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AWFIETHE, FOEMEEGSAICER L, EARCEEREICS O TROFOEZ BB 5 720 Ol
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1-1. BREREEEYL (Aggregation-Caused Quenching, ACQ)"

—MRAVI, D SO A WIS IRIREE TRV AR, — 5T, BEROEE
LRI TIE, EORNEBFRITURT T 5, #l2I1E, Figure 1-1-1 (2R T XU LoALEMIE, ¥
HARRE TRV DO R 2R~ (BEEM) 2, ZOEYNEE LR TORLELHILNT
Whe XY LACEWOIREIZ—EIC LT, BEE L BEEN D 5RGEROBEEOERIEG %
AT L, ARBOHEIMIZ LY XY L ALEMOEMEIIIK TT %, £ LT, WK TH
LTV Y LU i3 E D, BEREL 5, BERETE, WIRIRIE L 1ZR 72 3%
Blranie< s (BELAN) . ZOXHI, BEERETRICREMET T 2Bl 2 BEE LR
Jt:(Aggregation-Caused Quenching, ACQ) & V9, ACQ BI& 3 A U B JRIKIE, #EEIRIEICR W T, F
HPEDOEWNASY LU Pe-nf AEAERIZE D =X o~ —% BT 572D Th 5,
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Figure 1-1-1. Aggregation-caused quenching of perylene compound.?

TX v —ER &I, EIRED T L O KRB O SRR E LT, e R E AT
% Z L Tdb %(Scheme 1-1-1)Y, b &AL, nnfl EEMICE VB SND Z LR %0 =D, T
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Scheme 1-1-1%
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Figure 1-1-2. Luminescent Pt complexes.”

B Z0F, 50K 1-1 Fn-nfl EAEAIC & 0 =% v~ —% %77 %, Figure 1-1-3a l7° 3 X 512,
PEIR 1-1 OIS NS E 3D, £, RN O mFE R 3.40 A TH Y n-nfl AAEH
DHEELTBY, TF~—%2BR LTV, FHALY ML TIRIREIEE N 1x10° M (ETIY
RPERE) DL XL EARD, 1x10* M O @S TICH O T 700 nm ISHT 7278 7 1 — R7AR%L
N ROMELH &5 (Figurel-1-3b), Z 700 nm DR FEIZ=F o~ —BRICHEKETHHDTH 5,
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Figure 1-1-3. Packing diagram (a) and excimer emission (dichloromethane, 1.0x10™ M) (b) of complex

1-1.%9)
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B U727 4 v AOFREIEETFIERIZ0.0001 L FTH Y, ImkEE X 3 LK FJ 5, £ 7=, Figure
1-1-4 124 & 9 78R 1.3 2G5 TeR U ~—1%, minio DHEN 10:1:10 THHHA, BRI
W — 5T, RY v —OEAFTRIICE END AEHEOBIE BT L, TS ADREND
PRITK T T2 Z STV 5,

Figure 1-1-4. Structure of polymer with 1-3.*9

1-2. BREFERI (Aggregation—-Induced Emission, AIE) & AIE #3q53% 59

Tang 513 2001 4512, ACQ & I [ (A CUEEIRRE TINEIL AR T AL L WE L T 5 9,
Figure 1-2-1 12784 & 912, WL HE T D Hexaphenylsilole (HPS) DFEIFBIZR S v (BELEM),
LarL, R EBREN G2 5BAWROBREEOEIE 20k 2 ([T L TRERIEICT S &,
FOOBNEANBHI SIS (BEAEMR) . 20X HIC, BWIRIRELV HEHEIRRED J7 3501 &
Y% R B SR A AR RS R 5 O (Aggregation-Induced Emission, AIE) & U 9,

Aggregation-Induced Emission
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\ S ; > I r 2 by - A 4

Figure 1-2-1. Aggregation-induced emission of HPS.3)

ORI, AR LED T, SHETIZEL O AIE{LEY & AIE BEEK T 5
WA T T 5 ¥ AIE OB FIEIIREL ST 5L RO IFEEICHTHZENTE S,
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Figure 1-2-2. AIE activity mechanism 1.*
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(i) [EAIRRE T DM B 72 57 75 B oD [l s B O il (D o> FE BLEE [K])
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H o [lRTEEYINH] & 53 F-HREY N
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Figure 1-2-3. AIE activity mechanism 2.”?

® &BEHEAEROEM Y

AWFIE TG L LTV D EeERD AIE 25817 2 6 O #E ST b, Figure 1-2-4 2R
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% IR 1E (metal-to-ligand charge transfer, MLCT) & 1% % 72 5 % 13 % (metal-metal-to-ligand charge
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Figure 1-2-4. AIE activity mechanism 3.5
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DI E TR DD, EDI2d, AIE OFEBILIELLT, O I fFoEESIcis=F~
— RO & oy FEEOMH ) R, @ DUKFEREFE OTEM ] BN ORGHIE Y ATz BadE
RICBIT 201981, AIE 1EMEZR8 LW BRSSO ]I T 5, 512, MMLCT kv b=
ANF—F ¥ v TRREWDa-n*° MLCT HROFGIC K Y, REZIT TR, REAEXD bERE
DI E T Z &b aBEL 22 D (Figure 1-2-5), ZDZ L2k Y, Kix 7258 To AIE BB~
DISABHFETEDL L 1T D,

m* (igand) ————————~=27" Tis——— g*(ligand)

nn* MLCT ‘ MMLCT
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Figure 1-2-5. Pattern diagram of molecular orbital of Pt(I1) complex.”

1-3. AIE L&D RAH

AIE FEHEATEH L7238 BN, AHFET A A0S ARV, B - A0 EF~0IS AN
HFE S TW5b, Bz, Figure 1-3-1 1277 AIE(/LEW 1-4 B L5 R NHED R—E v 78
Bl & U7 A K8 4 A A — R (organic light-emitting diodes, OLEDS) 3B % S 41T 5 180 = e,
DT 734 ZADHNIE SN e 15 3.17% (1-4) 3 L1V 4.95% (1-5) T 0, Bk IR AU (5%) (VT Vil &
RUTz, —H T, FEMESE L AIE FEEMER 1-6 1, /T OREIZLY 0.5% & E L < RBIEDEIT
TN Z D XS ITHRNIEIC F—E 2 7 LTZBRIC, AIELAWIES TR AN EEE L CREZ=RM
KTT5ACQMEELMRT HFELE LTHMTHDL Z ENIFFEINTND, T7obb, AIE 1k
A% OLEDs ~DIGS AN ATRETH 5,



-4 (176, = 3.17%) -5 (1g. = 4.95%) - 1-6 (17, = 0.5%)

Figure 1-3-1. Application of AIE active compounds to OLEDs.*®

o, ZURTENRESCHMT 2B E RN TS5 2L b TE, AN ARFEZEA~D
IS HIIFF SN T D B 21, AL7R AL L7z AIE 1G4 72 tetraphenylethene 375 5 {K (1-7) 2 W C,
251474 guanidinehydrochloride (GAnHCI)IZx 5 NG 7 V7 I D a7 4+ A —3 a U E{KIZE
T B e T AL T 5 (Figure 1-3-2)™, ZEMERIRINETO 7 L7 X 8T 7272 F 1T B IR EE
T, 17377 L EHOWNEIZI D AR ERIRIE L 70D, Lo T, 17T IT AIETEMEL 2 D i
WIS E R, — T, BMAEZREICERINT 2 LT T I O oo A REEIT RN, 1-T 135
BORRE & 22 2 T2 D FOLIRE IR T 2,

4.5,

IA75”350

unfolded

9o o

0 1 27 3 4 5
[GndHCI] (M)

Figure 1-3-2. Application of AIE active compound to bioscience.™”

IHIZ, BRTICEENDIMED AT I O A BAYIZ, AIEJEMEZ: tetraphenylethene (TPE)
\Z 7 IR AE A LT BE% &7 (Figure 1-3-3), 2 5 3 U2 WINT %70, TPE &
BRIIDEIRETH 0, FEMEIITH, — 5T, ATIVEFEEFTIE, AT7IVETT XV
DKRFFREEIERIC LY, TR EE L TEREREL D, ZOBERETIE, o @B s
NAH7D AIETEMEE 720, VWL EZTRT, T7hbb, 7 XVEEEZAFT 5 TPE FHEAD AIE 3
B, A7 IvERIT D AIEROREE—& LTERT %,
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Figure 1-3-3. Application of AIE active compound to food science.*?

1-4. FBROELFEXEH

U EDIEZNG, 1-2 TR~ 3FHED AIE BBFEO S B, @ IBEMHEEIFEAOIE-] <
372<, O I3FoEEmSIZL D =F o~ — RO & o FEB O] Q@ DKER/EGOE
M ZHEEOENM FICHWA Z ETH AIEZRBLITE DB 27, £ CTAMETIE, HE
BEIRD AIE EED T2 D OB FaXEHER & LT ZH>DfR#t 25 272,

BN TR EHEHO « BFERERILICE S EEHWVENL FRFHI Z D= o~ —F oMbl &, i
LA D4y FIHEB OIHNZ K 5 AIE DFEEL
BN X FHEEHQ BN+ OKERES ZIEH L7z AIE OFHL

Z DO ORI RREHERHIIE L 72BAL - IC W TR R Do

BT - EEHE D

[ HFREHILICES S SEWEMI FRENC L DX o~ —TEROMmE &, BL D5 FEE) D
M#ENZ X 5 AIE OFEHL

BT R AR #HOIC i L= Bfr+ & LC, Figure 1-4-1 (2R A7 7 > = b U LENLF,
N,N-bis[(nitrilo(diphenyl)-2°-sulfanyl)](diphenyl)-A°-sulfanediimide (ndsdsd)iZ % H L7= ), z2r7 7~
= hUELEW LT S=N FAEHTHILAMO Z L 2T, X SMEEMIT O RN L O 1
ndsdsd |7 = =/VI%E 6 DFF > TV DH 7280, EE s LT (Figure 1-4-1),
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Figure 1-4-1. Structure of ndsdsd.*

Ndsdsd Bz 7257225 Co(ll), Ni(ll), Cu(lg&iE D& pid L OV X #IEEENT 3T T b
(Scheme 1-4-1)', X #HEIEAEHT & 1, ndsdsd B+ 0D WA D 42 IF - 13 P04 B S B RLAT S
HZENbhol, £z, FERICLVEEWEEL L TWD7e0, 5 n-nfl AR BT
LW Z EBLME o7z, LN - T, ndsdsd BN+ O A IZFEAIREEICBIT A% ~—
a2 ENTED, £z, WIRIRETITHEROREEGERIC L 0 ¥LIT5< 255, BEIR
RRB TR RIRIEE 2 INH S D 728 AIE OFRBDBHIFFCTE 5, 970 H, ndsdsd Bz 113X EHE
#HO THHEEHRRICE S GEWVEN FREHI L D2 =% o~ — koMl &, BAL1 05 FiE
BOMHNZ L D AIE OFBL ITHEYREN 728 B2 B,

Ph Ph <|
_s<
Ph Ph Ph.J \..Ph
S~ Ph™ W /17 "Ph
N N N N

Ph./ \..Ph MCl, “u
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Ph_ 2/ W\ _Ph
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N

Qsﬁ

PH Ph

M = Co(ll), Ni(ll), Cu(ll) [Ni(ndsdsd),]Cl,

Scheme 1-4-1*

B X aHE#H©
TBONL DK FRE A 25 LTz AIE O3 EL

BONL R FHE S @I L= B+ & LT, Figure 1-4-2 ("985 —#kF 47 2 RENZFICER L
B FFETIREIL, IVRUEET I ROV RNVBE L RER TICBEXHRI -0 ThH S,
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Fo, B ORMFAT I REIIEERT LOBREO—oONAKEBRTFTHHLLDOEIET, F kT
FT I REOEME LT, A ) —FF—N, T ) —F L EERSEERTZERN%ET O,

tautomeric

SH ilibri S
o E E o R—< equilibrium R—<
~~ ~ N—R' /N—R'
S S H
secondary thioamide imino-thiol amino-thione

Figure 1-4-2. Secondary thioamide.*

MIFFRETIE, F47 I FEOENERICER L, BN FI2F4T I REEZAT 50 AN SCS
TG B WS LTS P, BTEE T, B T AT S N R
HEO/NT D0 LBHANE T AT I REORMEZTEN LR 2 "+ 2 2B 60T L
7= ™) i 2 1%, Figure 1-4-3 \ZR T 85K 1IZRIR T, IAHRIREE CIEFEZ /R E 220 50 UL,
KFBIEET /8T X —TH DT I FHEHT 25 polyvinyl pyrroridone (PVP)RY ~—~ kU v 7 &
TRV TIE, 5K 1 OFOEMEITER LTz, — 5T, KEWMET 7 8772 —EANRVWEY <
—polystyrene (PS)Z HIW2 2 CIIFEMIRE TR Loz, UL, Zau 7 =4 U FEET
HPS~ R w7 ZAHTIE, SR LIZRIETREDRR L 7 L— 7 b %R L7 (Figure 1-4-4)"),
F7IREEL PVP OF7 I FEIIAKFR-EELZIEL L THWD 0 EELET H720IT, il an e
N-methylpyrrolidone (NMP)7 & HifEdh 2 Em L, S8R 1 O X $E &R 23T 7=, Figure 1-4-5
(RTE IS, BT AT I FEEE NMPIIKFE RS 2R L TS 2 ERH N7, P
FORERNG, FBICHREDOHEKRERIL, FMFAT7 I NEER) v—FidrnnT7=4%
DKFREIZLDBDIELEEZ NS,

e 1/Poly{vinylpyrrolidone}
PVPTR)yHOR 1/vinyl acetate
Ninylpyrrolidone Copolymer
il (532 nm)\ - - = 1/Poly(2-ethyi-2-oxazoline)
= = {/Poly(vinyl acetate)
=== {/Polystyrens
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L ——

T T T i
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Figure 1-4-3. Enhanced emission of secondary thioamide-based Pd complex 1.5
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Figure 1-4-4. Emission spectra of secondary thioamide-based Pd complex 1 in PS matrix with and without

chloride anion.*™

Figure 1-4-5. Hydrogen-bonding interactions of secondary thioamide-based Pd complex 1.5

T D DKRFEREEIT R DI RO ERNIAGR SCHAET OBUE, FHMIZONHRVARD KL H
WZBRL WD, BT AT I REA ) —FA4 =, 7T —FA4 v EERMEE R (Figure
1-4-2), T 7206, SEK 1 BKBREETEKT D E N-H OEERE< 570, C-NfEED
FEREGMENE T, TORR, T47 I REORIEMENE KT 25 2 LT, BT X 5 WA JE 0381
il ZAUBEIR 1 OFEIRE N K L7z & RIB X3 5 (Figure 1-4-6), F72, FFWEOTL— 7 K
M HEHITTE S X 9 IZ(Figures 1-4-3 and 1-4-4), C-N #a D —EREAMENHTZ L TF AT 2 Rk
DEFREIIENT D, LIei>T, ZOEFREBOZIIC L > THIER 1 ORIERENRHRK LT
AREME B E 2 B D,

A L EES
| EmRE
|
— SR FhRREE
hv ! D=k /(K +k,)
Kor | K,
; -
! hv O EFULE
| Ev k, RS E
v | K, SERETREEETH
H R AE

Figure 1-4-6.7
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I EDX 12, BT AT I REOKE-ESIIERORRE LRI EDL LN TE S,
L7eRo T, BT AT I RENLFITREHEHO TBLFDKFBREE 215 L2 AIE OFEBL
ARSI NAN T VA o = R oY IS

1-5.  ABIRO B & MRIERL

1-2 THR~72 K902, k0 AesR o AIE BBZ TR I BRMEAEERICHRkT 250 THY,
TREA~ITRNEIR DR Z 7T, LovL, F#LEHO AIE ORBLUTIETH 20 [ 1F0fkE S
IR Do~ —JBRR O &y FEE OS] &, @ [KEMEOEM % A EORNF
WCHWD Z & TH AIE OBBINFREIE L B R T2, £ 2 TAMZETIE, i fFosmSIckibTF
2= =T OIIHIREAL F TOKFEREATERIC LV, AIE 23545 AR T it
BRETDHZ L& HIE L, AR ER SIS, 1ERO4E M A/EAMMLCT H3kO% )
IZ&D AIE DFRBLFTIEL B D727 T, 2 F—F ¥ v 7N LD KRE V-2 MLCT H2k
DRENZRTZENAREL IR D, £ DT, 5 LICRFHESHE, RO EREATZT Tl <,
ALY R EORIAICT D Z ERFREL 20, TOFMMEITE L, BB OB CoF
FIZ 272N BRI TE 5,

AR SCEFNT =D D5y THERK S 4TV % (Figure 1-5-1),

Chap. 2 Chap. 3
Ph_Ph
S .

