 435nm OG0 EH
&7z (Figure 4-9b), F 7=, BhEHEE L 200 2> 5 290nm TiHlE & A EH5613R 97, 300nm
DRI ENDART LT/ o72, % LT 380nm TheEsiE 2720 390nm 7> 6 (3K I

D UTe, #-o T, AR LTZ CAS RLFIIERAMEIC KV hilE L TV D Z L A8 T& 7o,
3-3. BEEME DY
1O TEM8llZ L& 2 A, ki ThdZ DRIz (Figure 4-10a), F72, 1

X TEM IZ X 2 EFRRICBUE TH - 7o, 7T rfER S7 (Figure 4-10b), Z D714
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Figure 4-8. (a) TEM image, (b) size distribution, and (c) TEM image of superlattices of the CdS

Frequency / %
S @ 8

(3]

nanoparticles, respectively. (d) FFT difraction patterns of selected area for the CdS from the TEM

image of (c).
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Figure 4-9. (a) UV-visible and (b) photoluminescence emission spectra (A ., = 380 nm) for the CdS

nanoparticles at room temperature.

DENENDOEA FFT IZ X - THHT L7 & Z A PB XU CdS DE R/ Z —1 & —
B L7, fBon-EHEL, PBIX (220), CdSIx (111) THY ., ZOFEFELY PB LT CdS
DAFAEZ R L7z (Figure 4-10b1-2) . £ 72, Bk X #EHT 223k 7 7223, FUiii& M4l (DDAB)
DE L ENENDEHTRZ — BB LNRD > T DT FFT T OFiEE AWz, £7-,

Z DEEMEHIZNZEN OB FIRIR 2 R 1 TERLL T\ 5, 2NN ORIERMN 7R
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Figure 4-10. (a) TEM image of 1. (b) TEM image of heterostructure for the CdS—modified PB

nanoparticles in 1. FFT diffraction patterns of selected areas for (b—1) PB and (b—2) CdS in 1.

HTLinh, BELRRD ZENBZLIL, MBI 13 1 TS LT EETREIL
LTWARWEEZ HND, SIHIZ, TEM OB K> THEENZE(LLTWDHZ L b E X
LD, EEOESTERITBIR N TITRETE RV, o, I B ERSEZOMOF
ECER LT+ ORI L L. AR O%a . Wik CIEB B e S B IR
SNIWRL I BEIND, KEOYG, R DM 7 TOMIRTdH H D THEM 72 I
FEZHT, HAESINDLIEEZEXLND, £ LT, RO LT 5 & EDOEREDIEED
K BRLDTEDHRIZL > THEEMEESNL EEZA DN D,

1 ORALOIRERFEZ 1mT (IZB W THIE LSRR, MKEEBIRE 2/ 4K (TR L7
(Figure 4-11a), 2K, ImT OFEMICIBW TG L O B{b A b2 B L7 & 2 A, 85158
% 10 YIRS % & BT 4.66x10emu/g 7> 5 1.00x10 emu/g ~J) L 7= (Figure 4-11b) ,
AL 25 I L CTH I LTeBBIZRE D Z L3 odz, T72bb, Z OSSR
(X VD LTofbiZ, SEREHCHE S BVORICK > THI SR Z SN DO TRV L &
ALTWD, ZLT, 1 #8WH (iR, K&F) 722 Lick-T, ld Lz
1.00x107emu/g 7> 5 3.50x107emu £ THEIE L TW5 = L B3R &7~ (Figure 4-11¢), &5
2 1 DAL DORGHRAFME A 2K ICBWTHIE LTz & 2 A, FIOEMEANTE A7 Y o X (5%
BB (Mp) =6.35x107emu/g, #% (Ho) =1mT, fafiiifl (Ms) =0.13emu/g) %R L
7= (Figure 4-12a), 2K, ImT OFMITBWTEMNEE RS L, HOBILORSGRTIEZ 2K

WCCTHIET D E, EAT UV RTFIFHEL TS Z EBEHI SN (Figure 4-12b) , [AEE
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2, B (IR, RRH) 7568, WERLEE AT Y Y RAFBETOMEIT< £ THEE LT
WD Z EDERTE 72 (Figure 12¢), F72. 1 ~A A BN U 72 D3SBME O ZSbIZBLIH
IRinotz, —J. MRIEERE LT /v PB, PB ki, CdS #ki¥. DDAB £h LIl
AL OV & IR U 72 SRS E OB RIZ B S v v o 72, BLEDRER LV | £
SRCRRES (A O WAL D%, CdS Teki 7 D YCRhEE FET- 7% PB ekl -~ 8 L. PB fohi 1
DEAIREBNELT D Z & TEOMKEFHENE(LLIZEE X DD,

LU E DS SCREITHE S PB ki DML AL 2 BT 572012, 112381F % CdS ki1

& PB KL & OAHAEAMEMICER L, T PB Tk OIS RITE O 40tk D 21k %

BT,
5
(a)
uv
1Y) 4 (0)
N
S
£
o
< 2
s A
1 A\ 4 (b)
0

1 2 3 4 5 6 7 8 9 10 11
Temperature / K

Figure 4-11. Field—cooled magnetization (FCM) curves for 1 before and after UV light illumination at H
=1 mT, (a: black line) before illumination, (b: red line) after UV light illumination for 10 min, and (c: blue
line) after thermal treatment at room temperature.

6

[}

M / 102emu/g
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3 Fied / T | 8
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Figure 4-12. Field dependence of the magnetization for 1 before and after UV light illumination at 2 K.

Hysteresis loops for 1 at 2 K, (a: black line) before illumination, (b: red line) after UV light illumination for

10 min, and (c: blue line) after thermal treatment at room temperature.
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3-4. CAS#KIF 25 PB R+~ DA FHEETFBEHS
CdS ki O FEF 25, PB ki +~B8) L7 2 & 2R 272012, ARSI
2R % PB ORI IVCT 23 K2 CN ke 2 UV-vis I L TV IR A7 B VicEs
W, AZ T PB Rk T- D8k D T-IRRE% “'Fe Mossbauer A7 hLC K- THER L7z, 1%
UIZ, ZOEEMELD UV-vis I ARY bV Z& ZIRIZI W TRIE L7 F5F, 450nm |2 CdS
PRI DN R v v 7 (2.76eV) ITHY 2 W & 696nm (Z PB KL F- IVCT /3 I
BRI &7z (Figure 4-13a), AR L7230 2307 CAS DNV R¥ v v 7 L0 S WIUH
WEERMA~YZ7 FLTWS ZEMND CAS ITEA L THMKL 2R L T D Z & AR
SND, Flo, EEATL Y bRIURAEEEM A~ 7 FLTW5D Z & IX PBIKL T & OES
WZfE S FFE M AEEN 2" LT D, — 5T, IVCT N RS EGHTE T 5 & Flk
B~ 7 P LTWD Z A b, CdS kLT & DA,V PB KL OB FIRIENZE L L
TWD ZENRBRSNTZ, £ LT, 1~ RS2 & PB ki 70 IVCT /3> RO
JCEEMEAY LTz (Figure 4-13b), 72, ZOWNEORADITERIC L > THiER S, £
PRORREE T VXN ATIZE > THRE L7 (Figure 4-14), #4 5 "' % 0O Hammond &
213 PB ZBAALEMICAR L, TDOT LY hrza v 7 BEERE LTS, b0
WEIZL D & PBOIVCT N RICKERT % 700nm (F2) OWILI T EARENLAS 0.6V (vsSCE)
Bl S, Z ok, PB OE TRIEIX Fe'-CN-Fe"' Th 5, — 7 T, BMEN Z-0.2V
(vsSCE) (Zi8 7t &/ % & Al AU W IN & 7R & 72 W ECH A ORI A 27 R LG B L,
ZD L E DB IRREIL F"-CN-Fe" TH 5, AR THELLFIEIC L W ER L7 PB i
DY ATV I RVEETT LZREL (Figure 4-15), = OfEE, -0.2V (vsAg/AgCl)
TEIC S G O L TR I &2 7R S 72 v o 7= (Figure 4-16), M T, TNENORE
{LBITENMICE T D PB O L7 vura v 7 RpEefR Lz (Figure 4-17), 2O
UV-vis WL A7 b VDAL, PB OFE IRREDS Fe'-CN-Fe" 7> 5 Fe'-CN-Fe" ~ & 35t &
Ntz mLTWD,

T, FERICED L1 2BEE (FER, REKT) 75 28I X o THD Lot
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Z & A ETLOWRIRKE CTEIE L TW5D Z &R Sz (Figure 4-13¢), 72, 26D
Bgad, R OK) 2BV THEH &7 (Figure 4-18), #il T, IR A7 hUIZ L - T
11231) % PB ki1 CN RSN 2 RIRIC B W THRIE L7z & 2 A OGRS ETT1% 2076cm™
(2RI & 2100em™ AT 1255V LA S 4u7- (Figure 4-19a) , 2076em™ D3RG
BEA A MO ON (RS (Fe'-CN-Fe'") (2R E S, 2100cm™ O Z 4Li% PB ki 1 DK
CN H#EREI ChH D, - T, ZDOZENHBHEA L THMBLF 2L TV D Z & A R
T& D, 1 ~EAEZ RS L72#E 5L, 2076cm™ OWRIL E°— 2 13 2072cm™ ~3 7 K L, 2100cm™
DOWILIWD LTz (Figure 4-19b) . $EAMEIRICES 2O X H e —2 27 NE PB ki1

DOETIEEN Fe-CN-Fe" 75 Fe'"CN-Fe" ~&r &=z L &Rl L . —5C2100cm’

0.8

o o
(2] ~

o
o1

Absorbance

©
>
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250 350 450 550 650 750 850
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Figure4—-13. Changes in the optical absorption spectra for 1 with UV light illumination at room
temperature. The spectra were recorded during the illumination from t = 0 min to t = 10 min at 1 min
intervals, (a: black line) before illumination, (b: red line) after UV light illumination for 10 min, and (c: blue

line) after thermal treatment at room temperature.

)Y
—>

Figure 4-14. Changes in the photographs for 1 with UV light illumination at room temperature. (a)

before illumination, (b) after UV light illumination for 10 min, and (c) after thermal treatment at room

temperature.
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Figure 4-15. Cyclic voltammograms of PB—-modified SnO, electrode in 1 M KCI solutions (pH 4.0). The

charge consumed in the reduction of the PB-modified SnO, electrode was 4 mC / cm?. Scan rate of

the electrode potential was 20 mV / s.
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Figure 4-16. Changes in the optical absorption spectra obtained with a SnO, electrode with 10.5 mC /

cm? of PB at different electrode potentials in 1 M KCI solutions (pH 4.0). (a: black line) at 0.2 V vs

Ag/Ag, (b: blue line) at 0.4 V, (c: green line) at 1.0 V, (d: red line) at 1.4 V.

Figure 4-17. Changes in the photographs obtained with a SnO, electrode with 10.5 mC / cm? of PB at
different electrode potentials in 1 M KCI solutions (pH 4.0). (a) at —0.2 V vs Ag/Ag, (b) at 0.4 V, (c) at
10V, (d)at 1.4 V.
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Figure 4-18. Changes in the optical absorption spectra for 1 with UV light illumination at 9 K. The

spectra were recorded during the illumination from t = 0 min to t = 10 min at 1 min intervals, (a: black

line) before illumination, (b: red line) after UV light illumination for 10 min.

DRI DT LTI 2D CdS ok F & PB L & DT LVMESRE & 0SB S LTz
WThDHEEZLND, T, FIETHRR X DI, HEe 20k 23 [ — B BN I A7
ET 596, MENRNEELETHIIHEEI LEZXAbND, Tbb, PB kT OXHE
CN Jk & CdS ki1 DK Cd A A NS K DU RE TR Z 0 R E L TREN
U CIE Fe-CN-Cd & W IO REEDRTERR STV D LR aind, E7o., —MAYIZIZ PB I3k
CBITDIRMAFETERTED Z &b, HIBADO I aIEHENTE, BHILF
FEEDERIND EEZHND, AT, PBKL T & CdS Mkhi 1 D ENDHE AT &
BRI D53 RE (IVCT /3 FR° ON iR B OWRIR RAZE) Z L TWnWd 2 &b, BLbo
ZLEFEA L TS, EEREHEIC L VER L PB #EIROAEALICHIT D IR AT
FMLOFERND B, -0.2V (vsAg/AgCl) TiEJL S E 7256 O CN ffEfRE) LR A~ 7
ML TW5% (Figure 4-20), BmAALFHICIER U7 PB EEIZI51T D8k A A4 [ D CN iz
73317 PB OV PB ki1~ & B DB HIE, IROCHEDRRERL TV D EBERXbND, T/
HbH, PB EENT ZKTH H OB — TR S 4, k00 7 il Tl 3 IRty BOo A

Bj—lebThHEBEADBND,
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PLEDORERIT, 1IZHB W TEALIUF 2 > T CdS ki 77 & PB b - ~DE B E)
ST ZEZRBL TS, £-—FH T, LEBE (|iR, K&AT) §52&ick-T
27 N UERIUEA (2072em™) 1F, 1FEAE L EOME (2076ecm™) EFTEEL TS D
LR ST (Figure 4-19¢), £72, Z OEIEIREHITHE S CN ifEIREI O Z(kiX, KR

(9K) IZB W T HERROBISRZ /R L= (Figure 4-21), %I, LLEDORERZET D720
IZ 9K IZH51F % Fe Mossbauer 2827 MV ZEIE LTz, SRIDEHEATIL PB fohi 1-0 Fe'™
CEKET S T EH (1S=0.393mm/s . QS=0.467mm/s) & F'™ (A4 5 — HMR

(I8=-0.193mm/s) AZNZHBH S, itk (%) 13 Fe" ™ /Fe"™=573/42.7 Th - 1=
(Figure 4-22a) , 1 ~¥E40 e 2 B9 % & Fe™ (1S=0.393mm/s. QS=0.467mm/s) & Fe'™™S
(1S=-0.193mm/s) (ZH1%x T, Fe™™ (TR % “HEMH (IS=1.125mm/s, QS=0.982mm/s) 7%
B SN (Figure 4-22b), T OMaHHE (%) 1% Fe""/Fe 5 /Fe™5=39.7/52.1/8.2
Thol, ZOREIL, PB HEL T N4 L RS IC - T Fe™S-CN-Fe"™ 7 5
Fe'""S-CN-Fe""™® ~#n&shizZ L 2R L, ZNETOMMmE B LTW5, £z, BunH
(iR, K& #ICEIOERERTORET < £ THIE L7 (Figure4-22¢), J72b b, &
LI PB ORI FIEEIR, ERPICBWTIBIL LI Z 2B X b, PB ki OmR{b
TR, ZZR PSRV TR I D28, 20 PB R0t (Fe'-CN-Fe') JRiEIZ, IR THK
FHRFEHERF T 2 2 &3 TE 5, £ LT=ER, BEERBICR W TERINEEE T & BVt
DEEF-% UV-vis WIX IR A7 b UZ K > TENEI PB KL 0 IVCT /3 KOWLIEEE,
CN HfERE OWIAR K A RE L2 2 A, D &b 9 BNXFRRRDOBIG A/ 0 K L7
(Figure 4-23), FERRIZ, WG (B EFE) IR, Z]F CEIAESITRZ 528, Z0iE
76 (Fe"-CN-Fe') JREES IR, B2 CITWRSHHRITRA LT 5, 7o, BEITRENME
BEOCEZRIZBW TR SN A, TO0FMITDRE S RERIZH D, Mz T,
BRIRUN Z L1 CdS Hokhr 7 B T =i, EARE THWEDEZ R L7222y, RSHICB VTl
IS R OVATHE A RS L CHa0bIIRn S 7202572 (Figure 4-24), 20 K 5 721861 E

72,1128 W T CAS 8k 720 5 PB ISR - ~EFBEI L TWH Z & &L —H L TWD A T,
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Figure 4-19. Changes in the IR spectra for 1 with UV light illumination at room temperature. The

spectra were recorded during the illumination from t = 0 min to t = 10 min at 1 min intervals (a: black

line) before illumination, (b: red line) after UV light illumination for 10 min, (c: blue line) after thermal

treatment at room temperature.
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Figure 4-20. IR spectra obtained with an SnO, electrode with 10.5 mC / cm? of PB at different

electrode potentials in 1 M KClI solutions (pH 4.0). (a: black line) at 0.2 V vs Ag/Ag, (b: blue line) at 0.4
V, (c: green line) at 1.0 V, (d: red line) at 1.4 V.
23
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Figure 4-21. Changes in the IR spectra for 1 with UV light illumination at 9 K. The spectra were

recorded during the illumination from t = 0 min to t = 10 min at 1 min intervals (a: black line) before

illumination, (b: red line) after UV light illumination for 10 min.
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Relative intensity / %

Velocity / mms™
Figure 4-22. "Fe Mbéssbauer spectrum for 1 before and after UV light illumination at 9 K, (a) before

illumination, (b) after UV light illumination for 10 min, (c) after thermal treatment at room temperature.