NEESY = AIE active - 'ﬂ)(@\(ﬁ'
Ph_/ \ _Ph Ph N N Ph
Py /7 Ph [ Pt complexes ] ~ ~

N N S S
Ndsdsd ligand t Secondary thioamide ligand

H H O+
Ph._N N_Ph
S S
oo,
Hydrophilic phosphine ligand
Chap. 4
Figure 1-5-1.
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55 2 FECUL, O ELAL T ndsdsd & V2 B SEIR O G R & AR RE T o> AIE FEBLA TG L7,
Ndsdsd Bfz+ & PE M =W T ' F= 8 U VR F & O 21TV, EACIREE T o AIE B3
9% ndsdsd BN+ D & OF AMEE IR LTz,

%3 WL T AT I REOKEMES, WTFA VR o2 —T =F MDA F
MM EAERZTER LT, BRI TOE hT 47T I RESRD AIE BBLZ M L7z, 5 kT4
T X REER & RTIREEIR T D255 =T 4T I REEROIRIRIRE & BEEIRIE CORIZEENZ DN T
AL, AIE RBHUCK T 586 kT 47T I REANL T DOKFERE OF AMEZ R Lz,

B AFETITAIE EZB 2 LRt v — DIt 2 ABEICEWT, B3 FETAR L AIE
TEME RS RIZBIK D poly(ethylene oxide)#H a8 A L, MEEEMEHAD K AIT T2, H3ET
TR BT Z N2 TR T2 B E S E T\ e, — T8 4 BT, AKICB W TBRK AR
AAERIC L VRS F2ACEASE T, SRAVBRICLS AIE DREHREZHIE L, £7-, @
FNZ X D 'O AIE ZEEBA~OZNRIZ OV TRE LT,

BEETIE, AMIEOREL LD, SHOBHIZHONTIRRS,
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FLIETIZAIE OREBLGEL LT, O 0 FomE Sk 2%~ —Biodifl] & 5 EH)
Ol Y, @ DKFHEOEHM 2, © IBREMEEMAOEM] Y0 3HEN % TF L Tn5
LR, ABETEHERAFEOOESEICL, B FEHEE & LT, FERICLY &EEVE
MAFZEERN LT, =F T ~—JEOH & o EB OMflC X 5 Befiko AIE BEUZ DOV T
LR AR D,

2-1. #

i

F1ED 12 T2 & 9IS, ko AeE RO AIE ORITIEIT@ O &)@ A A AEH 215 1
LizbDn%L, BEFENOLQOOBNIIEE A LR, —FHThill, BEHADIIFEFERICLV &
OV A L 7= N,N-bis[(nitrilo(dipheny!)-A°-sulfanyl)](dipheny!)-A°-sulfanediimide (ndsdsd)Ei {7+ %
HT %737 V0 KEEIR[Pd(ndsdsd),]Cl, 2342 J& AR HLAE A & 13872 5 BRI T AIE 2588 L7z & lis
L T 5 (Figure 2-1-1)Y, = OFEAIZERIR T, ¥AHEHKAE T3 ndsdsd BLALT- 0> 7575 B o [l @ B 12 )
DIRNERIS R, —HT, ERRETIIFERORESER IIMH S D, £z, X SAEERT
I2X D, ndsdsd BN I35 EFBREZ DB mE 020, EERIRIEIZE W T T TOr-nf EAEAIC X
HIXUY—EBHRLRNI EEPALMNILTND, ZOmmSOMRICEY, FLEREE MR
PO /NT D7 KEERTHEMRET AIE Z2 R8BI L7 L BLE LTV D,

Ph Ph  Ph Ph P

Ph Ph
“S=p NS\ NS
Ph_/ \_Ph Ph: I 1% \\S:Ph

Z < E— Ph” 0 /A /" ~Ph
Ph \\Ill ’{l// Ph N\SZN N$S/N
PH Ph PH Ph
ndsdsd [Pd(ndsdsd),]Cl,

ﬂ’ uv - IXIv—FEBLAEWL

Figure 2-1-1.9

BB L7291, AIE ORBFIED—DIZ, HFOEEIICR DX~ —TBROM & 5+
EBOEHINFF B TND Y, = 2 TARETIE, ndsdsd B FOHFRICE DEESICERL,
T T~ — TR O & 4y TEBOMBNCHEK Lz AIE OFEE B LT, B8ROy 134G
ZAT ol (Figure 2-1-2), 73 Faxalt DR A > ME, $EOTF o ~—TER A3 5 7212 ndsdsd
B FE2 MWD Z L ThDH, LIER->T, AIEFEIUIXTT 5 ndsdsd Blfz 712 & 2 =% v~ —JAk

DIH DR AT D 72012, ndsdsd BALF DO VIS FEEDOENT & b= b U VBN %
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W7o xtBEE AR A2 Gk L, ndsdsd $5KD R & & 2 7k KOS SEHRAE & O ek 21T - 7= (Figure
2-1-3), L L, "I LOT & b=k USERITER T ClEks L OERKE TR L 20
72, WEATARN S, 22T, —fRINCNRT D7 MR LD bRAEDIENE N L THSN
TWHAEHEER NS Z EIC L Y, KETIE, TR =M AMKEORELZELT, A%
$EIRD AIE 388U ndsdsd BN - Omm SITAHATH D Z L AW HnIC L, BlfrFaEHE#O 5
FEREHILICE S ERWVEN FRFHC L D2 =X o~ — ol &, BohL1 05 IEE O )]
\Z& 2D AIE DRBL i T 522 BERE LT,

7 N\
o N=

o S
. @@Q@
@(gv “\'\9@ _— = * suppression of excimer formation
Flow O Qi gy e |
}© @\ Sl /@ S suppression of molecular motion
N:ScN
et OO0 !
@@ AIE activity

Solution state Solid state

Figure 2-1-2.

.
.
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N 7 N\
SVAve =
¢ <) 24
NN 7\
Ss* N NQ
c” Sc
vl

ndsdsd&{k 7t b= LK

Figure 2-1-3.

2-2 #iCI%, ndsdsd BNz 1% —MEA T 5 AR D G L EFREIC OV TIRR 5,

2-3 fi T, ndsdsd BN & —fEA 72 Akl L OSSR TH D77 b= b U ABERD AL
ERETERRITIC OV TR D,

-4 HiClX, 2-3 HiCARK LIZsEARDEAIRIETO AIE 552 5 LT, ndsdsd BNz 10 i S D
R AR LIZRERIZ OV TR D,

2-5 {iTlE, AREDRE zilk~5%,
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2-2. BBWVWALI 7= MILBRNFEZBEETAIRELIT 1 v BEREEDOER & AIE FF
{i

2-2-1. ndsdsd B 1-% HA T 2R E V7T 4 v 7 GEA[Pt(ndsdsd),] (hfac), (11-1)D-E Ak & 1 fiE
Br

S TR 8T U7 AER[PA(ndsdsd),]ClL 1 AIE & %5145 7, 435 ARIZ3\ T § ndsdsd
BN % ST HRELTT 4 v 7 8KO AIE RENHFFCE D, TZTAETIE, STLT
T4 v 7 A AR & AIE FBLAFHIE L 7=, AR L 725K [Pt(ndsdsd),] (hfac), (11-1)i%, ndsdsd®
& [Pt(hfac),]” (hfac = 1,1,1,5,5,5-hexafluoro-2,4-pentanedionato) & 0 i i) & L3 78% T157- (Scheme
2-2-1), #EMK 11-1 13 'H NMR, BC{’"H} NMR 222 s LB X OEHESH 0 SRE L7-, 'H NMR %
X7 RV, BN ndsdsd & v —T =4 hfac DY 7V AR ZFNE NIRRT & 7= (Figure
2-2-1),

2+
Ph Ph —| 2hfac”

=

Ph./ \ _Ph
Ph” \ /)7 ~Ph

ndsdsd N_ N
[Pt(hfac),] “ptl
MeOH, reflux, 6 h N N
Ph_ /s \ _Ph

Ph” 1\ / "Ph

N=o=N

PH Ph

-1, 78%

Scheme 2-2-1

@ z 22
\_/
3
/\
z Z\Qm/z
— O

d e Ph.//  \\_Ph H
P Sen FoC CFs
Nx.=N -
b S o 0
a f PH Ph
C hfac
CHCl;
N T T T T | T T T T I T T T PPM]
8.0 7.0 6.0

Figure 2-2-1. 'H NMR (400 MHz) spectrum of [Pt(ndsdsd),](hfac), (11-1) in MeOD-d..
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[Pt(ndsdsd),](hfac), (11-1)D>7 & b= F U WRIRIZCY =F L —T VOEK Z P> < VIS &
5 Z L THHABORMSRZST-, X BHEEMT 21TV, ZOREZ P 622 L7z (Figure 2-2-2),
[Pt(ndsdsd),](hfac), (11-1) D H 412, ndsdsd Bz 0D il A D 28 SRR A3BLAL L 72 - if DU Bl Y
DEETH D Z L BB TE Iz, ERfEaR LA A% Table 2-2-1 IR T, XET DfEAE R &b
A % [Pd(ndsdsd),]Cl, LG L7 L ZAIRIER U THY, FLERBLII D ¥ —T =4 IC
L DREE~DEEIT N L b2 Y, F72, [Pt(ndsdsd),](hfac), (11-1) > ndsdsd Bz - F:A
O ERITA MEAFREBOM SR L ARETH D720, #EL Th N=S-N=S=N-S=N O
BURBIIHEFF SH TV Z & bIERTE -9,

Figure 2-2-2. ORTEP drawing of [Pt(ndsdsd),](hfac), (11-1) [50% probability thermal ellipsoids; H, C
atoms (apart from the Ca atoms of the phenyl rings), hexafluoroacetylacetoneto anions, and solvent

molecules are omitted for clarity].

Table 2-2-1. Selected bond lengths (A) and angles (°) for [Pt(ndsdsd),](hfac), (11-1) and [Pd(ndsdsd),]Cl,

-1 [Pd(ndsdsd),]Cl, -1 [Pd(ndsdsd),]Cl,
Pt(1)-N(1) 2.0322(13) 2.037(2) S(2)-N(2) 1.5584(17) 1.559(2)
Pt(1)-N(4) 2.0189(16) 2.034(2) S(2)-N(3) 1.5502(16) 1.554(2)
S(1)-N(1) 1.4860(15) 1.476(2) S(3)-N(3) 1.6654(14) 1.669(2)
S(1)-N(2) 1.6516(16) 1.647(2) S(3)-N(4) 1.4820(14) 1.481(2)

N(1)-Pt(1)-N(4)  90.78(6) 91.18(9)  N(1)-Pt(1)-N(4)*  89.22(6) 88.82(9)
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2-2-2. REVTT 4 v 7 §EA[Pt(ndsdsd),] (hfac), (11-1)D AIE &Ffifi

AIE FHIC 5721, HIDIC, TEEIRIEC OIS 1E A<=, [Pt(ndsdsd)](hfac), (11-1) 7 & h
=k UIVIRIEH TOWIL A7 V% Figure 2-2-3 (2753, BE# O [Pd(ndsdsd),]Cl, & &2 5 &,
280 nm LA F D3RRI ndsdsd BN TN On-n B Bk TH 5, 350 nm LAE OV T 47025
ndsdsd Bliz -~ MLCT 72 & &2 b5 9,

150 ;

120 1

(o]
o

o2}
o

103¢ / M-icmt

w
o

0 . . = . ‘ ‘
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Wavelength (nm)

Figure 2-2-3. Absorption spectrum of [Pt(ndsdsd),](hfac), (11-1) in acetonitrile (1x107° M).

VEIIRBE DRI A7 bV EJIE L= & 2 A, [Pndsdsd)z](hfac), (1-1)IX 5 IR CIERH Lz o 7=
2, 77 K OEIE FCT7 r— R3¢ %~ L= (Figure 2-2-4), —#%A9IZ, BENL N DOr-n* B H 3k
DEEOHE, BIEEFTOREARY PACREBBERROND O, —FT,
[Pt(ndsdsd),](hfac), (I1-1)DFENAXT MLiET7 e— R THDHZ & L HHENL FREED ndsdsd (35
JELARWZ L2, [Pd(ndsdsd)]Cl, & [FAEIC MLCT HSkDFEE & & 2 s ),

572 577
— CH,Cl,/MeOH (1/1) (1x10% M)

— Solid state

Nomaralized intensity

500 550 600 650 700
Wavelength (nm)

Figure 2-2-4. Emission spectra of [Pt(ndsdsd),](hfac), (11-1) in dichloromethane/methanol (1/1) (1x10™ M)

and solid state at 77 K.
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Iz, BERKREBTORLAXT M2 WE LR EZ A, [Pdndsdsd)]Cl, & #7220
[Pt(ndsdsd),](hfac), (11-1)IX =R F Cids i L7~ 7=, [Pt(ndsdsd),](hfac), (11-1) DA % v > J %
T, EAIRIETHN L 20 o T RN =X o~ — AU K D b D& #GE L 7= (Figure 2-2-5),
RLITHELTCND 7 = = VEOHEFERHL 356 A THH, 7= A RO LOERVIXIFE
ETRhoTe, TS5, HfHO-rfAEEMRITR L, BROBERRIE TR LR 72 ZE R
THX Y —IEHIC LD DO TIERNWZ LR LN E o7,

(side view) (top view)

Figure 2-2-5. Packing diagram of [Pt(ndsdsd),](hfac), (I11-1). Hydrogen atoms, hexafluoroacetylacetonato

anions, and solvent molecules are omited for clarity.