DDAB, PB f#thi ¥, CdS 80k 2 L AV O AR REA~ERAON K OV AT DL 2 FRE L 7228 UV-vis
WL, IR, HIEART MVITRHZEGIT T 5T, 16> T, 2R HOFERIT 1128\ T CdS
WohL 7 DS DO 2§ 2 7o DI HE R KB Z R L TWDH 2 2R LTS, Fiz,
PB K1} OF CdS PR 7 D[Rl E D IRIZ B W TBEIZR 7z & 36 0 FimiE 4l (DDAB) DO
BIZ XV EEMITIIREE Ch o7, L L, KV EEMZREEREL T 57292 DDAB %k
BLIEVAT AERBERE L TRATLEZA, 1 LITRR DHEDICEM B AER LT,
DDAB #[#< Z LIT Ko TR TOISHAEITL Cd 23 A7 PBELEUKIZ > TWnH 2 &

N, IR A7 MAS PRIENT Y F7bh . PBEKI & UVNLY PB L3572 5 CN
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Figure 4-23. (a) Changes in the absorbance at 1 max of IVCT band, and (b) the CN stretching band in
IR spectra in 1 by UV light illumination and thermal treatment at room temperature in air. These
spectra were recorded during the illumination from t = 0 min to t = 10 min at 1 min intervals (white area)
and recorded again after thermal treatment at room temperature in air (gray area). The 10 minutes UV

illumination and the thermal treatment were repeated 9 times.
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Figure 4-24. Photoluminescence emission spectra (A ,, = 380 nm) for (a: black line) 1 and (b: red line)

the CdS nanoparticles at room temperature.

fhfEREI 2~ L, IEL< CdFePB UK TH D, ZDZ &5 DDAB THR#ELT-V AT A
NHEETHDZ EMWRB I, R FORERENFFICZORETBINCLD VAT A
TIHREEARAZENEZ LN, LEORER LY . REFZEIZ80T 2 CRALEIENIC 31T 5=

X %~% (Figure 4-25), Z OXRALHIEI D A A1 = X 2% CdS BOhi 77> & O EhEE E T3 PB
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WL - ~BET 5 2 & T, ZOBMLORIEIC KD L, ZOEFBENCE L T, i CdS
WORLF- DR E S PB KL FORE~LBEFRBH L TVWDLHD LB HND, ThiE

B 7 BRSOk T OB BERREIX, RE TR 5720 TH5 ' &6, PBHki+b
FEICETIN TRV NG, FICREMOEA A NETSND T & THRLFNES

~OEBTBENHTONOLEZIDbND,
=)

A — Electronic States of Prussian Blue —
Electron Transfer
A

o< R Y.
° RN ++4
uv e~ from PB or e
vB 5 W Oxidation of PBf‘ from CdS
Cds PB Fe“"—s—CN—Fe';iS Paramagnetic
By Ve A 4

Figure 4-25. Schematic illustration for photoinduced electron transfer between CdS nanoparticle and

Fel"LS-CN-Fe'"HS Ferromagnetic

PB nanoparticle in 1.

3-5. BRULFIEIC X % PB OEMHIMEICE D S EKIHEDE L

RS IL, EXULTFIEIC L > TPB OB FIRELA B SE, TNENOEFIREIZET S
RO 21T 572 1Y, 2 OF5E, PB OREREHEIL, Fe A 4L OB FIREICKFELE
CHR P OEREADTZDICHZ 5 Z EBHERENT, T72b5, PB (F'™ (tle,)
-CN-Fe"™ (ty,’e,”)) DFEFHREEICIH VT, Fe'"S () D t, Wl % S~ B3, Bk
LTW5 F™S (e 10— M3ERIEALT 5 2 & TEMBIINE = Y B EHE 2 R 2
(Figure 1-8), £72, Fe"™ D t), & e, MEDM T & bEF ORI (AL L) T,
INHEARTRIREE DN D 7 — 1 [OFERRAHIC TGN £ D B A2 T I DT R T — i A7
TIREE D Z L1272, Tz, F"™ b F'" 1 o0 2y (a2 p) 1039
AL B, o T 2D X 57 Fe'™ P I2B1F 5 A VU i s K AR 25 &2 2 L,
B 342K (&@H /b7 5T 55K T Te 2328, BRALFRITFIEIC K D &) — ik
MTE, TOMIEIL 2 RITANZ R D T2 OWRTHEDIR T BV 7 e K 0 b Te MRS 72 %

EEZBND)ITBWTCHREEIER EAEH BT 5, —J7T.PB OE TIREE Fe'™° (b,
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-CN-Fe"™8(ty'eH)~ZT T 5 & F'"™S 05 Fe'™ (i £7-[[HE) £ TOBEBFOEMIRILR
RN 7 — 0 U RFEDT-DIZHT BN T LE 9 720, F"™I281) 5 2 ' r 43t /e <
720 (Fe'™ il Lirpzo Fe'™™ & oM OB B8N 2< A0 D, ) . TRBEMER D 6 F MK
~ERERRFEN LT B, WIZ, PB & Fe''y[Fe"(CN)e]s ~BRILT % & BRIERIRE (To)
Ttk 2 I BT 5, Zhud, RKBEERE (Fe'™ (tby'e,)) O ty BATEIZ 1 DORKET (Fe
(tee)) WELBZOTH S,

3-4HTHIEARZ L HIZ, BRALFRITEIC LTz PB D4 ket Ori R e & KRB
FHENENOBRGIFHOMEREZ R LTS, T7hbhb, ZXAVF—BHTIEIRET
BENZ L D22 Th D, £72 PB OFEIREIL, F1E4-2HTHHIA L L H T, #ko
L DBEAIRRES Fell-CN-Fe'' 705 Fe-CN-Fe" 12725 Z £ TH Y, Bux SN RiEZ R+
DTIEZRW, > T, PBOBEFHEND S, KAEOEFRIIEFBHTHLLEZIDN
Do

CdS kLT D NFHEE T 03 PB ki -~ B3 2 720121%. PB Mokl 7 O {bis TN A
CAS kI 7D/ RE v » THIZHFEL TV D Z EARB S iz, EBEIZ, SV 7 REEDZ
NENDRGIETHEN L N RX v v T 2FET D & DAL L T D (Figure 4-26)
127 MR R AR Y R Y TR TN T T AT 5 L B2 b LD,

REANRFEIT, ZN O ORENEE LT LB LD,
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(_) MI-CN-MII = MIL/MIT

A
E‘ -1.2
?_104 - Cri/crl
z Cril/Crt
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B 0= Fel-Ls/Fel-Hs 0.2 0.2 Crll/Crl  Fel/Nit
_§ Fel/ColHS  Fell/ColHs
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E Fel-Ls/Fell-Hs Fel/Cotrts ~ Fell/Co™® Fell/Nit
© 0.9 0.8
g 10 - L1 Fel/Coll-Ls Fe"_l)é)o"["-s Fell/Njlt!
o
£ 15 L 15,
g Felll / Colll—LS
)
8
wi FeCoPB FeCoPB .
CdS PB rCrPB FeNiPB
 Z KCl Nacl  CC ©

+)

Figure 4-26. Schematic illustration of E for bulk CdS™ and E peak of bulk PB and its

redox redox

analogues'?’ 142,
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4. fEw

W EADI 7 aUsEERIH LT, M8 RERTH D CdS kL & o3 FREMEAR T
&% PB KL T2 HA L, T OEAMEINIZE T CdS Mk O YFHE L E 1% PB ki 1
~BE S, FOBALORIBICRY U, £, RE TG Z TR R T & 7228,
WAL LT T Tid7e <, AR Ko TaEMOEN (74 brr Iy ) FEBSHE
TW5 (Figure 13), AFETEA L2 B0 2 7 o OSEIE, SHIER Bk D BY
HDOIDIZANRFIETH L Z R ENT, £ LT, ZOFEZFMTIUE Mok +
DIAHEOEEEZ DT TOARERE b o TR T 2B TE 5 2 LRI TE 5,
LL, ZOWIELOI 7 ainmafIH L, AR THH - 7R85 RN &
BEPEARTERL - DA IR, MUISATFEEI 2 < — RN MBICE D £ T, S H R D ERD
WIRENMETH D, Flo, EANRKFIC L DMRFHEZIZIUD & LIcEO i, Wi
JEIZ L > TRBIIFIHMHEE TR TV, 2k, IR AT MLZB W Tk 7
2100cm™ OWRIIZF31F 5 i TH LVMEFE S DN LE TH D 12012 REf I COETBE)
BT HNTND ZENRBIND, 1> T, AR ELBRF LRTIUT R0, £
DXt E ik L, b hiuE, Bl L7z X9 ICFEEBROFEIC L VARG DY D
LG L - TERIHT BRI T ORIRA FTREL 725 Z LA THIS L, S HITEHE
BOFNA A%TF ) A ZCTERTE 58 THHD CHKES AOBHRENLOTH S &
Ezx bbb,

AKETIE, AFA M I LD I 7 aUSBHIcER L, £ ORIGSEIT X - THEDEH]
PEVRIRENERSORL F 2B LTe, SO FA UM I v A O I 7 a OGHITE, Rl fr
BB AT 5 Z L MmO N TV A, BARMICIE, Co' A AR Cu A AT BNTED
SERECE 2 WIS 2 EAERETH S 1O WETIE, R ZonF AU A0

7 v RIS ORI BUALBREES A B L, BTBUREREMERO - DRI 2 3 7
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1. Fr

AR & CIIREME BRI L B 7 + N7 1 X v 7 0 PO RGN 8 R - 2 A L
BHUCHERIRE MR F 2 B L T & Tee 2O OMBHE, FHIUSEMEDLEY) Z itk
R F~EET 5 2 L THRICK 2 Z OBRFEORE A EBR L7z, —FHT, HETDI
DIZVRHICHTF A MW IvA DI 7 0 OSHBIZER LA L TE e, ZoRIGSZFIH
THEAEWT+ N a Iy I nFEEASTE DT Th BRI+ OB S IZ b AR 72
FETOLZENRENTZ, ZORNHITEL, DL EOBEAEMERLEHIARN T TR <,
B SR BRNEBRBE S A BIRIET 5 Z L b T g TN RE TR, C Of R RAEREE
BHZEB L, AEE TORR DBEEDILE M DOEEIZ X DB G TIR R W DR RE
kL DRI 2 372 72

WD 7 aesE, A A VRIS, BRAGE TG, MK IREIE 7 E DRk 724k
ERIGET ) A XTHATSE S 2 L BARER 20, MR TARICAEB TH 5 7, F72,
AFA M I vADOI 7 v OSHITE, FRRRNERE 224k L v 7 TIIRLER
CFREELENSED I L B TEHDT, BNALFROBRE A A Al & v o 723 B Iz 0
TEABShTWS, 2L T, dEBETE2HFOEBERO /L L (Co") A 4Tk, ZDK
IEHHIBNTH—F 7 v v 782 AT 2 EnmESh g "M g, BED
ZAIZ Lo CTRALF (H,0) OWBLAEA I Z 0 | R W ik~ & AR 225 2 5 7=
IR ZBRIETHD "V, Thebb, BFA UM I LD 7 uKEHIE Co' A A D
BN BRBEZHIE 2 Z E W ARETH D, — T, AOT 0 FD XS 7 =4 06
FREN D BN TIE Co' A A OSNLRELE ORI 2V, 2k, FmistE#l o
A AW AOT DEFEIE Na A A B F A MER IR OS2 7> (CI%° Br)
AF Vo lcAF U DEVNCE D, TROBEM ALY 554 F L DFEOHFET,
SARBLE I S D, £ 2T ARWFETIE. A F A M X B OR R ZRRMIEREE S
£ % Co'' A AL OSLARELE OHIBICHE H L, FFICIUEIR Co'" A A L 85K & BBk L L7z (—

)72 L 202 K B A, NHE Co' A A AN HIBRIA TH 5., ) Bt =L b -k
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(CoFe) v 7/ BUGEEIED AR Z R, Z OJEREMEDF i3 2o 72,

AEICBWTHER LTz L b k7137 71— (CoFePB : K¢>Co; 4Fe(CN)g6.9H,0)
I 1996 4EITHERE DI L - T, M1 COEBRBIEHSE ST R SN °, 4 B £ Tk 258
BNRENTEY ., TORFEBMEIELITA S NITR->TnD P2IE sz A,
. BRI LS o L EREEIEM B 1oL W VRIS K AWML 7L P R E B
72 R OB REME DO REM AN AT T O TV D, L L, REIZE 2 I LDk
PPN EBREESS 2 B L7eohi 7 AT ES | F2 2R E TIZER SN TV DKL T- Do

FREEME b RTZICHET S Ty,
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2. EB
2-1. WUE& Co" 1 AV ED AR

DDAB (didodecyldimethylammonium bromide) (% Aldrich 7~ 6, Hifk = /3L kXK
(CoCly6H,0) . M= TR B ZNZENEA LT,

DDAB (0.46g, 1mmol) % b/ (10ml) ([Z&MEL7= (0.1M), Z OFiE~ CoCly-6H,0
(22mg, 9.0z mol) ZHZ, BEWKSBIET, T ORBIERIZILED ek tad i @z
F L7, ZOSBUKEER~K (0.09ml) ZH T LML RS, 2O FRIE W=5
(W=[Hy0]mol/[DDAB]mo)) 12725 L O IZFHEE L 72, i F LTV & WEFITKEEH HHK

CBEPA~EZE L, FREE LR ART DI LN TET,

2-2. CoFe v7 / ZERGSEIARPRI T DIERL KR 3L 2 CoFePB, 7V PB DERK

CoFev 7 / ZRIGSHALELUE DR

WAL H— 8RR T (FeClr4H,0), 7 =V 7 Ak U 7 I (K3[Fe(CN)g]) 1EFIED 5
BEA LT,

DDAB (2.3g, Smmol) % KL (50ml) (2R L7Z (0.1M), Z O~ CoCly-6H,0

(0.11g, 0.45mmol) Z/Nx ., HEESE STz, Z OHBIRRITIEE O /e Kk EiEH G x
L7z, —J7TK;[Fe(CN)s] (1.64g, 5.0mmol) KIFEKZFHEE L7 (1.0M), Z @ K;s[Fe (CN)4]
KEHE (0.45ml) 2y BRI~ T LI L ST S 72, 2O F&EIT W=5 12725 K912
FEE L7z, M F LTV & WEIDKEEAN GBS Z L, Rt b 2<A
g% 2 &R TE T (Figure 5-1), & L C, S EMEA 22 00 B L - TERE L7z, LUF.
AR LTS T RE A A2 LA 1 (Compound 1) &9 5, TEMBHNIZH T, 7
2 a ARV MW ESETT (BT HE Y LK<,

23V 7 CoFePBDEER

CoCl,*6H,0, K;3[Fe(CN)s] % ZALZIAKIZEEME LT= (0.1M), #i%E L7 24 5 ORI % [F]

FRZNA ., L SRS, mna MRz EOEESE, LB L72bD2KIC TR
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BERK

Figure 5—1. Schematic illustration of the experimental procedure for 1.

WL, s, LIF, Ak L7 FeCoPB #{t&5#) 2 (Compound2) &7 %,
7YV PB

FeCly*4H,0, K;[Fe(CN)g & EAVEAUKICEEfE L 72 (0.1M), Fi%E L 72 2 6 ORI % [F
RECINZ ., WL <R S BT, a4 FKEREEOIEES S, B LZH D& KICTH
L STz, LT AR L7z PB Z{kG% 3 (Compound 3) &%, i, IR, *"Fe Mdssbauer

AL Rb, SQUID IZ X DEEHFMEORERIZ, F3E3-1HIIRLTH D,
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3. MRRUOEZE
3-1. Co'" A A vtk —EruI v 7k

RVECERRP O R 2N Co' A AV EEED S —F 7 1 X v 7 K& UV-vis TRILA AL
7 MC Ko TRl L7z, 2@ bV U ¥HRIL. 700, 500, 380, 290nm (UL A MilERE S 4L
7= (Figure 5-2a) , 700nm OWEUL L PU A (Tetrahedral : Td) Co" A # > 0 d-d BRATER L,
500nm O #UiF/\HE A (Octahedral : Oh) Co" A 4> @ d-d EB TH 5 "1 380 & TF 290nm
OWIUTENT - (H,0 Jx Y X : CI', Br) 2> O AT EILILHT (LMCT: Ligand to Metal Charge
Transfer) \ZERETHEE2 505 ", LLEOFER, WIKAND Co" A A1 Td kT Oh
DT OSRNLEZ L TND EEZ BILDD, WL DR Oh NFEMTH 5 LR S
N5, HEWT, ZOWIKRE SOCTHE L & ZAWIRTORAITIRNE Y 7 EhbER~ L
BAL U2 Z E DR S 4, UV-vis WL A7 hLERIE L7z & 2 A 700nm & 290nm DI
AR L7 (Figure 5-2b), 700nm DOWLILIE Co" (Td) A A > @ d-d B TH Y . —7F5 T 290nm
TEALT (X) 2250 LMCT T4, ZiuE, Co' A A 80 OFNLREED K5y T DU i 12
£V Ooh (B 7th) b Td (FHf) ~LZBb L2 ERRBEN, I EALRNIZENT
C' A Ao —Fru v VEENERSNTZ, T LT, KOWBPEICEL > TEHIC
[Co(H,0)6]* A A > 2 & [Co(Hy0),Xo]R° CoXy> A A 2 ISTERL S AL, RIS ST ACHL E A3 il &
ITNWD Z EDHERTE I, — AU, Td SR Z B LG W aRIEE LT, O5 W BN
DENLF DR D56 . ORI FICZ Td 25861 2 K 5 REMF2 672556, @fFmn
BN TR & WAEMZ b OBUL TR DHAND 5, REBROE LT, Co' A 41
d BT OB B F e ThHolDT, U EOEE KL EZ NS, —F T,
Td #5231 5 dEF (@b d) OERBICENT, BAE LR LKA L RIOENRE
ZOIDLD, G AHI LT — [tet WIS NDOTRERAE L AZR2 D IZ <, TTH
AEVREEZ b Y Fin, Td SEADRERE L E LT RV X — TR N S WO TR
EVETNEERBEA L Y 55 LN TS Y, 20 Td OREZ RBIEICTRET % &t

DAY M ~E RS2 (Figure 5-2¢), T OIEEROY—F 7 1 I v 7 FetEIX AR T 6 iR
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T& 7= (Figure 5-3), £72. T OFEBRGERIIWAS ORERHRL LT ", Dlkaex
LD E BFA I EALND Co" A A iE, K (H0 B ) BF(ET 5 & Oh 2%
RS D DIKIIAIED LA 13 Td 2R IRENTTERKT D, #EL CoFe 7/ ZRIGSE ORI 113,

H,0 TiZ72< CN a3 5 Ks[Fe(CN)KIsK 2 MAx 5, $70bb, XV ENLFHORN

Bfr7 17 (CN 5o N RIASEAL S 2) ZMMA T2 LT/ b,
0.20

o o o
o — —h
(=] N D

Absorbance

©
o
=

0 \
200 300 400 500 600 700 800
Wavelength / nm

Figure 5-2. Changes in the optical absorption spectra for Co?* ion containing in revers micelle, toluene
/ DDAB / H,0, at W = 5, before and after thermal treatment, (a: black line) before treatment, (b: red

line) after thermal treatment at 50 °C, and (c: blue line) after keep at room temperature.

Figure 5-3. Color change of Co% ion containing in revers micelle, toluene / DDAB / H,O, at W = 5,

before and after thermal treatment, (a) before treatment and (b) after thermal treatment at 50 ° C.