% 7=, [Pt(ndsdsd),](hfac), (11-1)i% 77 K ORIE T TR E AR EE T L EIRIREE(T7 K) & [AlEE 22 7Ok A
N7 MV THY, MLCT HkDFES %78 LTz (Figure 2-2-4), L7223- T, [Pt(ndsdsd),](hfac), (11-1)
DEROFERRIE THEZ R IR Do BRI o~ —ERLSMNI LD b D2 B2 o5,
/XTZ DT LEER[PA(ndsdsd) ] X, (ZFBWTIE, CIESND T 7 2 —7 =AU Fl(X =Br, I', AcO) D&
RIREETORAEDTHR LN TS 9, BERE L BARD T =AW R RIRLESY T OTFEC
E0, Bz 0% 72 L T0ENRTX v —2 R LN L2 L TW5H, Ll CI
USNDRT D0 LEEROBIRTORNIX, FEALEERITERJBR SN -T2, RT VT LG
{K[Pd(ndsdsd),]X, 137 T =T =F AW THERAFERIZIFR L THLH720, [FUFRL
FEIR(MLCT ¥#EAD) THRK L TV D EHERI SN DA, R SCHETOBIE, ho v ¥ —T =4I
K BFBELCOBERIIAATH D, —BIIZ, ERRETHRWENREZ RTZOIZE=X o~
— B OMEI 72T T, BHERETOS FRGOMELEETHD Y, T 7 LK
[Pd(ndsdsd),]X, (X = Br, I, AcO)DFER & BEICV LD &, [Pt(ndsdsd),](hfac), (11-1)IXE#HLILIZ 6
{E D 57587 % F¢> ndsdsd Bfr % 2 fHAVTI Y, o FIREINE Z 5 ATREME DS Eh - 72D Tld/e
WhEEZBND, TZTAIEDOREEAZHfE LT, EARETH 5 FHRE) Lo3 0 ndsdsd Blfiz+
Z 1 2L T, 2 f8H® ndsdsd EAZT- DRV & L THmEMER K OMIENED & BT
(2-phenylpyridine <> 1,10-phenanthroline) & fl\ iz ~7 1 L 7' 7 ¢ v 7 5K 11-22-5 DGR EITH Z &
\Z L7, F£72, ndsdsd BT O m ST K 5T o~ — TR OB S A2 RFET 5 72 O %f Rk
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e LTTER=hFUEERI-6 HERR L, FEIAD AIE FEBL 2 FHM L7,

2-3. BRVALIZVZMILBRHFE—ERATEIATALIT1 v ORBHEOER EHEE
Rt

B 401 0> 7 1 T JEURE 8 1K [PtCI(ppy)(Hppy)] (ppy = 2-phenylpyridine)”, [Pt(bzq)(u-Cl]], (bzq =
benzo[h]quinoline)®®, [PtCI,(N*N)] [NAN = 1,10-phenanthroline (phen), 4,7-diphenylphenanthroline
(bathophen)[* Y% &k L7=, & EURIE(R & ndsdsd & % 5O S, ndsdsd Blfr 7% —H>BF T 5~7 1
VT 4 7 SER[PY(CAN)(ndsdsd)]PFs [C*N = ppy (11-2), bzq (11-3)] & [Pt(N*N)(ndsdsd)](PFe), [NN
= phen (11-4), bathophen (11-5)] D& % 21T - 7= (Scheme 2-3-1), &% L7- 8451413 *H 35 L OV Bc{*H}
NMR A7 FL, TESMICEVREE L, fKFH L LT, [Pt(ppy)(ndsdsd)]PFs (11-2) &
[Pt(phen)(ndsdsd)](PFe) (11-4)? 'H NMR 2~ |k /L% Figure 2-3-1 {2553, [Pt(ppy)(ndsdsd)]PFs (11-2)
TiX, ndsdsd & ppy BifiiFD > 7T AR TE T, £7o, ppy B D a D7 v P4 s
7V T LT (Gpen = 39.8 Hz), [Pt(phen)(ndsdsd)](PFe), (11-4) Tl ndsdsd & phen B2z
TNV T E T,
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Vi \—‘ PFe¢
N=

ndsdsd - Pt<
PtCI H — N N
[PtCl(ppy)(ppyH)] MeOH, rt. 5 h Ph_/// W _Ph
Ph" /"Ph
PH Ph
-2, 79%

[PH{bza)(u-Cl] ndsdsd
zq)(1-Cl)]2 oo ot mr
N N
MeOH, r.t, 5 h Ph._ /i) W _Ph
Ph [ Ph
N:/S\/,N
Ph Ph
-3, 61%
ndsdsd
[PtCI(NAN)]

DMSO, 90 °C, 3 h

N N
Ph_ /i W _Ph

- ~
Ph N g7 N/ Ph
PH Ph

R=H, (II-4), 90%
R = Ph, (II-5), 76%

Scheme 2-3-1
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2-3-1. 'H NMR (400 MHz) spectra of (a) [Pt(ppy)(ndsdsd)]PFs (11-2) and (b)
[Pt(phen)(ndsdsd)](PFg), (11-4) in CD3CN.

T U~ — TR O PIHNT ndsdsd BL 1O & s S OF ARG 57201, xHRgE ke LTT
¥ k= b U LSEAK[Pt(ppy)(MeCN),JPFs (11-6) D&k & 4T > 7= (Scheme 2-3-2), *H NMR Z-~~ |
JVIZBER D [Pt(ppy)(MeCN),]CIO, % 2127 & L 7= (Figure 2-3-2)*, £ 7=, [Pt(ppy)(ndsdsd)]PFe (11-2)
ERBEIZ, ppy BN T ad 7 a I AIAEE T v 7Y 7 LTy =464Hz2), By 7V v
TEREHET S &, [Pt(ppy)(ndsdsd)]PFs (11-2) (Jeen = 39.8 Hz)D J7 25 [Pt(ppy)(MeCN),]PF (11-6)
(Ipen =464 H2) XL W /N Evo 72, L7273 - T, CDsCN A Tlix MeCN Bz 1~ L ¥ & ndsdsd Bz

TDOFHN T v AZBITRN L vbholz,
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Pt -Cl TMeCN.Tt.7h
[Pt(ppy)(u-Cl)]2 MeCN, r.t, 7 h ™

11-6, 75%

Scheme 2-3-2

*%*
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‘]Pt-H =46.4 Hz /c’/, ‘\\C\
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Figure 2-3-2. "H NMR (400 MHz) spectrum of [Pt(ppy)(MeCN),]PFg (11-6) in CDsCN (* indicates signals

from the solvent).

[Pt(ppy)(ndsdsd)]PFs (11-2)?> ndsdsd Bl D14 0 (2 MeCN EfZ1, [Pt(ppy)(ndsdsd)]PFs (11-2)
D ppy BLhL D1 0 12 phen BAAL 1% WD Z & T, H4JH D OREIZENTH 0 E X ki
fiENT > HFAAT L7z, [Pt(ppy)(ndsdsd)]PFs (11-2) D HfE G I35 DLz inoT-7o, b & LTh Y
VA =T =4 ) Cloy T & % [Pt(ppy)(ndsdsd)]ClO, (11-2-ClO,) @ ik b & fERk L 7=,
[Pt(ppy)(ndsdsd)]CIO, (11-2-CIO,), [Pt(phen)(ndsdsd)](PFe). (11-4), [Pt(ppy)(MeCN),]PFs (11-6) 7 Hijk
TEnTh, 7k = bMVRIRICY = FLE—T L OERE Do < DTS ETER Lz,

FTHOIT, [Pt(ppy)(ndsdsd)]CIO, (11-2-ClO,) & [Pt(ppy)(MeCN),JPFs (11-6) & @ th#k %17 - 7=
(Figures 2-3-3 and 2-3-4, Tables 2-3-1 and 2-3-2), #&5AD A& 1213, ppy Bifir D RBERF & %=
FIRF-, ndsdsd Bz O M ARG 2B R - F 721X MeCN Bz 1 D ZEF R 23Eer U 7= i DU AL
BOEERTHH Z L BMERTE T, AEE Y OFEERITZER U TH D03, #EEMA N(1)-Pt(1)-C(1)
IE[Pt(ppy)(ndsdsd)]CIO, (11-2-CIO4) D F5 3% 5 FEZE A T2, [Pt(ppy)(ndsdsd)]CIO, (11-2-CIO,) D
A4 N(1)-Pt(1)-C(1) & N(4)-Pt(1)-N(B)iZ, [Pt(phen)(ndsdsd)](PFs), (11-4) (Figure 2-3-5, Table 2-3-3)>
N(4)-Pt(1)-N(5) & N(1)-Pt(1)-N(6) £ 1ZIEF UL Cdro7=, LMo, ALY DT ndsdsd B

FHRALEIC RN LEZZ EICERT L0 EEZLN D, KIZ, [Pt(ppy)(ndsdsd)]ClO,
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(11-2-ClQy) & [Pt(phen)(ndsdsd)](PFe), (11-4) D tbi#k 21T - 7=, [Pt(phen)(ndsdsd)](PFe), (11-4) D 14 i
(21, phen BAAZF D% FEF, ndsdsd BLL - 00 W A 0O 28 F - S EAAZ U 72 Y- U B A2 R o S A
ThHDHZENHERTE7-, Ndsdsd flld Pt-N OfEAE R &2+ 5 &, [Pt(ppy)(ndsdsd)]CIO,
(11-2-ClO04) ™ Pt(1)-N(1)iZ ppy Bl FDIRFIRF D ~ T o AFEIZ LV, [Pt(phen)(ndsdsd)](PFe)2
(N-4) X9 %007 AFEEL 2> T/~ (Tables 2-3-1 and 2-3-3), £ 7=, % ndsdsd £&5{APN ndsdsd
BN T DO RHAE# OfE A F 1%, [Pt(ndsdsd)y](hfac), (11-1) & AR, B HEULFIREEDFE S E & A
BETHDHT-0, HHEL TH NSS-N=S=N-S=N O AREITHEFF SN TV 5 2 & BER T & 72 49,

Figure 2-3-3. ORTEP drawing of [Pt(ppy)(ndsdsd)]CIO, (11-2-ClOy4) [50% probability thermal ellipsoids;
H, C atoms (apart from the Co atoms of the phenyl rings), perchlorate anion and solvent molecules are

omitted for clarity]

Table 2-3-1. Selected bond lengths (A) and angles (°) for [Pt(ppy)(ndsdsd)]CIO, (11-2-ClO,)

Pt(1)-N(1) 2.092(4) Pt(1)-N(4) 2.051(4) Pt(1)-N(5) 1.998(5)
Pt(1)-C(1) 1.987(5) S(1)-N(1) 1.474(5) S(1)-N(2) 1.671(5)
S(2)-N(2) 1.568(4) S(2)-N(3) 1.549(5) S(3)-N(3) 1.666(4)
S(3)-N(4) 1.483(4)

N(1)-Pt(1)-N(4)  92.47(19)  N(1)-Pt(1)-N(5) 92.1(2) N1-Pt(1)-C(1) 172.1(2)

N(4)-Pt(1)-C(1) 94.8(2) N(4)-Pt(1)-N(5)  175.47(19)  N(5)-Pt(1)-C(1) 80.6(2)

29



Figure 2-3-4. ORTEP drawing of [Pt(ppy)(MeCN),]PFs (11-6) [50% probability thermal ellipsoids; H

atoms and hexafluorophosphate anion are omitted for clarity].

Table 2-3-2. Selected bond lengths (A) and angles (°) for [Pt(ppy)(MeCN),]PFs (11-6)

Pt(1)-N(1) 2.072(10) Pt(1)-N(2) 2.008(19) Pt(1)-N(3) 1.976(9)
Pt(1)-C(1) 1.976(10) C(2)-N(1) 1.129(16) C(4)-N(2) 1.138(16)

N(1)-Pt(1)-N(2) 86.7(3) N(1)-Pt(1)-N(3) 97.2(3) N1-Pt(1)-C(1) 177.6(4)

N(2)-Pt(1)-C(1) 94.6(4) N@2)-Pt(1)-N@3)  175.7(3) N(3)-Pt(1)-C(1) 81.4(4)

Figure 2-3-5. ORTEP drawing of [Pt(phen)(ndsdsd)](PFe). (11-4) [50% probability thermal ellipsoids; H, C

atoms (apart from the Co atoms of the phenyl rings), hexafluorophosphate anions and solvent molecules

are omitted for clarity].

Table 2-3-3. Selected bond lengths (A) and angles (°) for [Pt(phen)(ndsdsd)](PF), (11-4)

Pt(1)-N(1) 2.033(2) Pt(1)-N(4) 1.995(3) Pt(1)-N(5) 2.013(3)
Pt(1)-N(6) 2.013(3) S(1)-N(1) 1.494(3) S(1)-N(2) 1.665(3)
S(2)-N(2) 1.571(3) S(2)-N(@3) 1.564(3) S(3)-N(3) 1.665(3)
S(3)-N(4) 1.502(3)

N(1)-Pt(1)-N(4)  9228(12)  N(1)-Pt(1)-N(G)  94.11(12)  N()-Pt(1)-N(6)  175.11(12)

N@4)-Pt(1)-N(6)  92.30(12)  N(4)-Pt(1)-N(5)  173.00(11) N()-Pt(1)-N(6)  81.41(12)
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-4, BEWRILIZUVZM)LBEHEFE—EETSHIATALTT 1 v BEEED AIE FEH

2-4-1. [Pt(ppy)(ndsdsd)]PFs (11-2) & [Pt(ppy)(MeCN),]PF¢ (11-6) & O b

AFETIE, 2-3 THR LIZSANEAIREET AIE 2B 200 EF -, IO, [ERR
HETOxF o~ —TR OB 5 ndsdsd Bhz 1D FFHFERIZ L 2 mm S OF AMEE MREET 572
Wiz, [Pt(ppy)(ndsdsd)]PFs (11-2) & [Pt(ppy)(MeCN),]PFg (11-6) D L %17 - 7= (Figure 2-4-1),

T e ~Ies
/N N=

Pt /
“N

W \ Va
Ph._/// \W\_Ph N O\
Ph™ 1\ /"Ph c” “C.
=g=N Me” Me
PN Ph
[Pt(ppy)(ndsdsd)]PFyg (11-2) [Pt(ppy)(MeCN),]PFg (11-6)

Figure 2-4-1.

(i) HRIREE T O FHEEED Ll

BfZ 1 ndsdsd & MeCN & DiEWIC X B EIRIKIE TO N FRES~DEE LT DH720D1,
[Pt(ppy)(ndsdsd)]PFs (11-2) & [Pt(ppy)(MeCN),]PFs (I11-6) DIRIRAE THOWINI L OFEH AT F L
ZRIE LT, 78 b= b UVIEET TORMKROWIL A2 b V% Figure 2-4-2 (Z5R9, STk >
BEHBICTH L, 325 nm LU O ppy 5 & OV ndsdsd Bl 7N DOn-nEB K THDH, Fiz,
325-420 nm (2 TOWIIT H4D 6 ppy BAAL-~D MLCT EBH K LB 2 b b,

120

—— [Pt(ppy)(ndsdsd)]PFg (11-2)

(o]
o

— [Ptppy)(MeCN),]PFs; (1I-6)

103¢ / M-icmt
(@]
o

w
o

0 V/\\’\
200 250 300 350 400 450 500

Wavelength (nm)

Figure 2-4-2. Absorption spectra of [Pt(ppy)(ndsdsd)]PFs (11-2) and [Pt(ppy)(MeCN),]PFs (I11-6) in
acetonitrile (1x10° M).
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WA, VEHRIRRE TOIN AT MV E SRR T & 77 K OKIE T CHIE L 7= (Figures 2-4-3 and 2-4-4),
725, [PH(ppy)(MeCN),]PFs (11-6)i% 77 K @ & & 30k i@ 0 127 & b= b U VIR TRIE L7z,
Figure 2-4-4 12779 X 912, [Pt(ppy)(MeCN),]PFs (11-6) D ==L T D ¥ 13 478, 512,543 nm TdH
D, EEREE R S 7-(1389, 1115 cm™), = Dk B IZ[Pt(ppy)(MeCN),]CIO, D SCEkIE & B —E
ZRLTEY, BE&ME ppy BNLF~D MLCT & ppy Bl N Or-n BB HKOFRE N THDHZ &
PHEERTE 72, 77 KIZBWTIE, 1x10° M D & X O[Pt(ppy)(MeCN),PFs (11-6)iZ 21 T & [Al4k
RIENAY FOVEREEG I 1433, 1115 cm ™) 2R L, BAERIIFE L TH B Z L Bbhotz, —
BT, 1x10* M DL DRI REIZL v R 7 b L, 645 nmiZ 70— RRANYT hLARLT,
Z O 71— R7R3E0IE[PH(ppy)(MeCN),JCIO, & [FAFRIC = o~ —JBRRICH R T 2312 Z 2 6
nos %,

[Pt(ppy)(ndsdsd)]PFs (11-2) b =R & 77 K R TOFNABLM T = 7= (Figure 2-4-3), 77 K T®D
[Pt(ppy)(ndsdsd)]PFs (11-2) D %& Stk £ 1% 485, 520, 554 nm T[Pt(ppy)(MeCN),]PFg (11-6)7> 1x10° M @
& X LFEIL & O AR IRENEE(1388, 1180 cm )3 . H 47z, L7235 T, [Pt(ppy)(ndsdsd)]PFe (11-2) 7
IS Ae D ppy BLfL F-~D MLCT & ppy BN N Or-n* & Hk TH Y, ndsdsd Bz 1135
JECHEBER S LT nEE 2 Hd, [P(ppy)(ndsdsd)]PFs (11-2) DR F TOIKIL, 77K TD
FEHWELIFFFR CTH LR, EBIHEEITLHL<, 7a—RF=r7 LT\, ERFTOARARXT K
NDTr—R=270%, MLCT E#IZ L D8RO RERIRE & B KRBT ORI FE— A hDE
TEAZHE D IS T OFFEFIAS, T7TK ORKIER LY b VLT W ThHE W, Lizi-T, =
5 K TOPt(ppy)(ndsdsd)JPFs (11-2) DFEKIT T 0 — R= 7 L TWAHR, TTK DL EDRENEE L
FERLTHLZ LD, TTKOLEZ LR UEMERTHEILL WD EEZOND, EIRFTTO
%%t % [Pt(ppy) (MeCN),JPFs (11-6) & b2 &, [Pt(ppy)(ndsdsd)]PFg (11-2) D3I 23 nm DLy R
T RETu— = O RA BT, 'THNMR 222 L (Figures 2-3-1(a) and 2-3-2) Tk ~7- X 9
(2, ndsdsd BCAZ D575 MeCN B 7L 0 & b7 o AETIR, T AEEOIR ndsdsd A
MFOHTNALICESHAEMAT S, HOMO OFEFEO = F /L ¥ —HEMS EF L,
[Pt(ppy)(ndsdsd)]PFs (11-2) DFEHIZ Ly Ry 7 b T a— K=V I RELEEEZTND,
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485501 529

— .t (1Xx10% M)

— 77K (1% 104 M)

Nomaralized intensity

450 500 550 600 650 700
Wavelength (nm)

Figure 2-4-3. Emission spectra of [Pt(ppy)(ndsdsd)]PFs (11-2) in acetonitrile (r.t.) and CH,CIl,/MeOH (1/1)
(77 K).
477478 g4, 645
— 1t.(1x104 M)
— 77K (1x10% M)

N - 77K (1% 104 M)

Nomaralized intensity

450 500 550 600 650 700
Wavelength (nm)

Figure 2-4-4. Emission spectra of [Pt(ppy)(MeCN),]PF¢ (11-6) in acetonitrile.

(i) [EARIREE TOIS R D Hlk

[Pt(ppy)(ndsdsd)]PFs (11-2) & [Pt(ppy)(MeCN),]PFs (11-6)IXIAIRRE T, F4D> 5 ppy BUAL -~
MLCT & ppy BNz N Om-n* R B 3k TRYE L, ndsdsd BNz 7- & MeCN BUAL I EHE5 612 5
LTWRWZ ERHALNE o7, KRIZ, ndsdsd BUNL 1 & MeCN BN 1D S DEVMNZ L 5
AIRBE T O R NEE~DEE LTS 7212, [Pt(ppy)(ndsdsd)]PFs (11-2) & [Pt(ppy)(MeCN),]PFs
(N-6) D FEAIRAE T DI AT bV % ==l T CHIE L 7= (Figure 2-4-5), [Pt(ppy)(ndsdsd)]PFg (11-2)
DERIRIE T ORI R 527 nm 1%, 7 & b=k VAR OFLEE K 501, 529 nm & FIZF LT
botz, £oTC, B TMTOr-niAMERCERBMMEAERITR <, BEACRIEDRERIFITERCR
RELFEILTHD I ENbholz, —J5 T[Pt(ppy)(MeCN),JPFs (11-6) 1%, 7 & F=k U /MEEF TD
FENWE R 13 478,512,543 nm TdH 5 DI LT, BEAIREETIL 582 nm L 100nm Ly K7 kL
TV, EIRREEOFEA Ly o7 b LB, - EAERICER L% o~ —FRtI &
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BHDELEEZLND D, Lizndo T, [Pppy)(MeCN),]PFs (11-6)iZ— ¥ o~ —T iz & 0 ik
RE & BE AR CREARBE DRI FRITIL T LTV D AIREMED E L,

(@) (b)
501 527 529 478 1o 582
— MeCN (1x10* M) — MeCN (1x104 M)

= 2

2 — Solid state @ — Solid state

= £ 543

e} °©

() (3]

N N

s [

IS a

IS S

o (]

pd p4

450 500 550 600 650 700 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

Figure 2-4-5. Emission spectra of [Pt(ppy)(ndsdsd)]PFs (11-2) (a) and [Pt(ppy)(MeCN),]PFs (11-6) (b) at
r.t.

(iii) E AU D L

[Pt(ppy)(ndsdsd)]PFs (11-2) & [Pt(ppy)(MeCN),IPFs (11-6)D 7 & k= U /L H1(1x10™ M) & [l {4
RIED IR T CORTILRE Ll L=, [Pt(ppy)(ndsdsd)]PFs (11-2) D7 & b =~ U LY O &1
I @IT 0.001>DTH 5 DIZHF LT, BEAREETIL 0.012 LRI RN 7o, WK L FEARRE
TORKEFIZFR L THDZ L&, WREV bEEBREBEO TR FIIH N LD,
[Pt(ppy)(ndsdsd)]PFs (11-2)IE—F > ~—Z Bl T2, AIE 2 RBLLIEEF 25, MR TH D
[Pt(ppy)(MeCN),]PFs (11-6)iX 7 & b =~ U /LIEIRH TlE, @=0.094 LRV AR LT, —J T,
B AREETIX 0.001>0TH Y, FNHRITFELARTLTND Z Lo, Figure 2-4-5(b)IC
Roid EH1s, ERREORLERENERRELY Ly RUy7 hLTnhHZ e L, FEfRE
TORNNBRPEIRIEL VD HIRNZ & 205, [Pt(ppy)(MeCN),]PFg (11-6) 1L [E AR T3 o~ —
IR L TW D RSN E W P, 2 o8, [Ptppy)(ndsdsd)]PFs (11-2) & % 72 v,
[Pt(ppy)(MeCN),JPFs (11-6)1% AIE Z 38 EL L 72 o Tz L& 2 Hivd,
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(iv) =% ~—JEROAEDHER

77 K OIKIE T COREEKEBOIR AT FVHIE(Figure 2-4-6) & X #AEEMEHT (Figures 2-4-7
and 2-4-8) 47T\, AIE % 781 L 7= [Pt(ppy)(ndsdsd)]PFs (11-2)IZ =% o~ —% R L TR Z & &,
AIE %381 L7270 72 [Pt(ppy) (MeCN),JPFs (I1-6) 1T =% v~ —Z Rk L T\ D Z & ZMGE L 7=,

TH Y —IORTMRIRICT DL Ly R 7 5728, FMEENDTF I~ —TER O A HE)N
MR T X % %), Figure 2-4-6(b)IZ3 3 X 512, [Pt(ppy)(MeCN),]PFs (11-6) D 1R F D F& Ik & 13 582
nm CTHDDICK LT, 77 KOFREHERIZ605 nm & 23nm Ly K7 FLTWe, LER->T,
[Pt(ppy)(MeCN),]PFs (11-6) | X E AR EEIZ BN T2 F o~ —Z2 K L TVD 2 E Bbhrot= ™, —F
T, AIE Z %8 L 7= [Pt(ppy)(ndsdsd)]PFs (11-2) D 77 K D EAIREE T ORI K 13 503, 540 nm TH
D, =IE T 527 nm & 1XIX[F U ToHh - 7= (Figure 2-4-6(a)), = D Z & 225, [Pt(ppy)(ndsdsd)]PFg (11-2)
TR ~w—% R L TN ERHERR TE T,

(a) (b)
503 527 582 605
2 P
‘@ ‘D
c c
2 ]
£ k=
e} °©
[} Q
N N
© ©
] ]
S IS
(=} (e}
pa pa
450 500 550 600 650 500 550 600 650 700
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Figure 2-4-6. Emission spectra of [Pt(ppy)(ndsdsd)]PF¢ (11-2) (a) and [Pt(ppy)(MeCN),]PFs (11-6) (b) in the

solid states.

BT, X BEEMT 21T - 72, 7238, [Pt(ppy)(ndsdsd)]PFs (11-2)13 B2 2 B fb 235 5 722 o
S 7272, [Pt(ppy)(ndsdsd)]CIO, (11-2-Cl104) % FV T X #RAEEfENT 21T > 7=, Figure 2-4-7 |Z/”8 3 X
912, [Pt(ppy)(ndsdsd)]CIO, (11-2-CIO,) D ppy ELAL 1D ¥ Y ¥ B OH FHEEL 3.26 A TH D, L
/2L, ndsdsd BLf7 D@ SICR Y B D UBRRT = SV EOER O ER VITIEE A Lo
oo £o0T, =X U~ —RKOERKNTH dn-nttH AMEHIZRNZ EBH LN ERoT, 2, B
MO 9.73 A ThH 0 1tk Ae85AD AIE RBLER TH 2 & BIEMAEER b R o7z,
L7235, [Pt(ppy)(ndsdsd)IPFs (11-2)1%, FEARAEIZ 350N T ndsdsd Bhr 1D S IZ XD =% &
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~— RO &, WHRIRAETA U5 H R BRORRSEE I S D Z LIk - T, AIE OFEH
NEE7ZLEZ NS Y, —5T, [Ptppy)(MeCN)IPFs (I1-6) D /% 3o 7 %% & & B A
TEM(3.52 A)721F ¢72 <, ppy Bz 1M n-nAl BAEH(3.46 A)2S AL &4 7= (Figure 2-4-8), Z Dr-nfHl
AERICE 2 =Fo~—RIc LY, BERRETORNDRITIFIRELY KT LZEEXD
b, LIehoT, Fket & X BEEMNT OFE R 6, ndsdsd AL 1 D@ S IE=F v~ —F
BOMGNZAHITHD Z ENHLNE ST,

(top view)

(side view)

Figure 2-4-7. Packing diagram of [Pt(ppy)(ndsdsd)]CIO, (11-2-ClO,). Hydrogen atoms, perchlorate anions,

and solvent molecules are omited for clarity.

(side view) (top view)

n-1 interaction

Figure 2-4-8. Packing diagram of [Pt(ppy)(MeCN),]PFs (11-6). Hydrogen atoms and hexafluorophosphate

anions are omited for clarity.

2-4-2.  ZE 0 ndsdsd B AT AMDOA~T 2 LT 4 v 7 85K 11-3-5 @ AIE 2l

[Pt(ppy)(ndsdsd)]PFs (11-2) % ndsdsd BLA7 112 & 2 BEAIRAE CO = F o~ —TEpk Dl &, ik

HETA LA HFHFREOBEEREE N INFH SND Z LI - T, AIE 28895 2 Enbho T2, IRIZ,
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ppy BefZ LIS DB & - Te~T 1 LT v 7 85K T8 ndsdsd BLfz1- D s S ORI K
D AIE NWRILT D0 EHDH7201Z, [Pt(bzg)(ndsdsd)]PFs (11-3), [Pt(phen)(ndsdsd)](PFe), (11-4),
[Pt(bathophen)(ndsdsd)](PFe), (11-5) DY HE & [E AR RE T DI LREME A bk U 7= (Figure 2-4-9),

2+

7 * R R | 2PFg
PF6"
Sad ==
N Pt
Pt N
7/ \

N N Ph_ W _Ph
Ph_ i \\\:Ph Ph/s\ 7 ~Ph
Ph 7~ Ph N:S/,N

NtsﬁN s

S PH Ph

Ph Ph

R =H, [Pt(phen)(ndsdsd)](PFg), (11-4)

[Pt(bzq)(ndsdsd)]PFs (I-3) R = Ph, [Pt(bathophen)(ndsdsd)](PF), (II-5)

Figure 2-4-9.

[Pt(bzqg)(ndsdsd)]PFe (11-3), [Pt(phen)(ndsdsd)](PFe). (11-4), [Pt(bathophen)(ndsdsd)](PFs), (I11-5)D 7 &
b= kU IRIET OWIL A7 kL% Figure 2-4-10 (2R, SCik **P% 251245 &, 350 nm
LT ORI IS BN AN Or-n* BB H R T D, E72, 350-430 nm (22T TOWRITH 475 bzq,
phen, bathophen EAZ 1 ~?D MLCT BB H K- EE 2 b,

150 1 —— [Pt(bzqg)(ndsdsd)]PF (11-3)
—— [Pt(phen)(ndsdsd)](PF), (1I-4)

% —— [Pt(bathophen)(ndsdsd)](PFg), (1I-5)

103¢ / Micmt

(o2}
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Figure 2-4-10. Absorption spectra of [Pt(bzq)(ndsdsd)]PFs (11-3), [Pt(phen)(ndsdsd)](PFe), (11-4) and
[Pt(bathophen)(ndsdsd)](PFe), (11-5) in acetonitrile (1x10™° M).