3-2. RmEiEMA (DDAB) ERERIOYMEFLM

DDAB [RZERTO 1 O TEM 8Ll L7z & 2 A, PRI (3.36+1.10nm) DKL F TH D
Z &R S L (Figure 5-4a-b) . S BT g bR Sz (Figure 5-4c), Z DT D
T — U =25 (FFT) fRFTIC X o T, PB BISRODE FHREMT /& — o 3455 959 jpfen X
itz (Figure 5-4d), % 3 FR O 4 B CTHIR72 L 912, DDAB OFFAED 7= OAFIEMAT
WN#ETH 5, fit> T DDAB ZFRE L THEEMIT 21T > 7=, LI#% DDAB ZkR%E L7 1 0¥tk

BALINE 2N
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D =3.63%1.10nm

2 3 4 5 6 7 8 9 10
Particle Diameter / nm

Figure 5-4. (a) TEM image, (b) size distribution, and (c) TEM image of superlattices for 1 with DDAB

o
|

0

surfactants, respectively. (d) FFT difraction patterns of selected area for 1 with DDAB surfactants

from the TEM image of (c).

3-3. BEREKR UMD RES Y

1 DMK X BERT 2 L& 24, PB A O =R BAES 2 LicEe—2s % &
FRFICARAMNC 2 2T e — 2 B 5 ive (Figure 5-5), £72, 2 XO'3 Lol —7
IR WThoBETE—27 b EAR~T 7 R L, BT E—27 b EE (a) 2R (d=
A/2sin0 . A : X #RER CuK @ =0.1542nm, 0 : [E#764) Li=& 25, 9.96A L7220 2 (10.26
A) ZOV3 (10.128) X0 /W&o TnD I ERMERENT-, T72bb, A7/
HHENFE S oo TWD Z &R LT, o, ZOEFAZ—r by =7 —0R (D=K 1
/Weos 0 . D : g R ORI FREDRE S, K: BR7 7274 — (09). 2 : X #iEE CuKa
=0.1542nm, W : ©— 27 Ol (rad). 0 : [BHA) L0k FRE2REL-7-E 25 112
+04nm Th 72, TEM BIE LV RS > 70 PR FR I D b RELRoTVND Z LI,
DDAB #FR\Ne 2 &2 K0 kL - O R ETEME OB R TR 7R L3 G LT\ 2D 2 & AR
Ehiz, Zhud, FETH D Fe(CN)e A A Hsk Ok 721 Ol CN 12 X 2 FAre)

RBBZBND, —fRIJIZ, PB RO OBEURITK I TR R FTaMS D 2 &
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725, DDAB %< LK CN BIC K DRSSP HETT 5 LB 2 bivd, £7-. DDAB %k
WIZIRRED TEM B4 4 L7 R, 1LY 3 <0 R S RO R & W 2 & 3R C
&7z (Figure 5-6), L22L., ZIHDFERNS | RifRIFZDPREL 25 TW5H23, DDAB %
BRELCHMBI T CTHDHZ LR TE, PB LRBEOEOTIEEETH D Z & D3R S
72

FEWNT IR A7 RLRTNXFA 705 1 OffpcZ RA S 72 L Z A IR A2 L&Y CH
ffEAREN S BLRI S 4U, XFA KV Br Mt S/ 2 & 726 DDAB 23—l L 72 tiE & 1
&z (Table 5-1), ZAUZ, RHiD Co' A A VICENM L7ZBr ChHhdEEZ B D, Kl T
XPS IZ X > TENENDILEMIZIIT SRk IC# (Co, Fe, N, Br) OG-/ F—%& i
fib o7 (Figure 5-7, Table 5-2), E£7-. GO MIERRIT. KFE (Cls) OFFHZ=RLF

— (285.0eV) % R\ E 24T 572, 11231 5 Co2pys TN Co2psys 1 798.3 K T} 783.3eV I,

5 (a)

@

~

2 ,

2 (b)

..“C3 :

= (c)

g S g § § § 8 §
15 20 25 30 35 40 45 50 55 60
20 /°

Figure 5-5. XRD patterns of compound (a) 1, (b) 2, and (c) and 3.

Figure 5—6. TEM image of 1 without DDAB surfactant.
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Table 5—1. Formula and molecular weight of compound 1, 2, and 3.

compound formula weight
1 Ky.3C0; - LFe(CN),ICl, ,,(DDAB), ,+2.9H,0 | 456.69
2 Ky23C0; ,5[Fe(CN)]*3.3H,0 355.83
3 KosoFe[Fe(CN)g1+5.5H,0 386.43
(a) Co 2p (b) Fe 2p
1
1
800 790 780 725 715 705
Binding Energy / eV Binding Energy / eV
m \
410 400 390 380
Binding Energy / eV Blndlng Energy / eV

Figure 5—7. XPS spectra of (a) Co 2p region for (1: black line) 1 and (2: red line) 2, (b) Fe 2p
region for (1: black line) 1, (2: red line) 2, and (3: blue line) 3, (¢) N 1s region for (1: black line) 1,
(2: red line) 2, and (3: blue line) 3, and (d) Br 3d region for (1: black line) 1.

Table 5-2. Observed binding energy (eV) of compound 1, 2, and 3.

Compound Co 2p,, Co 2p,,, Fe 2p, ,, Fe 2p,, N 1s Cls Br 3d
402.4®
1 798.3 783.3 721.7 708.9 285.0 68.6
398.3
2 798.1 782.6 723.3 708.9 398.5 285.0
709.2
3 722.3 398.1 285.0
713.0®

*Binding energy of (a) and (b) are expected N presence of DDAB and high—spin Fe, respectively.
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Fe2pi o B U8 Fe2psn 13 721.7 R TR 708.9eV 12, Nls 13 402.4 KT} 398.3eV (2, Br3d I3 68.6eV
cERENBI SN, £70, 2 RO 3 IFOUIME & T 5 Lanv M EA R Lz T, 103
Co (2pip,30) DV T FIVIREN Fe OFRE LI T 5L 5502 L REED Co A A
IR Fe A A NTHA, DRV EARIE SN, £7-. 27 PB OHEE T Fe* @ 2pyp
12 723.8eV. 2psp T 711.9¢V T, Fe* 0 2p; 13 721.4eV. 2psp 1E 708.6eV T 5 1 1t -
T1DEAFeA A3 EICFST72bbF™ Th o = LRI S L7, 2 T, 113 DDAB
HISED Nls (402.4eV) KT Brad (68.6eV) 238l &7 Y, 2o & H%MNIZIE DDAB

DEFELTWAZ LA RLTWS,

3-4. NEEEMKEMEOFE

1 OEERFHEZ T 572012, @Yy (0.5T) I2RB 1T DIREKRAEZIE L, Foie
EOWkk & BE L OBf%E%EZ 7 v v b L7z (Figure 5-8a), & L C. Curie-Weiss HIl % i 4%
LIRS T, WL D Weiss EHZRDD L-1TK THY 7 = VA RIE LT, N
T, EBWRAER (xm) SHEXHRE (1) ORAZEREOREKE LT xul-T 72y MZk-T
A HE R o728 ZARIE 300K) MHIKIE 2QK) £ TOREHENICEWT, #
RMMCAE VB AR L T D 2 E DR SNz (Figure 5-8b), #il T, ML OBIGIKTT
PEZ QK KOVSKIZBWTHIE L& 2 A, 2K Tk 1FE AL E AT U AT VB EER
RHAEERHZRL TS Z ENHRTE S (Figure 5-9a), ZDOZENDHH 7 UREMEE WD
I EDPIRBENTZ D, ET2 SKIZBWTRIZIEFMETH D Z & 3r & iz (Figure 5-9b)
LrL. axwl-T 7’0y MZEBW T, BALORGIRFNED D 2K TR 22 F0 B E 2381
P E 72D T EEMITIE 300K 235 10K £ CTOREFHAZ L2008 @Y ThH LEEXHN
%, T Z CiEIZ, Curie-Weiss Al & OREALER DWW TRRIAT % Y, ME OB RINED % bF5E
FTHIDICHERERITEE WIS TH D, HRIEEIER (1) DOHE6. BEmERTNE
X722V, IREREER DY . 2L OLRE, IREIFELEIT 5

x =C/(T-O) (1)
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Figure 5-8. (a) Reciprocal susceptibility of 1 as a function of temperature before illumination. (b) Plot of

magnetic susceptibilities ( X ,7) vs. temperature (7) for 1 at #= 0.5 T before illumination.

15

(a)
(b)

—
o1 O

M / 108 Gem3mol™!
& o
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o

MW 3 2 91 0 1 2 3 4 s

Field/ T
Figure 5-9. Field dependence of the magnetization for 1 (a) at 2 K and (b) at 5 K before illumination.