(i) [Pt(phen)(ndsdsd)](PF¢), (11-4)D AIE FEAiff

FPHIDOIZ, X BHEEMAT X 0 A1 2 B0 5 2>(2 L 7=[Pt(phen)(ndsdsd)](PFe), (11-4) D AIE FEHLiZ>
W TIRRTUW <, [Pt(phen)(ndsdsd)](PFe), (11-4) DIEHRAE TORF AT L EER E 77 K DK

BT CHELEZE ZA, FIENEBIHITE - (Figure 2-4-11), =IETlX, 589 nm (27 1 — R7ZRFEH A
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AT RV ETR LA, TT K TOFEH E 13 474, 508, 545 nm CTHREIHEE(1412, 1336 cm™) 73 8 - 7=,
Tk P EBEICT S L, ZOFRKIE, B4 S phen BA7 T~ MLCT & phen Bf7 1A D -
BB EEZOND, T70bb, ndsdsd BLAZFIEEHEE, FIEITIIBIE L TWRnZ &30
ST, Fiz, BIE T CTEMRETOREHENTE 72, B 1T 556 nm TR AE(G89 nm) &
DHE TN —v 7 FLTHEBY, 2~ —%2FBEETIC AIE OBBLRHFTE S,
[Pt(phen)(ndsdsd)](PFe), (11-4)> 7 & b = k U /LRI (1x107* M) & B AR BE DB IR 2 ik U7z,
7 b= F U VEET OEFNEOE, 0.001>0TH 2 OIZx LT, BARRIETIX0.14 &353R
DEnoTe, WRIRIE X U & EAIRIED 03I RITEm W28, [Pt(phen)(ndsdsd)](PFg), (11-4)
T F U~—%ERETIC, AIE ZRB LS TE 5,

, [Pt(phen)(ndsdsd)](PFe); (11-4) D [EARRE TOFIE A7 FVRIE (iR T & 77 K OfKIE
T) BIOXBHEEMT 21TV, =X~ —Z2 R L TWRWZ & 2GR LT, BERRETOR
R, IR N TIX556nm TH Y, 77 K DI E (520, 549 nm)D 7 /—2 7 KL TWD
Z b Tz (Figure 2-4-12), Z D Z & )b, [Pt(phen)(ndsdsd)](PFe), (11-4)IE=F > ~—% Rk L
TWRWZ PR TET,

474 556 589
508 — MeCN (r.t., 110 M)
= —— CH,Cl,/MeOH (77 K, 1x10* M)
c
E — Solid state (r.t.)
©
8
g 545
©
£
(@]
=z

450 500 550 600 650 700
Wavelength (nm)

Figure 2-4-11. Emission spectra of [Pt(phen)(ndsdsd)](PFe), (11-4) in solution (1x10™ M) and solid states.
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Figure 2-4-12. Emission spectra of [Pt(phen)(ndsdsd)](PFe). (11-4) in the solid state.

X M EfNT 21T > 7= & Z A, Figure 2-4-13 (2783 & 912, [Pt(phen)(ndsdsd)](PFe), (11-4)? phen
BN F O — B Cr-mfH EAEM(3.30 AR b, “EIKZERE LT, L’ L, ndsdsd A7 F0
7z = VEOTEIC LY ZERE ZEARMOERL 7T43A LEERLTRY, =% v —RNERL
7= [Pt(ppy)(MeCN),]PFs (11-6) (Figure 2-4-8)D J 5 72 =4y TR L s L 7= n-mhH HAEFIZ R 5 h
2o lz, D=9, [Pt(phen)(ndsdsd)](PFe), (11-4)iF =% ¥ ~— % BT DHERITIEN EE 2 B
%, FEBRIC Figure 2-4-12 OFERD 5, [Pt(phen)(ndsdsd)](PFe), (11-4) 1T =% >~ — %A L7a\ 2 &
EHGRL T\ 5, £, ASMOEHET 649 A TH Y &R EERIX o7, LEBR-T,
[Pt(ppy)(ndsdsd)]PFs (11-2) & [FIE (2 [Pt(phen)(ndsdsd)](PFe), (11-4)D AIE D% ELIX ndsdsd Bz 112 X
DX~ — RO &, WRIREETAE L 25 FROEERES OMHIZ L5072 EEx bR
%M,

(side view) m (top view)

Figure 2-4-13. Packing diagram of [Pt(phen)(ndsdsd)](PFe). (11-4). Hydrogen atoms, hexafluorophosphate

anions, and solvent molecules are omited for clarity.
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(i) [Pt(bzg)(ndsdsd)]PFs (11-3) & [Pt(bathophen)(ndsdsd)](PFs), (11-5)> AIE FF{iff

%12, [Pt(bzq)(ndsdsd)]PFs (11-3) & [Pt(bathophen)(ndsdsd)](PFe), (11-5) % [FAAEIZ AIE Z38H9°5
DEIRGET B 72012, K & BEAIREED TN A~ M V% JIE L 7= (Figures 2-4-14 and 2-4-15), RE
WOERISER L FIEEIC, 77 K ORIIRIETIX, WA L bIREEEN ROz, Lz - T,
[Pt(bzg)(ndsdsd)]PFe (11-3)1X F 42> 6 bzq ELAZLF~@ MLCT & bzq BLfrF N O r-n* &,
[Pt(bathophen)(ndsdsd)](PFe), (11-5)i% F 47> & bathophen Bz -~ MLCT & bathophen BAz71-PN @
n-m BB HOR ORI TZ L E 2 s Y, KB ERREO R AT S VIZEIREE &1 31F
FLTHY, =Fv—ZBH L TWRWVWEHETE D, BFIEREZRIELLE 25, MEEKL
HIEWCRIE LV L BEMIREED 3 E <, AIE 238l L T\ 5 2 & 23 C X 7= (Table 2-3-1), L7
355 C, [Pt(bzq)(ndsdsd)]PFs (11-3) & [Pt(bathophen)(ndsdsd)](PFe), (11-5) AIE J3H1Z % ndsdsd i
TOERIPEG LT EZ2 N5,

490 524 535
— MeCN (r.t., 1x104 M)

- 527
= — CH,CL,/MeOH (77 K, 1x10* M)
c
_%’ — Solid state (r.t.)
°
(0]
N
©
IS 579
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Figure 2-4-14. Emission spectra of [Pt(bzq)(ndsdsd)]PFs (11-3) in solution (1x10™ M) and solid states.

513 552 565

— MecCN (r.t., 1x104 M)
—— CH,Cl,/MeOH (77 K, 1x10* M)

— Solid state (r.t.)

Nomaralized intensity

450 500 550 600 650 700
Wavelength (nm)

Figure 2-4-15. Emission spectra of [Pt(bathophen)(ndsdsd)](PFe), (11-5) in solution (1x10™* M) and solid
states.
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Table 2-3-1. Quantum yield (r.t.) of complexes 11-1-6

complex medium quantum yield
[Pt(ndsdsd),] (hfac), (11-1) MeCN solution, 1x10™ M —
solid state —
[Pt(ppy)(ndsdsd)]PFg (11-2) MeCN solution, 1x10™ M 0.001>
solid state 0.012
[Pt(bzq)(ndsdsd)]PFe (11-3) MeCN solution, 1x10* M 0.001>
solid state 0.007
[Pt(phen)(ndsdsd)](PFe), (11-4) MeCN solution, 1x10™ M 0.001>
solid state 0.14
[Pt(bathophen)(ndsdsd)](PFe), (11-5)  MeCN solution, 1x10* M 0.001>
solid state 0.27
[Pt(ppy)(MeCN),]PFs (11-6) MeCN solution, 1x10™ M 0.094
solid state 0.001>

ARETIE 0 FOmESITEDTF v~ —JEROME & o FEE DM 12125 AIE DFREBLZ
BIELC, ASSKRORNL T 21T o7z, TORE, EEV ndsdsd Bz & —2>F T 5 ~7 1
V7T v 4 7 BRI, BWIRREL 0 b EERREO T NFMHRITE <, AIE 238852 L
Wbinofe, —J5C, ndsdsd BLAZ O VI EREPED EVY MeCN BN FH U 7o % BREE IR
AIE ZFBL L7275 T, AIE OFSBLEER Z 1R 5 72012 X S IE TR N CTORHE AT |k
JVAE 24T > 72 AIE Z3EBLLR o727 & b= b U ASERITI = F o ~—Z Bl L TW oDkt
LT, AIE %31 L 7= ndsdsd $5(A Tl % o~ —TERNAIH SN TNWD Z ERHL N E 2o T,
IS OHERETND, AIE ORBERT, =X ~—JEROME &, WRIREETA T 5 ndsdsd
BN OB FBROREEZB OME THH EEZ HND, Lizi> T, HHEERICL Y & ndsdsd
BN T IE A BSEAR D =% o~ — B OB A HRBNL 7 Ch 5 Z ENFEIES L, B F-ixsHE
#HO THFFREGRLES S BE VBN FREHC L D =X o~ —BR OISl &, BT 0518
BOMHNZ L D AIE DFEBL Z2MESLT D2 LR TEIZ,
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BT AT I FEZENAIZHT D
BT A M HBEIADOEEEIRRE T D
FEICEEH)






8 2 BT, AIE FEBLOBUT FaXsHESR & LT, FEFRIC L @@\ O EZ - ndsdsd 275 H LT,
T 2~ — RO & EHCIRAE T U 5 50 FIEE OIS X 2 [EAREE T D AIE DFRBLIZDUW
Tib_7o, 53 BT, AIE RO~ S HOEN Fi%eHES & LT, KEMEEZITH L7z AIE D
FHUZ DWW TRFT L7 R 2 R 2,

1. #®E

MR TIL, B FICHE T 47 I REZBSAE/NT Uy MEKICET 598217 -
THEY, $EERE - MT A7 I FEOEMEZEN LRSS ZRT L 2W b LY, H1
BED 14 TIE, F47 I RETOKZEBEITE Y BOERENSBIRT 585 0 LSk 1 2780 L
7= 180 = oK EREAIT X D FOEHIIRIE, Figure 3-1-1 ITRTH SR T AT I REAH TS A4
RIN-1IC B o7 10, 85K 111 OIS, KEMET 7874 —Thbraur =4 &2k
M5 &, EHWEOTN—2 7 FatbOn RN bRRERER L, — 5T, H-HF47 3
REZ AT HAORIEC, 7 rn7 =4 2L THEEREOHRITE - bherot, =
D DFERND, FEICHREOHEKICE MF 47 I RETOAFEEANELE L TND 2 Laibn

-7z,
28 505 _ -
xN,,H cr 2 201 | ///s\\\ 200
‘@ 100
H — @ @ 2 157 fé/f)\\\\\\\\ ®
H H ° / Wy |
thEYQ\(EVPh TBACI th’“ﬁ/@\/’l‘vph % 1.04 /// /QSEX\MWDHBA@
| | —_— I T o / / I 2
S—Pt—S S—Pt—S r 0.5 - S
c|:| cl /

0.0 T ; T : -
500 550 600 650 700 750 800

-1
Wavelength / nm

Figure 3-1-1. Enhanced emission of secondary thioamide-based neutral Pt complex 111-1.%

B 1ED 12 TRz X 912, AIE OFBLTEO—DIKE/EEZEA LI b OnRFETF 5T
W5 D, ZDTARETIE, B OHRTAT I FEOKBEEEICE2FHEBICER L, B %F A
T X REOKFRGZIEM Lz AIE OFRBLZ Bis L THASSEERO ) TG 21T o 7o, BRI,
BER -1 D7 v T FOMRDVIZ Y 72 = LR AT 4 VENFAHEA LT, B F A Pk
111-2-Cl % &k L7z (Figure 3-1-2), $&K 111-2-Cl 1%, WHIRRETIIRU OV E R 7 == LR A
7 4 B ORIESEE)NC X0 BRI D, —H TERERETIE, b ORELES) O
WL F AT I FETOI T B =T =F 0 & OREHBEIT L DRIMICE - T, AIE 2%H
T 5 LBz LD (Figure 3-1-3), 7235, $EAZ T A LMEICT D 2 LT, $5K 11-2-Cl O AIE %
BUZK LTl AR TE 5,

45



Q) I E—T=FEE /T AT I REEEOKFREEIT L DR
BN R =T = F NIKEEET 72— L THERHT %,

(2 WorE—=T=F BT A UGEREOA A RIFALERNC K 5 EEEATERL
SEIRMN-2-ClIZA A UM EERICEY N1 X0 b EBEREBEREZER T EEZON
5, bbb, BHEREIZRT D0 FIESOMGIIEEA 11-2-Cl O BMEAL & 725,

(DOBRERFT D7-012, RTREEA L U TOKEME LB TERWE /T 47 I REAFFO
T F A SR NI-3-Cl, QDOBEEMFITT D701, T 47T I NEEEEFON, BRAH
PEZRBEIR HI-1 S ENENEK LTz, SEEEOREIRE TORNBH O ATV, ASED
AIE ZBUE T 47 I RN A OKRFBREGIC L D2HIERIIAHATHL 2 L2 ENTL
BN FREEHESQ TBUN - OKFEFEGZTEHA L7z AIE ORBL ZHiT 52 2B E Lz,

. . Ter or
AL A A A LA

S—Fit—S S—Pt—S S—Pt—S
cl Ph— P Ph Ph—P—Ph
Ph Ph
-1 lli-2-Cl 11-3-Cl
Figure 3-1-2.
Solution state Aggregate state
ud '-ld
d/\c\,\.\d qd—d—qd

ldhs

/\d \ /\\\d | ®
~
_|CI S~ /K©/\N ud
_, g
Ph\é ﬁ/
@ ®
i i
Ph(—P}Ph Ph N N_Ph
Ph | ®

|
S—Pt—S
Ph—p—Ph

111-2-Cl Ph

Enhanced emission through hydrogen-bonding interaction
Suppression of molecular motion of benzyl and phenyl
groups by aggregation

AIE activity

Figure 3-1-3.
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3-2 fi T, T AT I REREALTISAT 50 F A A A sk LUk T 5 8=
T AT 2 REERDO BRI ON TS,

3-3HiTIE, Bl SEEEDEICIKAE T ORI OV TR 2,

3-4 HiTIE, AR LTI-SEIRDOEEHEINIE CORNEIONTHTN, FMT AT I REDOKERKA
DA AMEEREF LR 2k~ 5,

35 HiTlE, REOFSELRD,
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3-2. BEIWFATEIFEZEMFICHET ShFA U EBSBEDOEH

BT AT I REOKBREEB LY, W TFF UK E T =4 ROA A BMHAEERICL D
AIE FEBI~DOBRZFIR 25 721, $5K 111-2-Cl ZA A L7=, Scheme 3-2-1 12779 X 512, BEAOD
TIETHR LTS BT A7 2 FEEEH - P72 A 4854 11-1 & triphenylphosphine (PPhg) & %
SO S, 854K 111-2-Cl Z IR 94% TH7=,

+
y y ! ! o
Ph N N._-FPh ) . Ph N N_Ph
| | triphenylphosphine | |

S—Pt—S S—Pt—S
| acetone, 40°C, 1 h
cl Ph—P—Ph
Ph
-1 I-2-Cl, 94%
Scheme 3-2-1

WU, FBTF AT I FEOKEREIZ L DINIRONE LG D721, RHESEARE L
THZMF AT 2 NIEZATHE5K 111-3-Cl L FEBEARFIETARKL, IR 70% T 7= (Scheme
3-2-2)9, AL L 7= sk s *H £ L OVPLHI NMR 27 kL, MALDI-TOF MS 27 kL, ¢
FOMTIC LV [FE LTz,

SHeNe SRl

| | triphenylphosphine

S—Fl’t—S S—Pt—S
o]
& acetone, 40 °C, 1 h Ph—l?—Ph
Ph
-3-Cl, 70%
Scheme 3-2-2

PEIK 111-2-Cl © "HNMR 222 R LTI, 12 ppm AHTICH ik F 47 I RED N-H & 27 F L
2 7 b oA OESMETEII S, FAT I REEFRT 2 boAbRTICT I —F A U RITRUL
LTW5 Z & D3RR T & 7= (Figure 3-2-1), E£7=, *P{'H} NMR TiZ 20 ppm fHEIC A4 & R A 7 4
YDAV T A =11142 HD)IZ K B 2 7 F VB S 4, PPhg BUAZ 23 &I ZBUNAL LT D
T EDHERR T E 7=, $5IK 111-2-Cl @ chloroform Az p -~ < VARSI EDH 2 L THAODHELE
3z, T OSSO X SEERT 217, #EZ B 522 L7z (Figure 3-2-2), $#51K 111-2-Cl © H
SRAIZ, BRTFAT I FEORER T, © o —FfL DX B UBROKRER T, PPhg Bl
TV VIR DEAL L FHENENILOER TH D Z L DR TE 72, B kT AT I RIS
D C-S & C-N OFAEZIEHROME N1 i Lt 25, BERUTHD Z ERNbhoiz

48



(Table 3-2-1), J72bobh, H_MFAT I FREIM T v hAbEFIZ, 7/ —FF B TRALL
TWADZERHBLMNE T2, LIl EESWE L OSTEDSNT OREE & T H ISR 11-2-Cl
NERTET-Z & 2R LI,

141

1
HNMR *
.
H aE' o
thﬂlw/@\rﬁv%
| I
S—Fl’t—s
Ph—P—Ph c
Ph
b a

_ ' | Y W

12 11 10 9 8 7 5 & 4 3 2

31P{IH} NMR
2 8 g %
o™ o e d
g g 8 i

PPh, HaPO,
(3= 1114.2 Hz)
) ‘ | J PRIt
" 500 400 300 20 100 00  -10.0 -20.0

Figure 3-2-1. 'H (400 MHz) and *P{"H} (162 MHz) NMR spectra of I11-2-Cl in DMSO-ds (* indicates

signals from the solvent).

@) (b)

Figure 3-2-2. ORTEP diagrams of 111-1'? (a) and 111-2-CI (b) with thermal ellipsoid drawn at the 50%

probability level. Solvent molecule and chloride anion are omitted for clarity.
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Table 3-2-1. Selected bond lengths (A)

Pt-C Pt-S Pt-Cl Pt-P C-S C-N
111-19 1.924 2.295 2.365 — 1.704 1.315
111-2-Cl 2.014 2.294 — 2.324 1.719 1.291

PER 11-3-CL O 'H NMR 2227 ML TIE, EXYPUVERO2EBIN6 MO T 1 b i3I
BRI, 2L, T4 T I REORBER 2 BB T 5 & C-NFEGO _BEREGMHENAHE L,
B U UBRIT E BICEESEEN TE 22 < A2 B 720 Th b (Scheme 3-2-3)'%, J 72 b, TAWIREE
TiE, EA PUBREIAEEES TR A FIESEZ LTnbsEEx 65, £, *P{'"H} NMR
TIZ20ppm HTicHEE R AT 4 DA 7Y 7 =1135.8 H)IZ X 5 ¥ 7 v’ @il S i,
PPh; BefZF 28 BB L TS 2 E R T&E 7o, ULk, BHEoirik KOcEoroRi R & OF
B THRIBHA HNI-3-Cl A TE 22 L 2R L7,

IH NMR %

S

O

OF ;

T T T
2 11 10 9 8

o
o

»—
()]

S1P{*H} NMR

000
oo

0O

— 11.945

H4PO,
" 100 200

Figure 3-2-3. 'H (400 MHz) and *P{"H} (162 MHz) NMR spectra of I11-3-Cl in DMSO-ds (* indicates

signals from the solvent).
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Scheme 3-2-3

3-3. FRBREAOBRRE TONFRE

H R DEESIRRE T ORI B 2T~ D AN, HHEEE 111-2-Cl & 111-3-Cl DR T D
BEMEZ 7= (Table 3-3-1), £ 9 #1DIZ, chloroform &k TOWIL A~ L% JlE L 7= (Figure
3-3-1), IRBEITBEHR O 11-1, =T 4T I REAR X OEENL ORI AT NV EBE
{272 M9, G4 111-2-C1 o 390 nm & 400-500 nm D YLILES, $E(K 111-3-Cl ¢ 404 nm & 425-550 nm
ORI A4 6T 47 2 REUL T~ metal-to-ligand charge transfer (MLCT)IZH3KT 5 & D
7EEE 2 BIVDIRIZ, IR T, chloroform ¥ R CTO RN A7 kv & &I ZJIIE L 72 (Figure
3-3-1), &K 111-2-Cl 1Z 590 nm (2, 11-3-Cl [% 663 nm (M KF e R 2R LT-, BFICRITZER
ZI, Doy =0.04 (111-2-Cl) & Dy < 0.01 (111-3-C) TH o 72, —MHAIC, m-m*BRBIZHEKT RO
AR NUTIE, BEEER RGNS Y, —HT, 85K 111-2-Cl & H1-3-Cl DFIEART ML,
MLCT HROFEN A RTREROTF AT I PR L FMRIC 7 m— R L TWe, £72, A h—7 A
7 N B REBRISK 150-200 nm Th o7z, L7z~ T, Wk L & A& bF 47 2 RENLF~D
MLCT BEAREHICE G L TnAH EEx b5 Y, KIET, $54 111-2-Cl @ chloroform ¥k - ¢
DINFFmEPELIZE ZAH, 31lus Thote, LoT, SEEK -2-CHIZE, 111-1(1.4 ps, 2-MeTHF
VRIER)'O L [RIBRIC D AT Z RS Z Edbino Tz,

Table 3-3-1. Photophysical properties of 111-2-Cl and 111-3-Cl in chloroform at r.t.

complex Aavs / NM (€ x 103 M*cm™) Aem/ NM Doy
11-2-Cl 390 (7.51), 438° (5.15) 590 0.04
111-3-Cl 404 (6.71), 457° (5.41) 663 >0.01

& Shoulder peak.
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@) (b)

25000
— llI-2-Cl — llI-2-Cl
20000 1 2
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Figure 3-3-1. Absorption (a) and emission (b) spectra of 111-2-Cl (Aex = 384 nm)and 111-3-Cl (A, = 404

nm) in chloroform (5x10° M, r.t.).

BEVTESR 111-2-Cl OFERIRZ MFET 572012, TD-DFT A b17 -7, TD-DFT #&I,
chloroform Y&~ B 15 H AL B SR D X BEEREATIC L 0 1ERR L7z Cif 7 7 A /L % BT & A
{bZAT - 721412, FLIEKEIEUC B3LYP/LANL2DZ % FiVNCT1T > 7=, Figure 3-3-2 (252 IS L OGHA
D HRDIZRIL AR bV ER LT, EHME L FHRMEIIBRRW—8E R L TRy, FHE/R
IIHETHDHEFEAD, BEEEMOEBERRS LOZNENOERIZ) ) HHLIE % Figure3-3-3 127K
L7-, 426 3 X 10383 nm (ZZ 21 HOMO %5 LUMO, HOMO-4 725 LUMO ~D3&# D F5i i
K3 E 572, HOMO 3 X UNHOMO-4 [ IHLa&Eo d ful &, FIZHE HT A7 I FRALFDn
BB AR L72#GETH Y, LUMO 135 kT A7 I RENL - On*a Flr e L7ciuETh D, T
72b, 426 B L VN383nm DERIX, AN OH KT AT I NEALF~D MLCT R & 5 ik
FAT I RENL T On-n*BBENEA LT ERICRETE 5, LR -T, TD-DFT #HENH b
MLCT HEDOWRIL AR TE 272, BIICH MLCTEBNELE L TWbh Lt EXx bR D,

18000
15000 —— observed
—— calculated

12000

9000

¢ (M1cm?)

6000

3000

0 . . . : ‘ ‘
300 350 400 450 500 550 600

Wavelength (nm)

Figure 3-3-2. Observed (5x10° M, chloroform solution) and calculated UV-vis absorption spectra of

111-2-Cl.
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calcd transition /nm composition? fo assignment
426 H—L (0.68) 0.0564 MLCT / nr*
383 H-4—L (0.63) 0.1110 MLCT / nre*
aH denotes HOMO and L denotes LUMO. *Oscillator strengths.

HOMO-4 HOMO LUMO

Figure 3-3-3. TD-DFT excitation calculation and molecular orbitals for 111-2-Cl in gas state.

3-4. BRBEOERAETORLES

AT CIEE K L 72 A @SSR OWIRIKEE TORICREIZ DWW Tk~ T, KREITIE, #85KD AIE
FHLZREET 272018, iR & R TORIEE 2 el L7z, BRIRE TORLET) 25~
HIZHTZY, HHERORERZ R Ui, BEEROMIL, Tang b 7L DL FEERIC, SEKOR
RIZEBIE AN Z 2%, RRVIBE TR LT,

3-4-1. Chloroform/hexane 32 C® AIE J&H.O M

BEIR 111-2-Cl & 111-3-Cl @ chloroform #RIZ, B TH 5 hexane Mz, FEEROEEMARZ
THELL 72, BEE AR ORI L BN Y BEL % (dynamic light scattering, DLS) % FV N C{T - 7=, Figure 3-4-1
\Z, chloroform/hexane 90 vol%® & & DOESEIRDRIRSAAK 277, SFERIRRIE, $&1K 111-2-CI T
(X 518 nm, &M 111-3-Cl X573 nm Th V), BEHARDERIKDTERL & MRS LT,

(@) (b)
30 30
25 25
2 20 2> 20
é 15 é 15
£ 10 £ 10
5
0 0
10 49.5 244.9 1212.3 6000 10 49.5 244.9 1212.3 6000
Particle size (nm) Particle size (nm)

Figure 3-4-1. Size distributions of particles of 111-2-Cl (a) and 111-3-ClI (b) in chloroform/hexane 90 vol%

(5x10° M).
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BEU 111-2-Cl @ chloroform YAIRRE & chloroform/hexane BEEEIRAE TOWRIL AT hLEs LU
St AT N IVIIE %47 - 7= (Figure 3-4-2), 51K 111-2-Cl TiX hexane DE| &A% 80 vol% LK%, 385-750
nm (2T TORICERBIMITIR Lz, AU, $5ESFIC RV B S IV BEIR DRI L D,
T NADAIBEE L7220 Th 5 9, iz, chloroform A KAE & chloroform/hexane 4
EETOFRN ALY MVIIEZIT - 72, $5K 111-2-Cl @ chloroform AR BE (hexane 0 vol%) T D%
YIEFI -T2, — T, ZED hexane (80 vol%Ll E)Z Nz % & 3EEHERE OB R ABIUI S iz, &
WOIRREDFENIRE A 1 &5 &, BEERIRAE CORLIRE L 46 5K Lz, L72hy - T, 851K 11-2-Cl
ITEEEIRABIC 0 D EROCIRENERT 22 Lnd, AIEZRBILTZE SR D,

(a) (b)
1.0 ; 50 -
hexane fraction hexane fraction
0.8 1 (vol%) -~ 40 - (vol%)
8 — 0 .g 30 — 0
c 4 Q 4
8 0.6 — 80 £ — 80
5 o
2 04 85 £ 20 85
< — 90 T — 90
04
0.2 1 10 4
O T T T T T d 0 T T T — 1
300 400 500 600 700 800 900 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

Figure 3-4-2. Absorption (a) and emission spectra (Aex = 384 nm) (b) of 111-2-Cl in chloroforml/heane
mixtures (5x107° M).

BEIR 111-3-Cl % chloroform ¥AZ:IK BE (hexane 0 vol%) TDF 138570 > 7278, hexane 85 vol%LL I
TIRFEOEHRE 1T K L 7= (Figure 3-4-3), IRIRIREEDRIREE 1 45 &, BEIRIE TOR IR
FEIX 9 K L7z, 202 D, $5K 11-2-Cl XV bIFSERE OB RKITFTAS, $518 111-3-Cl
tH AIE ZHEBLT 5 Z Endbhol,
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@) (b)

1.0 ; 10 ;
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Figure 3-4-3. Absorption (a) and emission spectra (Aex = 404 nm) (b) of 111-3-Cl in chloroforml/heane
mixtures (5x107° M).

3-4-2. Chloroform/hexane & T AIE FEEEK D&

BT, B 111-2-Cl & 111-3-Cl 78 chloroform/hexane 52 T AIE #3881 L 72 ERIZ DWW TEE L
T2 TERD AR AIE HEERIL, FIZ&BHHALIEMNMMLCT ) E2EHN L2 D TH
% 7, #Z-CE7, chloroform/hexane %(Figures 3-4-2 and 3-4-3) T AIE FE14 8 [EFH A EH
(MMLCT ZEIENCHRT 2 b DnZ il ~7o, EBEEIREE TOBEHAEHMMLCT)IZH R 5%
T, WHRIKEETO MLCT HORDFEN LV b Ly R 7 5, T70bb, kL BEIREDIE
YR oY 7 N LA RBAEEHMMLCTIZHEKT 2R E I hE T 5 2 LN T
&%, 33 THRAZL DI, B 111-2-Cl & 11-3-Cl DIERIRIETOFRKIT MLCT Bk TH D, =
DIRHARRED ISP Rl LT, HEEEAIRAETIE 3-13 nm 7 /L— 7 b LT\ /= (Figures 3-4-2 and
3-4-3), DT 0D, WEERE HEHEIRIEICEB VT MMLCT HBROFREEITR & T2 &b
moiz, F1z, chloroform ik H 6 1% B A7 Biisdn 111-2-Cl D73y X 7 Z5f~<7= (chloroform (%
TAAFT—=HL—=LTND) , NUUNHEE N T2 = ViR AT ¢ VONARBEREIZ XY BT 568
K510 A4 RN TR Y (9.66 A), FERRIBIZ W CRIBHIME/ER TN Z L3 bh-
7= (Figure 3-4-4), DL EDFERNS, $5K 11-2-Cl & 11-3-Cl © AIE 332 48 A A AEH (MMLCT
NI H- LT EEZ BN D,
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(top view) (side view)

Figure 3-4-4. Packing diagram of 111-2-Cl. Hydrogen atoms except for N-H are omitted for clarity.

w1z, chloroform %7 515 H V- Bk gl 11-2-Cl OF —#hF 47 I RETOKE®BS Z T,
Figure 3-4-5 [Z- T L9512, B MF AT I NEEDI T X —T =420 CIyrIi3kFEHEE
(N-H--CI', 245 A)ZTER L T\ D Z L ¥binotz, 2O Z b, BEROE T 47 I Rk
FIRRIC, KB RIECREOHERICEE LTV L ZZ2 515 ¥, DL EORSE, $5K 111-2-Cl
O AIE BHERL, 47 I FEEI T X =T =4 LOKBREEL, BERERICL D
UNHEBIORNY) 7 2= VR AT ¢ VRO EEEE OGN L 5 b D72 &3 2 545 (Figure
3-1-3)"*%*®)_ Chloroform/hexane % T, KEFEA Z TR TE 22085 111-3-C1 & AIE Z3H L7,
Z DO 11-3-Cl @ AIE FBUX, BEEEERIC LD ) DA FIREBI oMK & F) 7z =
LVRAT 4 VRN T OEESEBOMHEIC LD b0 EELHND ¥, LR~ T, Figure 3-4-2
& 343 DEFKERIET TERT D &, BRIREBICB T 28 T A7 I FEOKFRHEIT L D8
K 111-2-Cl OF RO FLIX I TIE72 0,

Figure 3-4-5. Hydrogen-bonding networks of 111-2-Cl. Solvent molecules and hydrogen atoms except for

N-H are omitted for clarity.
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3-4-3. A A VHFHANERZHET 5 KT TO AIE FEEBLO G