Z % Curie-Weiss Al & VW), (C: WEICEA O EEL (Curie %K) . © @ # B Curie 1,

T:E (K) Thd, /-, BRE— AL bu'2bo0F 1EAN, BETICHD X
DFEREMERIALER x w13,

x m=[(Nag 1t 8) BRIV (Ny: 7HRA Fu$, g: 727 (A Landé) @ gBF, up: R
— T BT R RMAESR, J: A ES) R TR )
2725, ZORIL, xuDIRE TIZHHGITL5Z2 4R, 2V —HIZOHDOTHD, %
2. BERE— AL bu %k

n =g u plJU+1)]"? (3)

EBTIE, Hpy7e T U 23 (P Langevin) D
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xm=Nau)3RT (4)
BELND, ZORMRNG . EREME LR x v ZHETIUT, BT — A h O FERHE
Lo BN,

1 ep=RT 3 m) >IN (5)
X @) TEEDpld, AIBKE—AL b uep EFHEIN TS, xuT & LTRD HATZME
ZRE T LTrry b5 e, HEL W OIWEDOMRFHEDEEZTI~D Z LT
&%, xmTIESQUID (IZ &> THROLNAMET —F ZHNTRO X S ITROBND,

x T =[ (1) X (B2 + (REd) 1< GREE) (BN : cm’mol 'K) (6)
LEDOXEHNT 1 OAEIREBOBERZITo72, £lo, TNENOMKBLGIZ OV T
Az L7 (Figure 5-10),

JERREHT Y O BERAFEDZE (L% 2K, 0.5T OFME T CTHELZ & 2 A, AIEIETHIZ LY
Z O x T XML (Figure 5-11), — 5T, &AL Z 2K, ImT (28 TRIHDERETIC

EO AL DAL BRI LT & 2 A, BbITE KR L7z (Figure 5-12), £NENDSRMETIZEH
(a) ¢ ) 4
TN AR
ttte

o3
T -

Temperature Te

o
v

o
— v

Figure 5-10. Magnetism and magnetic interaction. (a) Paramagnetic behavior, (b) ferromagnetic
behavior, (c) anti ferromagnetic behavior, and (d) ferriamagnetic behavior. Each figure showes the low
temperature position of the spin. In (a) and (¢) X ™' vs. Tis shown. In (b) and (c) the same quantity is

shown above the temperature the magnetism vs. temperature is plotted.
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Figure 5-11. (a) Changes in the temperature dependence of the magnetization for1 induced by visible
light illumination for 1 min at 2 K and after keep at 2 K with an external magnetic field of 0.5 T,

respectively.
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Figure 5-12. Changes in the magnetization of 1 induced by visible light illumination for 1 min at 2 K and

after keep at 2 K for 1 min with an external magnetic field of 1 mT, respectively.

(T 5 AIBDEIRGTIC K DU D2 kI, PRI AT 15 L T DIRBE~ L R o 72,
ZORREY | BRI L DREI R AV ORRICES oA RSN,
To 1~ AR RS L7228 ) uT RORHMBIZZE(E Lie o o, 2 OISR 5 B

Rtk DZAL 2 BET 272012, IR ISR D3 ehrEIcE B LT,

3-5. DHFER ORI S BRRSHEEILDEE
1 OEHERIZICE ISV A B ET AR, BEAWETHSL 2 KN 3 OWttEE
UV-vis WX, IR A7 Mz ko CTEHIE L7z, (XU DIZ, 2 @D UV-vis WX AT h L&

15 BEARRE CHIE L7z, WEREHIEEB K Z KBr 7 4 AZ IR LIz b D &HH Lz,
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ZOFEFR, 550nm & 380nm (2 E NI AL S #v7z (Figure 5-13), 550nm DME AWK
X Fe A A& Co A A U BOEMBENRIA (IVCT band : Intervalence Charge Transfer
band) T&H Y. 380nm DOWILT T = U o7 L AL#kA 4> (Fe(CN)e) OB B UL HT
(LMCT) TH 5 ', F7z, Fe'"-CN-Co"™ #iE DM D “LAWICBE L TH, 20 IVCT
R R385 205 560nm ICBLILD 2 E VR EN TN D W 72| 3 0 UVevis I ALY
R VTS 1 2R O OO ZE TFEIZHA L T D D TERET S (Figure 1-8), #Hi\ T, 2
D IR A7 by, BRI THGE Uiz, WERBHIERM AR Z KBr 7 1 A 7 1T L
EbOEMHA L, TORE, 2100 (2 04 —), 2130, 2160cm™ IZZ T Fe A A &
Co A A > M@ CN HifEHEEN MBI S v7z (Figure 5-14), 2405 OWIL % SCHERIZHE > TR
T 5 &, 2100cm” 1E Fe™S-CN-Co"™ ], 2130cm™ 13 Fe™S-CN-Co™™® ], 2160cm™ 1%
Fe""S-CN-Co""™® ] »> CN fifiEEE ¢ % 1> 1%, 3 D IR 227 MV FEERIC, =R, Bk
KBr THIE L 72 4% 5. 2082em™ (2 Fe"™™S-CN-Fe""™ ] > CN iR 81 23 iez2 S 41TV % (Figure
3-2) U EDOFRAZSEIZL 10 UV-vis WL, IR A7 bVZRIE L, 217> 72,
TUOIC, 1 OEERKZ KBr 7 4 A7 2B L. UV-vis WIR A7 FLZERIZH 0
THIE L7z, IR 2RI 113670, 600 (= /L4 —), 380nm |Z LLEAIHE A\
W ASEB S 7z (Figure 5-15a) , 670nm & TF 600nm O WU IE, #ERkA 4> (JFUEH JhEFD
WU Tl A2 W72 22 N & 7k 97728 Fe A A2 & Co A A VD IVCT /N> R ThH D LR
SND, Thbb, ZOWRART MALBIE, SRR ORL DRENFELTND
ZLAVRIBEND,380nm DOWRINIE 2 L RERIC T = U 27 Ak#kA A2 (Fe(CN)s ) O LMCT
LZEZ6ND, ULEORRNG, 11X 2 O@RBIEAILITRR L Z L RBIhD, £,
FIRIZBN T, ISR OFHE A U L 7o BRI T o 7, RIS, R, 9K 123
WT 1@ UV-vis IR AT bV ZIE L7ofRER, SERERETORIN ' — 7 [ 3=IRIC B 1T 5%
WE—7 LFREETH D03, B TFEENHL 72> Tz (Figure 5-15b), 2k, =i
BIREEETEELTNWDZ EZREL TS, IKITBWTHENEIREHIE D AR

MO ZBRI LT 2 A, WIRKD > 7 NSO 72 72 I o B2 < RIE A
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Figure 5—13. Optical absorption spectrum for 2 at room temperature.
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Figure 5-14. IR spectrum for 2 at room temperature.

FIRICTHE L7 b D & FEROIRREIZ /2 o 72 (Figure 5-15¢), ZAuid, 2 D IVCT /32 KA
A K> THEIRIZBIT HEFIRE~pEE SN B2 6ND, £ LT, AL
LD ZDART MVOZAGIL, AL 245 15 L e odRiE~ & R 5 72 (Figure 5-15d),
AT, 9K IZFWNT 630nm DJhEEF i 2 IE L7 R, £ OEMEFHITA 50 B ThH D =
EMHERE T & 2 (Figure 5-16), § 72 b, AIHDEIRENTAE O BEAHFIEDZE L 2 A > TV D
EWVWx D, —HT, BIEERE L CHRICERITBLIII S o T,

FeWT 1 OERKIKEZ KBr 7 4 AZ TR L, IR A7 RV A ERICBWTHIE Lz,
2000cm™ 7> 2200cm™ DN Fe A A2 & Co A A M CN fifEIREI M S iz, SR
HRTTIEL 2076, 2101, 2130cm™ (v 3 L& —) IcZzh @R SNz (Figure 5-17a), Zh

SOWINE 2 OFEREZLITIFET S L. 2076em™ 1F Fe"MS_-CN-Co" ™ &, 210lcm™ I
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Figure 5-15. (a: green line) Optical absorption spectrum for 1 at room temperature. Changes in the
optical absorption spectra for 1 with visible light illumination at 9 K, (b: black line) before illumination, (c:

red line) after visible light illumination for 1 min, and (c: blue line) after keep at 9 K for 1 min.
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Figure 5—16. Relaxation curves of the absorption band at 630 nm for 1 after visible light illumination for

1 min at 9 K.

Fe"""S-CN-Co"™5 [, 2130cm™ 1% Fe™5-CN-Co"™ S fl D Z 2o CN fEEE Th v . B—
U SR R BT D L RE M Fe™S-ON-Co™ S 12722 > T\ 5 Z L S RIB &N D, £72 UV-vis
WL A7 oL ERIERIZ, FIRIC IS W TERAE R OV 2 BT L 72 2V R I 2 I3 D o
7o WIT, FEMR, 9K IR 2 IREATD CN fiiRE 2 E L7z L 2 A, HERliZkT oY
— 7 LHARY T FLTWD Z E MR TE, 2083, 2108, 2138cm” (3 2 4 —) IcZnE

N S 7z (Figure 5-17b) . AU, IRIRICT 2 Z & CREEOZEMITHEVWEFIRES £ 7
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HFEELTNDZ EER LTINS, IKIZEWTAMEIEIRGHIZE S ON ifEiRE D&%
HELZEZ A, ONMFEREI ORI Y —27 0> 7 N &8 L= (Figure 5-17¢), Z Ui
AEERHIC L > TEFIREBOZEEZREB L TS, £7o, AIfERHIZE s Z DA~
ML OZARIE, AR 212 1IR3 5 LoD RIE~ L R o 72 (Figure 5-17d), — 5 CTHSAME
ZWH L CH TN -7, Mz T, DDAB BRERTEICEIT D UV-vis WL, IR A7 K
NOBEACITIED > T2, Fetkl, UV-vis WL, IR A7 hLOFEREA 9 72 DI EIB L V9K
28T % *"Fe Mossbauer ZA~22 b L& L7~ (Figure 5-18), JEMRETRT, =R TiL HE
(Isomer Shift : 1S=0.299mm/s, Quadrupole Splitting : QS=0.655mm/s) & — H#} (IS=-0.244mm/s)
WENENBRI SN, Ziud, Fe"™™ & F"™S |[TERT 2RI TH S & B2 5., #alt
K (%) 1% Fe"MS/Fe"™5=19.5/80.5 TH 5 (Figure 5-18a), ZDIFEIL. 732 PB @ *'Fe
Mossbauer A 22 LD H% 2512 LT\ 5 (Figure 3-3) , = L CEMS AT, 9K Tl Fe'™®
(IS=0.299mm/s, QS=0.495mm/s) & Fe™ (IS=-0.156mm/s) TH V. #attLE (%) |
Fe"™S/Fe'™5=3.1/96.9 Td - 7= (Figure 5-18b), = DFEHIT, BEEHFNED gl OFEE & 1F
—H L, ACUBREDLLTHDZEEZRLTWS, Thbb, BERFICHESTFe A4
& Co A A VHDBEABIRNEBOALUVEBENEI - TNDHEEZHILD, HVT 9K
ICBWTHHEEZBE 42 &, F"™S (1S=-0.175mm/s) (2ANZ. Fe"™ (1S=0.299mmy/s,
QS=0.496mm/s) HAELALT, #EEHEER (%) 1% Fe"™/Fe""5=6.2/93.8 T& - 7= (Figure 5-18¢),
UUEOFER I Y 1 ORIRIZI T 2 v SRR PE O BERARED 2K, Fe A 4 DEF
WENSZEILLTHNDZEND Fe A4 L Co A AV MO IVCT /N> AN SVE 718
DRI ST EZRBLTWD, Fi2, TR 2 A R OSADERSR 2 L T H &b
1372 <, K ITBWTES RS 2 L TH 2 RIFBI Sz h o7z, DLEORERIT, "It
BRI R D ERFFEOEB L ATEA L TV D LB bhd, T7hbb, LITafEREIZ LY
IVCT N2 R S, T OEFBEN > TRIEAFE S EL LR, EERD

CoFePB L [FAIERD A I = AL TH D LRI 5 (Figure 1-10),
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Figure 5-17. (a: green line) IR spectrum for 1 at room temperature and changes in the IR spectra for 1

with visible light illumination at 9 K, (b: black line) before illumination, (c: red line) after visible light

illumination for 1 min, and (c: blue line) after keep at 9 K for 1 min.

ga) foe Felll—HS. : Lt
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Figure 5-18. Fe M&ssbauer spectrum for 1 before and after visible light illumination, (a) before

illumination at room temperature, (b) before illumination at 9 K, (¢c) tafter visible light illumination at 9 K.
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3-6. HBEICHETIER

SIRIZI T D “Fe Mossbauer 222 [ L OFERTIE Fe"™ ofFEN MR SNz, LT,
AH CN FED CIA~ENL L2 ITIRA B U iEE & D52 LD IR AT MLZEWCH
IS 72 ON fEIEENZ4 T Fe™S LJfB L7- (Figure 5-17), T 7255, “Fe Mossbauer %
N7 hE IR AT MLOFERIIFELTLE S, ZOMBEICDOWT 3 O UV-vis I
(Figure 1-8) . IR (Figure 3-2) . *’Fe Mossbauer 22~ /L (Figure 3-3) } (! XPS (Figure 5-7,
Table 5-2) MHHBLELTHD,

[T U HIT, UV-vis LA RV TR, 1O IVCT Ny ROWIRKERIT2 & 3EnEho
FRICBIN TV, $72, IR A2 FUZEN T, 1 Tl 2076em™ DN % Fe'™S-CN-Co"
[H10> CN MAHRED & JtJs L7278, 3 Tlk 2 OFHBE oI % Fe'-CN-Fe"™® LB c& 5 (2
KO 3 ICEALTEAVIZREBOFERTHLO TR L LTEHEG LA TOEITIBEZOND
D, AR WM Z R 2 ECIIRRICRIEIC R S22, TR, 3 ITRIT D MM
94 FIZEIT D PB KL T ORI WM & L3 2% & 43 ke (Figure 4-3, 4-4, 4-5) <0l
KA (Figure 4-6,4-7) 13, 1ZEAEEBLL TWARWZ ENDLLFHIATE S,), T78bb,
UEDZOSDRFIZ L DRINBER>TND I ENEZXLND, LT, XPSIZBEWTH 1
BT DEITLROMBET RN 1L 2 & 3 THRIBENZELRORME T FLF —OFHfE
ERLTWD, LEEE 9w b e, 1 121E Fe'"CN-Co" D4y LA IZ 3 DRy
(Fe"™S-CN-Fe""™) £ EHENTND Z LAREEND, fE> T, “'Fe Mossbauer 227 L
O F" O yE, ERLEL IR 3 OENTHLEBEXLND, ZOZEND LiE, #
HERBRBIFEAMIZR > TWD Z LRI END, ORI ICHMET 2L LTRO K
INCHEET D, LI, AFA M A OR RN EREE S 2 R LR D RFIC Td Y
Co' A A U EERZRIERA & LT D, - T. CON FCHUE SNt 2 Rk 5 Rrgh Ak
kL 2R DF ¥ — /3T L A3 Oh B Co" 1 A L SBIR 2 RITBEIA & L2354 & Mo 25 ks
Do ZFOFER. BIEDOF ¥ —INRT U A5 Z BT~ DIT Fe(CN)e A A > NFEE A~ L#

M & WEBEZATIE D Fe A A > OBFIREBORITEDBIFA A PR D LRBRSND, Th
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[T, 11281 % XPS D Co KU Fe DIBEZHET S &, Fe DT I STV 5
LENLLRMBTE S, EDOBELY 1 OFMAEIEZRTT L L. KL HD Fe A 4
Y OEFIRREN R D Z &2 Fe'™-CN-Fe""" Oy O ERNE 2 i, )i, REd Co A
AT IR A7 R XFA, XPS OFFHIEND BrsBiL L TWD LB A BT &M
OHEMERE IR RIR SN D, o T, REDBEA A > OEFIRGE LWkl 7 ATh o

ZNEITRRD DI, NEBMEARNT LA LR SN LEEZBND,
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4. K

AFAANEHI LD 7 v OSHITB T 5 R R RS S 2 FIH LT, Bl CoFe &
T BRGSO ARSI LT, T LT, EMTHI BB EMLE R LIZ, 20
WFHEBALD A B =X LiE, 2K IZBWT 1O IVCT N> RaEalfitic kit w5 2 &
&~ T, BEFBEMNFE S, ZOWRENED (50 B) OffrFFshd, LT, 2D
HH AL T CoFePB EFRED A W= XL THDH EEZBND, o, LS
D/NZ VBT, 1 OREE ENHEOBBA A OEFIRENERD Z LA TPHIS N, T
$eD CoFePB & FEAMZREIREEN R D Z LN PRI S LD, HHEEEMEICRB W TIE, 1EE A
ERS R0y, REIZBT 20 F A A L vV OR R FOSSE. BTBBEREVEA B

DRRRDIZD DI FiEz R ET b B2 6N 5,
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1. ¥
URIO Y AT AT, A7 + b7 v v 7 5+ ~EET DRIEERBEHRORE VL
JIRED LD ThH oo, AT, FrITHWHEAROMRIFLICER L, A7+ Fr7 a3
o F a2 BE LI H R T 2B Lz, 1L oI, MR r e
(SP1822) ¥ 7 NN~ L liR(bEk (Fes04) MK ZME LT AT AT, HiRIZET
LENLIFIC L VAL OB KRICHKII LTz, L LR L, 2O AT ATIEHALOEE K
TIEEH L7y, U0 BRI TH o 72k O vl 22 N 1IN 72 B 72 v o T, WAkl
7R 2 SEHLT B T OIS EUENE T R B v (CpAz0CN'Br) & 7Ly 7 7 L— (PB)
MR 72 W LB EIC K> TEALTEH LW AT AZBE L, ZOEAMEIOR X
SRAECIRESIT L0 N, AT BDEIREHIC K 0B U, BB W 2Rl S Lz, BLbEo
TODVAT AMIBT HWACEALD A=A NT, AT+ a7 5O RME
IZHE D BT — A 2 b & BRI 1 & OB BRI R E/ERICE 2R TH D, LLATO
VAT AED ZORA = R MFRE ST TR, IEFI D e < FEMICHRF S v Tue
mole, ZOXIIRWREDRIT, AFROFRIT, EDOAN= AL Z R R TE T
LHEBZOND, T7bb, A7+ M7 v v 7 0 FOBBE— AL MK o THME
RORKFELHIECTE 5 Z L 2R TELLWVA D, LT, AT+ b7 m 3
7 Gy & WEMEIRORL - & OB EIEIT, JEHIER LA B 2 AR T D T D DM Bl FH & L
THIRFETHLZ L &R LTz, Ll BRI THELIZEZN LDV AT HIZ DN
BAL AL R PO TNEWNWS D Th o7z, T72bb, MEERG 2 S 5I2dE L TVl
BERetEom LI TE 5, LT, WETLIREO DI, AT+ horuI v rhnr
DREHEARBRL IR T 2 RNEDN B D, RNL 0 BEMERRL -~ AEAEH &2 I T AT + b
7y 7 OBENZ T ITHEREEOR LI TE D, b9 — D, BRI
CAET A N a v I TOIRFREAICEI DB TH D, WEE(LFEES TEMTE N
T LD, XY RERBALOEADBIIFFTE D, b DERMEZYE L TWOITITHREME