3-4-1 & 3-4-2 @ chloroform/hexane 2 CORERZHEE % T, BERETOE _H{F 47 I FED
KRFEFEEIT L DHNEROB R ARG LTz, BREEHIEL LT, 85K 111-2-Cl & 111-3-Cl DA A [H
EAEAZEET 2R T, SRS AIE ZRRT L0 E > e, A A HMAEERZRE
T5HZ LT, SRS FOREBEMNME 20, BERIKIERIC X 2 W BR800 R O i & 15 1
HZENTED, Thbb, $5K I1-3-Cl X AIE 28B4, 111-2-Cl 2128 AIE %8541
X, BT AT I REOKBFEEICLIVBIENER LT EEX DT ENTED, B, T4
VEER 11-2-Cl & DD 720D A A AR AR 28 22 < WS T1-1 BV T, SR~ D IR
P % 2 8 L CEEIA 111-1 13 dimethylformamide (DMF), $5{4 111-2-CI & 111-3-Cl 1 methanol % A
LT, BEBT water & Lz, KiZh oo ¥ —T =4 LDOKBRAICEY, T=F4r 0T
F SRR DA A AR 2 BLE S 5 72 vz,

BEERDEERZ PR L, BHEROMER A DLS 2 A TIT- 7=, Figure 3-4-6 |2, water 90 vol%
D & EDEEERORIBEAAIX 23, ERIAEE, S5 111-1 13 91 nm, $5(& 111-2-Cl TiX 63 nm,
FERIN-3-CLIZ 73 nm TH Y, KEARDEERDTE KD MER T 72,

(@) (b)
20 30
25
15
2 220
é 10 é 15
c c
. £ 10
5
0 0 -
1 5.6 31.6 177.8 1000 1 5.6 31.6 177.8 1000
particle size (nm) particle size (nm)
(©
30
25
220
5 15
£10
5
0
1 5.6 31.6 177.8 1000

particle size (nm)

Figure 3-4-6. Size distributions of particles of 111-1 (a) in DMF/water 90 vol%, 111-2-CI (b) and 111-3-ClI

(c) in methanol/water 90 vol% (5x10°° M).
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VARG & BHEIRIE C ORI B T2 L 25, SHIR 11-1 & 11-3-Cl ORI OHIKITIF L A
LBIRS P, AIE HFEBLL 224> 1= (Figures 3-4-7 and 3-4-8). $4{ 111-3-Cl 3 AIE & F63 L 727
o2 Z & nD, water K> methanol 5312 & 0 A A LRI EAEMAALE S, BHEREICBVTE
RYPNIEE DY T 22 VRRT 4 O FRBIENHITE ot b B2 BD, MR,
Figure 3-4-9 (27”3 K 912, $5K 111-2-C1 13 water DA ORI E & b IZFEBREE IR L (1L 1),
AIE 3Bl L7=, L7=23-7TC, Figure 3-4-8 & 3-4-9 OFERMNS, B _MFT 47T I REOHFIEIC L
D, SEAI-2-CHIZAIE ZRBLIZEEXHNRD Y,

(a) (b)
1.0 Water fraction 2.0 1water fraction
(vol%) (vol%)
0.8 ) — 0 215 — 0
) - 2 -
S 06 |\ 50 é 50
g \ — 70 o 1.0 — 70
2 04 \ 80 2
< — 90 <
@ 0.5
0.2 1
0 T T ‘ ‘ 0 " " " ,
300 400 500 600 700 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

Figure 3-4-7. Absorption (a) and emission spectra (Aex = 422 nm) (b) of 111-1 in DMF/water mixtures
(5x10° M).

(a) (b)
1.0 Water fraction 2.0 ;Water fraction
(vol%) (vol%)
‘ 0 .
0.8 > 15 | 0
o — 50 a — 50
o
5 06 — 70 2 — 70
g £
IS 80 2 1.0 80
2 04 =
< — 90 > — 90
0.2 Y N\ @ 05
0 " " T i 0 " " v
300 400 500 600 700 550 600 650 700
Wavelength (nm) Wavelength (nm)

Figure 3-4-8. Absorption (a) and emission spectra (Aex = 392 nm) (b) of I11-3-Cl in methanol/water
mixtures (5x107° M).
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@) (b)

1.0 12 ,

Water fraction Water fraction
0, [0)
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(O] — c —
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é 0.4 70 g, 70
80 & 80
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Wavelength (nm) Wavelength (nm)

Figure 3-4-9. Absorption (a) and emission spectra (Aex = 400 nm) (b) of 111-2-Cl in methanol/water
mixtures (5x107° M).

3-4-4. A AV RIFHANERZILET 5 /KFH TO AIE FHDOZEL

BEIA 111-2-Cl > methanol/water 2 TD AIE JBLZZLET HI2H-Y, H_MF A7 I NETD
IKFEAE G DIERE fERR T 5 72 01 X SRS AENT A2 1T - 7=, Methanol/water 7> & $5{K 111-2-Cl 0 Hifh
e DVERR A RATEN, BERBEMERIEG LN o, & 2 TEE N-2-Cl oY & LT, &
DA =T =4 N BF, TH D N-2-BF, & VT X & fEtT 217 - 72, Figure 3-4-10 {Z7~" 9~ X
NS, BMFAT I REITH T Z—T =4 (N-HF, 1.95 A)F L UK45F(N-H--0, 2.06 A) &
IKEFEEEZER L TND Z LR TE 7=, £72, $5%K 111-2-BF, & methanol/water 2235\ T AIE
BT DH T L Z RS LIz (Figure 3-4-11), 5 1 B D 1-4 T2 L 912, 5K 11-2-Cl LR LE
TRTFT AT I FEML T2 REORERIL, R UVEORESEER SR STV AR v —~< U v
I AR THEHNERY v =T Lo TERRDFICMELZ R LT, RY ~—23 polystyrene O & & & kb
RTC, KFBREET 7 &7 X —ENLEFF poly(vinylpyrrolidone) (PVP)Z VN2 5 7355 —#kF 47 2
REERITTRNIENE 2 7R L7, SHHRAIC SR 111-3-Cl & [7] U5 =k F 47 2 RN 1 &2 RO 8BA13,
PVP ¥ FU w7 ZHIZBWTHREABE O KITA bNenole, ZNLDOFRERNDL, R ~—
~ MUy 7 AP TOFEERORICREDOHRIL, FHRF AT I FERLERY v— L OKRERHEITE
HHDEEEZLNATND 2D Li=RoT, Z O EFREC, EEEEIRIE T o RESESE) DM 72
FTRLFAT I FIRTOKRIZFREIZED, S5 111-2-Cl |3 methanol/water 52 T AIE 238 L 7=
EEZLND, LLEOFERND, $5K 1-2-CHIX 1-3-Cl E R0, T 47T I RETOKE
REEICED AIE ZHBL L= Evbhore 9 RIS, EMNFETHY, A RREME
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A IRWOEEA H1-1 13 AIE ZFBL Lo 7o, A A AR 2N 2 T2 085 111-2-C1 K
LEMEBENEL 20, SR N1 OOV EOSFIEET L VIERICEZ VT D, £D
FERL, SRR NN-LIZAIE ZREBLL 2 oTo b B DD, T7b6, F4T I RETOKERET
TR, OTOlEE WERRNR R DVEO ST REEI O] AEET DA A U RIFEAER B
AlE OFRBUCTFE L TWD Z ERboole, KBRS, BT R DEHRIZ &0 1 EMRE 2 i
THEAFUEMEAERICE VEEL, AIE 2RHT5 L0/ HESA TS ™,

Figure 3-4-10. Hydrogen-bonding networks of 111-2-BF,. Methanol molecules and hydrogen atoms except

for N-H are omitted for clarity.

14 |

Water fraction
124  (vol%)
2 — 0
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S —_
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= — 60
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Wavelength (nm)

Figure 3-4-11. Emission spectra (Aex = 400 nm) of 111-2-BF, in methanol/water mixtures (5x10° M).

R L72 K 91z, $5(K 111-2-Cl 1% chloroform/hexane 35 & T methanol/water @ —->@ % T AIE %
HHLT D Z Enbhotz, L L, methanol/water 52 DEFEEINEE CTIXARIRREL 0 BRI RN L
v R¥ 7 b L7=(Figure 3-4-9), Z DL v F¥7 MIZEBEBMHEAIERIZ X S MMLCT BE3RDOF
PG LTWD AR H D, £ 2T, BRI TIZ MMLCT BskoF o kv Ly Fo7 b L
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T DOMNERRGET S 72102, §5IK 11-2-Cl OEHEIRTE TO RS EF A L UOFE LI E OBk 12
A LT,

3-4-5.  EREEIRAE TOSEA 111-2-Cl DR FFfm

BEIR 111-2-Cl DIEHRIKRE & R IRRE TR Fm M E 21T > 7= (Figure 3-4-12), Chloroform ¥& ik
HCORNFAMIL 3.1 us T, chloroform/hexane 90 vol% D EEEIRFE TIL 6.3 us THDH Z E 3D o
7. E72, methanol A CTiZ 3.1 ps T, methanol/water 90 vol% D EFEEIREE TIE 3.3 us TH - 7=,
L723oC, 88K 11-2-Cl 13RS LT OMEIRRE T Y A E R Z LM b ne otz £
7=, chloroform/hexane & CIFFEEIRE N TE R (46 175)T D &, BAFEMIZEL o=, ZORERIZ,
TS TR -1 @ THFE ST ~0 7 v 7 =4 RIS K 2 38658 B D 3K (Do
0.06—0.12)% L UM O RFHFMIL(LA—-2.0 ps) & FFARBEITHS 9 —FT, ik 111-2-CI
@ methanol/water & CIEIFESEHRE O R AL )2 x LT, BAFMOBKIXIEE A ERMho T, 7F
HUTDN SRV, MORETRRY, KOFEZIVFAT I NEREZnaT =4 L DKkE
FEEME SN Z ENFERTITARNNEBZ TS, AEESEROIIEFHMIE MMLCT %603
H32 L8 5 0Icx LT, 5K 111-2-Cl TIX methanol ¥&7% & ik L C methanol/water BE5E:IR
BECTORNFMIENTHLNEL o T O, Lzt -> T, BERIEICE VT 111-2-Cl
DIFEIET MMLCT HR T2 & BEZ b D,

3-4-6. A 111-2-Cl DI R OISR IEE

RIS, MLCT HRODOFENIL, WEEOMMEZEICEVEREE LY 7 b5 9, 2oLk,
FME DRI RO EIRE > 7 b3 % Z L % positive solvatochromism, i OB K2 RV EIR R > 7
k4% Z & % negative solvatochromism &9, $5K 111-2-Cl D3R ORBHREME 2 R ~,
LARHETH MLCT HRDOHENTH D0 & Mgt L7z (Figure 3-4-13), & DOfEE, HIHEM G,
chloroform/hexane 90 vol% D EEEEIRBE, chloroform ¥4, DMF &%, methanol/water 90 vol% D EEEE
WHEDIETH D, BWHOmMEDIKIZHEY, B RIFIRERMICS 7 B L T/ (positive
solvatochromism), L7273 T, &K 111-2-Cl DINFmOFER b HDOE D &, BEERIRETH IR
[Z MLCT EBEMREE LT\ 5 EEZHND,
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(©

Figure 3-4-12. Decay lifetime curves of I11-2-Cl (2.5x10™ M) in chloroform (a), chloroform/hexane 90

10°
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Time (us)

Tmethanol = 3.1 us

0 2 4 6 8
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(b)

(d)

Counts

vol% (b), methanol (c) and methanol/water 90 vol% (d).

Figure 3-4-13. Emission spectra of I11-2-Cl in chloroform/hexane 90 vol%, chloroform, DMF, and
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S HIZ, BHK 111-2-Cl @ methanol/water EEERAETDO L > K27 ME, MLCT FJLD positive
solvatochromism (ZH3K9 25 LD TH D0 EMRAELT-, MEEJTikE LT, chloroform ¥ 5155
MTZfEdb 111-2-Cl & methanol/water Y57 D15 B AV Tl 111-2-BFy DFEEAR Y hL 2 fIE LTz
(Figure 3-4-14), Bk L7= XK 912, #dh 1N-2-BF,ICIZF A7 I RIL L OKFERHEIC LV G5 L
L TG MIFEAET 5 (Figure 3-4-10), L 7> L, methanol/water £E5EIRFE & Hb 2 & fi S RBE T K
DT ORI LD RVREETH D, Thbb, faREBOERS 7E v o IE<, Fk
W RITEHEIRE L 0 S EBERANCEBH S NS L FREID, b L, Kidh 111-2-BF, 2% methanol/water
BEEEIRNHE & [FIREZR RO R 2 9785 A1F, positive solvatochromism LAZ D ZEIR TEE(A 111-2-Cl 1X L
v R 7 L TWBDEWD Z LiZ725, Figure 3-4-14 123 K 912, #&dm H1-2-BF, O3t R
588 nm T v, $&{AK 111-2-Cl ® methanol/water EEEEIRFE(640 nm) L 0 & EE RANCEIM C& 7, £
72, FEdh 11-2-BF, D36 Rl 3MEMME 0 chloroform 117 1 D& 111-2-Cl (589 nm) & 1FIX[E U T
Hoto, LIZA->T, Figure 3-4-13 & 3-4-14 OFE R G, $E5(K 111-2-Cl @ methanol/water EEEE IR FE
TOFRNERDO Vv N7 M, 8558 O OO MEZAVICER S 5 MLCT F60 positive
solvatochromism T& %5 Z & 23 fERd T & 7=, LA L, methanol/water & T DEE(A 111-2-Cl D AIE FEBLE
(K1, chloroform/hexane & & [FIERIZ, T4 7 I REETOKEMAIC L DFLIR L, BEEAREAL
RNV UNEBEIRN) 7 2= VAR AT ¢ VBN ORBREEOMHIC L2 b DEEE XL
np w0,

a —— 111-2-Cl (crystalcy,ci) hex = 389 M
—— I-2-BF, (crystalyeonmater) Aex =400 Nm
I1I-2-Cl (in CHCIg) ey = 384 Nm

— |lI-2-Cl (in MeOH/water 90 vol%)
Aex = 400 Nm

Nomaralized Intensity

A

500 550 600 650 700 750
Wavelength (nm)

Figure 3-4-14. Emission spectra of 111-2-BF, in the crystal state and 111-2-Cl in the crystal, chloroform

solution, and methanol/water aggregate states.
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3-5. #&

ARETIE KFREGOIER) 12X 5 AIE DFBLEZ B LT, HeRORN R 21T -7,
TORER, B _MT AT I FENL 26T 20 F A RS 11-2-Cl 13 AIE 25381352 &
Nbhmole, —JT, 8K IN-2-Cl LITERRY, FH=RFTA7 I BN FE2HTLH0FF MR
EEEAR N-3-CLIX, A A IR AR 2 BHE USRS DEEEE A 55 7= methanol/water & (2350 T
1%, AIE 2B L7207z, AIE OFBIZER Z G5 72010 X St 21772 & 25, $fK
-2-Cl O BT AT I RERIIH T U H—T =F VRS T L KBREEER L TND 2k
Nbhote, ZNUHDWENS, F47 I NEOKEREA ITEERIE TORIME O H KIS
LTWbEEZBND, £, BT AT I FREAT D0BMAFIEZRSER 1N-1 & teiled 5
LT, AFVEEERD AIE OFBUCEE LTS Z ENbholz, LIzRoT, BF4y
PR L T B =T = A M OA F UM AEERTZT TR, BIRTF AT I NEALITEEER
RECOKFREGICEI VI AR TE D720, AIE BIUCHRARENMN T THLHZ ENH LN E
o>, YD X512, BN EHESHQ TR FDOKFEREG A TEMN L1z AIE DFBL Z LT 5
ZEMWTETR,
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H 3T, HMTAT I REERTDLHFA ARSI 111-2-ClH X, RIS N
ZEERIBIZT D &, AIE 2R8I 52 L2k~ 7-, 54 BT, AIE FBZITH L3t
P~ DG 2 SEEICENT, $5E 11-2-Cl O F B % EICRAL R 21TV, KT TOE
SFOHTES (SBAER) I2XL5 AIE BHICOWTHEH LR R 2k~ 5,

4-1. ®E

BRAKES & BUKER N DR S 41TV 2 MMy 113, KPR W TEKMERAEEAICZ v B E
FEHL, T BAEFRTE B (Figure 4-1-1)Y, I BAZRKRT DIE 2R I B /L3 (critical
micelle concentration, CMC) & 5 9, WIBUEENE Sy DR EEDS CMC Al T, I3k Fic s L7z
RAESCBUKER 2 F I [A T 7REECIRE L T\ D, —J7C CMC B EDIREETIX, /1138
ZENS, & LU TBUKEZIMINC T 728EA810, TR0 b IV EEAT D,

air

Q0Q Q0 ¢ eQeQ Qe
¢ <K< < LK
Hydrophilic part — water >CMC

©« S|
~e P

Figure 4-1-1. Micelle formation of amphiphilic molecule.