DO EFHFTE L EEZALND, FERIT, AT+ b7 v X v 75T EERIE AR
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FMER L2 AT AT, JEMENIC & D BB R KME (7 L LTV D Z & AFER &
NTW5, LML, AT+ 7 a7 5 1rOEERTICET 50BN ESZ Dt Al
EVSTERREN B D 720 ALFRERIC K o TERIT 5 & W o T B M ERREHC Lo T
AT DEMFEL T, TOHEMEITAE D BUHGF-T— A 2 N BSREVERIRL 7~ 5 2 5 8
TIERA D D LI C bz, £ 2T, ABHETIZBIN e b2 b (Bt Z{bRDm 1)
HEBT LT DICHHAMBIRG A RE Uiz, 37205, AR EEERTH HCAS & /1
BtERTHLPBOBEA TH D, JBHLONOFf T X B4R A BRI 5 72 I2id, BEtEIR % 1%
BT DREMEA A A TEE, BLIRTTCTED VAT ANEETH D &B 272, BRI
WD 7 a s E R LCAS EPBZ T ENMRL T L, S HIZZ DX 7 v sy
EEAEOSSE LCHIHT 2 Z L CHFE Lz, ZOEAMELI, TSRV IC8EILR
FHZ X 5 CASHRbL7- D b 8 1 2 R H U E2PBIk 7238 L=, & L CPBk 7 DX
Kt JEOn/Off L T 5, 1o T, ZDV AT M, SHIEBRM A R 2 BT 5 720 O
BB Cd D L RIREIC, BBl ERALHIE O 2 7 = XL ERBELTND E VR D,
ULDOFEET + b7 v v 7 5 L BHERBRL T SO 8 8RR - & e IR fohE
T ORI HEAEWRLOEEMENL, FHCZOMBIRRGHCEA FIEZEE L 0D, L
L. O (LB ORI B IR L7 e 57280 ARBFSE Tl B & L TRk (Fe;04)
Lo rREER (PB) ZMEH L7, ZRZNRARDE/IE, sk, Basttchs 2 &
B ENENDILEWITE Y 72 ERGH 2 LT IR 67 neZE2 b, T7khbb,
INECTOMEREND ., KFEETBBEFA LI AT A%, BRACWBIER IR
RECholc b Bbiv, o FHMEERTRITIRSD Lrosid T Thb, £, —FH T,
T+ b 7wy 7T R BMERRRL T ~EREM S0 2 LIk o FREEER TR <
L IRETEIR DIZ D B EN LT WEBZ oD (O TBMERICEE T+ N e Iy o 0T
ZALTFRES TEM L7256, bITOEAH R CIde < o FREMEIR 2 ZEACE 1% & L 7ot
BB CH D B2 DND,), LEDZ L0t MERREEOBA LV 22 o ket

Aoy IR L TREHT DM EN D D, —H T, HAEEZFE L TR 2B LSS
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— I a b &2 LT iuidZe o 7ewn, BESIBICEE LTI, FRICHEERBLO A H =X L%
FECRETT AL ERNH D, F L THEIN, ISHMRBLE NG S, RIZV I bEmDZ

NENORHEZ T ICIBRT O LERDH D,
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2. SRR

4B MO 5 ETHE Le A F A4 oM miEMEA] (DDAB) 726725 EAdI 7 m
FOGYH A& B Lo Bl et 2 98 S, B RE ok 7 2 A1 L T <, i el
(K ToH % CASTRL T & o3 FRENER TH HPBIKL T2 A L7 A7 A, ZHE TSRV
BRRESETH D, T LT, AR OB A= AL ERE L, TDA A=A LI
DN MBEGH 2 TR LA LR O R E 2m E3ifi s, LnL, RifL72Xk 9
22 OBEETEITHRE B ENTD D 2 B ER LR A S L. £ OBKURHE
ZH LB, 5o THHELR Y 7o —F ORZBIHEE->TE Y, el
ENTHRY, ZOFEE—BEARBERE LTHWA IR, S 572 FEBROMEN D
ZLOMRAER/LIVEN DD, L, bL, 207 Fe—Ffiafb i, RO
FIEIZ LV MAE D DILEWOMRL 712 K o THERRIZ Bl sEMERCRL 744 D A1l H 23 w]
RBERDZENTHIIN, SHICEEBEDT A A%T ) A ATERTE 28 THRD
THBRELS AOBHRFEVLOTH S (Figure 6-1), 5%1L. ZOFEO NS ES
A TW5, ZOMRIE LT EDIZROZ LEEZTND

A FEORFIIWIKIE QK) (BT 2B(LONHIETH D, LCix 0 BREEOBIA,N D=
RATED XY @IRIC T D e bl 2 32 7o, Bk L7z K oI, ekl EF B E 2 F|
M3 2720121, BEERIZS FREEREZ AW ER "B L, £ LT, TOoFHMEERE L
T, Kb TE HPBEELUAIZER LT\ 5, PBEEBUKIT, & OMEMEREOMASHE %
Bz 5HZETHRRIZBWTRBMEARAT L0055, £/, FH4EW3-5HTHIRR

(2, N EEFBENTL, CASDO/NY R¥ v v 7 LPBOMILECHEM P EETH D Z L2

RBEINTNWDS, Thbb, SEEMEERLE LTCISEHWESGE, 2O REy v
PIZERLIE TN 2 A 2 Wi B W CTHREME 2 8L 2 PBIRLEA 2 & T & Ul
TONBALHIE A FRETH D, —FH T, b LCASO/N Y RF¥ v » TP E SCNAAL A3 7 1
AUXCASPIA D ARG R A5 Z L THMEFEBLITX 5, #it-o T, fiAatbED

IEEMITERICH D, o, THETOMETIE, DDABNLRLWIELDI 7 rK

- 128 -



Inorganic

*Magnetic materials
PB analogue

Oxalate complex

Poly acid

Iron oxide

Metal cluster

= Semiconductor
CdS

ZnS

PbS

Fe,O,

Organic

*Photochromic compound
Spiropyran

Fulgide

Azobenzene

=Electrochromic compound
*Phosphor

*Polymer

*DNA

Figure 6—1. Schematic illustration for novel functional nanoparticles using reverse micelle as

nanoreactor.

JIEHTEE LTV DL, 7 =4 MR EEER (AOT) O X B/ THREBROZNIR Z RET
LTWETZ, EIFE, mEMERERZ G B(L ST D LR ~_723 | S8 8 R 3okz
BB 22 TR Ry v 7Z2HIHTE 2, 37205, CASTHRL T DORiFE A i L 72
IR BRET L TV E oW, RERZ G L 2R D > 27 A& BEHdiuid, A m i b
FHiL, SHITERWERENRTE LD LHIfFSNLD,

— T, HBHETIL, DDAB o725 IBLDOI 7 s T LRI TZ ENTE
IRWRFRRRLBREE S A M LT BRI DB USRS Lo, Z ORFZEEE T,
RIBRMR & U C MUY Co" A A v 8tk & IV RS Fe(CN)Y 1 A > Z N2 Fiiiie s 7T/
BESEARZ AR LTV DA, ANEN\ EARRISEA Cid7e < . DUET DY AR & 5 N P

TIDGERZ M Z X, BRMORY L VoL 2 R0 TIE v ntEZ6ND, L
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MU, ZORSHEMM L7ZBRL A b O TORTH 5, 1o T, UL~ T
LIFFII SADBEERNEZOND, TR H, 2O DDAB 65 ItrnI s
0 SIS TR RE R T 2 B T 270D T & L TCRE 2R ZO TN D, 2
DR ZFIH U CTHELD 2 VI a7 2B F DB A BRET L T & 720y,
INETHEARNTE LD, W I BEITRA REREL B TE it e +alcfA L
TWo, o, 7777 7 v o= BLE Xk b, BRKIZER S Tun 5 23,
Z OHUEIZ - TA L 5 A ORIED T OMERAL S OWPEZ 3§ 2 5 2 THHIZ
HERBERTH D, WRFOESEFB MBI ORI TICEEL T, R0k L8
AR RETRM DO R TR SIC Lo TIRIT D L TVWE LW EZEX TN D, £, KRBT
BT HHEELEWOI T 7T —Fnb, FHIRICHD | L TBESKEFMEZ HIH C X 28 B2 1E
L CT&E 7z, AR CTRERFFELISN OWMERIE S | LIS OSSR K 2 P ) 1
Vo TEREMEM B ORISR A TN TV E 2, £ LT, BRI EBRE 5D S — %Y

S EE L TWnEZWEEZ TS,
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