L&
Hydrophobic part — < <

Amphiphilic compound

la)

TRAVOREO oL LT, IR/MIEKEMEEEwERY AT (Ak) ZenTE s, #
IKEETEAL AR Y A EN D ALE IR E < RO 3 TS/ T B 15 (Figure 4-1-2)7, O &L OB
AKRPEHLLERSY, @ X B ADBUKEI HHAKEIZNT TONY E—RE, @ItV EHTHD, 72
B, HKBEMEEDOBKERmWIELE, BRVIAENDALEIL S B LREMITIZR5FED &<
%,

Hydrophobic part —>

O] @ ©),
Hydrophilic part —> \&2“, &J _ 2‘!/
Amphiphilic compound /\};}ﬁ/ ‘Bi ,:LZ.. g:/
: e
Hydrophobic compound

Figure 4-1-2. Incorporation of hydrophobic compound.?
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AT T, BKHPE IR BT AT 2 & CHEMARRERBZ 7T I B ARBIR S
T W % (Figure 4-1-3)Y . % & M o # Kk W M @ £ T b D
4-(dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4H-pyran (235 4)1% 370 nm Db & % 4
TTHIELARV, UL, 7Y hI e BlEHTH Ik 2a (A B) (Z@% 4 (52 1)
BEVAENS & (2aD4), (6 4 BERDOREOFNEZFT LI ITRD, “HE, T hIEen
370 nm DA WAL L2, ZOTRAF—ZIDIAALTEAT 4 ITE VIR TEB T 5 2 L8 TE
H1-0ThHD, 20X, TBMIFA N =R MEFEEZRWZH LI EE LT HHIFE
EhTn5 Y,

. T 5
P S '7L va _Ji*.ﬂ;ﬁ
GG T Red ol o A

—_—
D,0
1a (E ‘x) 2a 220G

SN
G= @('{ o SAAS e
Et,N 0 0 Sy CN
3 I 4
2a>4
¢ (Naa\iogaqi

2a>4

&
:

Fluorescence intensity
4 . ' 2

Absorbance

unl

2204 94 2a>3

350 450 550 650 450 550 650 750
Alnm Alnm

Figure 4-1-3. Encapsulation of the fluorescent guest 4 by 2a in an aqueous solution.*”

LoL, 281 Tl L DI FRMED @O — A e B E A ORI HIL, I LD X
D IREHERE TR T35, — 5T, BUKERIZ AIE TEMEZR 72 VW= 'L, KbPTolt
AGREICE D AIE 2B+ 52N TS, F1-, IvALOESHIER, IBE, pH OB A
A7 E ORI K0 BT 5 Y, bbb, AEEIBICISE T DR S s it
P —~DISHRTATRETH D ¥, il 21, BIKESIZ poly(N-isopropylacylamide) (PNIPAM), Bk
|2 AIE &% 72 tetraphenylthiophene (TP) % 7~ % MBI E L E1%, CMC LA EOREE Tldok iz
WT 2B ETBRT 5 (Figured-1-4)", 2 £ /LMRRETIX, TP D4y FIEBIOMIHIC & miELSE L
AL AIE ZRIT 5, ZOKEHKZ PNIPAM O BRI F A 15 (Lower Critical Solution
Temperature, LCST)CL EICHNZEAT 5 &, PNIPAM AL CRIKFIZNAE T T, IBAOBKMENME T
Do TORER, JIRAFELOEBENEZ Y, MEFTL Y TP O FEEN I HIiflsnsd 2 & T
WA LS O AIE TEER M L35,
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Hydrophobic part Hydrophilic part

Kvys} w0
@:IS\E@ e ANy C O O
HsN: TNH; socmenN A N O Q O <

L e e X

TP

20O O
oo
NH,
AIE activity by suppression of
molecular motion

~
jj"

non-emissve micelle with emissve core

emission further intensified

@<>@ : AIEE-active luminogen with two ammonium
terminals (TPZNH;]
Ganne  : PNIPAM with sulfonate terminal (SECPS)

Figure 4-1-4. Schematic illustrations for self-assembled micelles structure of TP-PNIPAMnN above critical
micelles concentration (CMC) and the subsequent global micelles aggregation at temperatures above

LCST.®

H3ETIE, B T AT I REULT & AT 5 EEK[PHE"SACAS)(PPhy)ICI (111-2-Cl) (B"SACAs =
N,N -dibenzyl-1,3-benzenedicarbothioamide, PPh; = triphenylphosphine)® AIE D 3sHL % @4 L7- ©, =
D AIE FEBUE, BB X 2SR DOEEEMEIERUTE O o FEB OH| & F 47 I P TOKRFERS
BICHKT DD TH L, U LOEEND, FEE 1-2-Cl ZBUKER & U7 M SRS R 2 35t -
BRLIESE, KPTIBALZEKL, AIE 25834252 LR TE 2, 72, IvMITD
2L TN INZE LTz AIE B G ATREL 72 D, £ 2 TARETIE, AIE ZEZ2EH L7123tk
Y=~ DIS & EBEICEWT,

@O AKPTO I BATGHIC & D o FEBHENHI Dk L7z AIE D58

@ 7 A FEBERERAL & L7= poly(ethylene oxide) (PEO)EH & iRINAI (7 A 1) & OAFREAICLD R
TIVTERR OfeE 2 B3k L7z AIE fEMED ) 1

ZHBLT, WBBAESER IV-1-TfO 04 15%51 21T - 7=(Figure 4-1-5), Z OFEAERD 7y 13 FHAA
Y RIKRD 3 HTH D,

COOH

e ;/(,P\'s( e water 2“1 HOOC/C.D\COOH \&:&Q:J
Hydrophobic part —> _— _—> u

% Micelle formation Incorporation /\i. ﬁ/
Hydrophilic part —>

ooty F’ ~e %L
IV-1-TfO

Weak emission AIE activity Enhanced emission
(in methanol solution)

Figure 4-1-5. Schematic representation of self-assembled micelle of complex 1V-1-TfO in water.
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(1) SR IV-1-TFO I BAZMT 272012, 85K 111-2-Cl D~ U 7 = =)LAR AT 4 THIKES
& L T poly(ethylene oxide) (PEO) CH3(OCH,CH,),OH (M, = 2000)#H % & A L 7= (Scheme 4-1-1),

BKEBIZ PEO $H(M,, = 2000) & 3 2 WiBEMAL AR I BV 2T 5 Z L AlE S TWaH T
¥, M, = 2000 ® PEO $4% A5 Z &1 L7z 7, 85K IV-1-TfO I PEO 8% 8 A4 512 7= Y, PEO
WEHEO RN 7 2= VR AT ¢ UBRMET IV-LIY 2 AT 2 BB B 5, Bohr 7 IV-L1 38R LA
MThY, KEWERHDLZ ERbro TS, LIER>T, ZOBKMERRAT ¢ VBT IV-LL
EHWD Z LI K0 EER IV-1-TFO XM H BN 7 & 720, KPTOI AR AR L 725,

pYN Ph 1‘0’\+,?H \p\( vPh

S— Pt S (M;Ez%oo) S— Pt S Q_P_Q
@_p@ - @—P—@ -— hydrophobic part ©

@ © OVOAi'n

n-2-Cl O"‘th, <— hydrophilic part VoLt

IV-1-TfO

Scheme 4-1-1

(2) KFTOIBAEKIZLD AIE Z3EEE 572002, M EMESER 1IV-1-TFO O BUKENIC AIE
TEME 7285 111-2-Cl O/ 44 % H 7= (Figure 4-1-6),

5% 3 O 111-2-Cl D AIE BELOHRL G, $5K IV-1-TIO XTI BABRIZ LD, N onfle

R 7= =R 7 ¢ VBT OEESEBOMFIC L D AIE OFBANFREL 725 Y, 7z, #3E
TIE, DFT &HE 72 2 X0 85K 11-2-Cl OFEKIE MLCT R TH Y, WO kIx L TH
HWENET D EEHLNILTND, DD, MLCT HKOFN 2 RTE5K 111-2-Cl O
BhEE WD 2 & T, BIEECUINANC X 536 R OZbD B IV-1-TFO 0 2 v & 7 + 7 &l
DRRPEZEA & IEERNIC N D 2 LIS TE B,
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Weak emission AlE activity by suppression of
molecular motion

(in methanol solution)

.
Ph\PNYQ\(NYPh o

S— Pt S water
Hydrophobic part —> @p@ _—

Micelle formation

Hydrophilic part —>  9{-~ot,

IV-1-TfO

I0ETA7 AR (EH#R) DOBIEELIC
HLTHRARENELTS

Figure 4-1-6.

(3) WINF & PEO $4& DKFEREAIT L D I BIVBAUREEIZ R L 7= A48k AIE TEMED M
ZHFELT, A MREENLE LTPEO (M, = 2000)84% 3% A L 7-(Scheme 4-1-1 and Figure
4-1-7),

PEO SI3$5RICBIAKMEZ 7o 37211 T, IB/VRRETIE, KBEESKL, 7edsho/kFER
B R —EL 2 FEDWRINAD (A R) 2B ATEED 7 A MERFENAL & U CERT 5 2 & 3
ENTVS ™M, ZoL &, PEO # & IINAI L DARFRMAIC L Y PEO $TORBIATIALE LT, 2
EATGREMERE (S0 1 MEHBRT 20 TRSHMA) 5 9 ZoRMEERTL L,

1,3,5-benzenetricarboxylic acid (trimesic acid) DI LV, I BAZEAETITHEL L T 784K
IV-1-TIO 3+ 2B e eV, REROSFEIITS SIZMHSND, T72bb, AL PEO
B & DKRFEREEITSEIR IV-1-TFO © AIE {EMEZ ) LS5 Z L3 T& 5,

Trimesic acid
W W j;fo_ COOH
Ph_N N_Ph
= i : E‘J HooC COOH 'Q'Q/J
Hydrophobic part —> QP@ ; u g AL &

Hydrophilic part —> Of~of, B fd :

IV-1-TfO l l

( )\o/\/o\/\o/\/o\/\o/\/o Qo/\/ov\o/\/ov\o/\/o
Ho HO W0 HO  ho Wo HOOC Mo MO o
H,0 H,0 H,0 H,0 COOH H,0
)\ H0 HO0  HO  H0 '/\)\Ho HOOC'H0  HO  H0
0/\/0\/\0/\/0\/\0/\/0\ \\/ o/\/O\/\o/\/o\/\o/\/o
Figure 4-1-7.
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P ED 3 SO TREFRA » FEREEL T, I BARKIZL D AIE OFHLE TINF & OKFERE
ALY AIETEMED ) BT 5 A4SEAORNL X EHREF O IEE B a5 Z L 2 BN E LT,

4-2 HiTI, BT AT I FEEB KOV PEO $H& B FI2 A T 5 MIBUEM: B @SSR DA iz DWW
Tk~ 5%,

4-3 FiCIE, WBUENE OSSR OWEIRIREE T ORFHRHEC SN TR~ 5,

4-4 T TIE, WIBEME @SR O I B ARHEIC SOV TR D,

4-5 FiTiE, BEFRA 2 ML) EQ@ERFTT D720, WBEENE AR O I B A ERKIC L D AIE
FHUZOW TR,

4-6 HiTIE, BEARA 2 FQR)EQ) AT HI-OIC, FIANC X 5 mEENE A &R D AIE T
IR AN EaN

4-7 HiTlE, RKEOMRESE2IR~D,
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4-2. BZ®FF7 I FEREFERIT SAREEEREEROER

$E4K 111-1"Y & monomethy! polyethylene glycol (MeOPEO0000H): CH3(OCH,CH,),OH (M, = 2000)
ALY MU 7 2= LR AT ¢ VBT IV-L1Y & ORIGEITW, 8 F 47 2 FEA 42 H
T 5 WEEENE O A EEEA IV-1-TFO & & Ak L7 (IR 98%) (Scheme 4-2-1), Ak L 72 85K 1V-1-TfO
12 H, 3PLH}, PF{"H} NMR TIAliE L 7= (Figures 4-2-1 and 4-2-2), Figure 4-2-1 |Z$8&{K IV-1-TfO &
PEOQ $47372 WA 111-2-Cl & "H NMR 2227 kL% 7R LT=, $5K 111-2-Cl @ acetone (%53 % Ifi
PEDIRE LENZF IV-L1 OFRNLA DR S ZFEE LT, $EK 111-2-Cl | DMSO-ds, 1V-1-TfO (%
acetone-dg CHIE L7z, $8K IV-1-TfO T, 3-4.5 ppm (2 PEO $HICHIKT 25 > 7 F /L inHii= 128l
W4tz E£7z, 5K 1-2-Cl L RBRIS, & BIRBEGMICE “HF A7 I FEDO N-H 7 i
2 7u b SORSMETBRIS N, FAT 2 REEIMT v b AbEFIcT 2 —F A4 R TR
LCWAZERMHRTER, 2B, FIWNT 7 NRERDDIXEREN R D120 TH 5,
P{'H} NMR Ti% 20 ppm fHEIC AL RAT 4 v e DB v 7Y 7 (= 11142 H)IZ K B 7 F
LB S, BT IV-L1 A3 EAAICEAT LTV D 2 & A3ER T & 7= (Figure 4-2-2), “F{*H} NMR
TIEA U H—T =40 TIOICH KT 25 7 F 0 & 8LHIC X 7= (Figure 4-2-2), UL ED NMR &<
7 MVOFERDD, HBESEER IV-1-TFO NERTE 2 L MR Lo, 85K IV-1-TfO O¥EfRIE%
111-2-Cl Llhigd 5 &, PEO $HAE A L7 Z &IZ L0 — i AL tetrahydrofuran (THF),
acetone, methanol (&%} 32 FEfEME N R0 W E L 7= (Table 4-2-1), F£7=, $5(K IV-1-TfO 13/KIZH
BIRT 5 Z LR T T,

MeOPEO,0500OH = CH3(OCH,CH,),0H, M,, =2000

Me-S-ClI

(6]
MeOPEOZOOOOH ——— MeOPEOZOOOOQSMe
HO- )-PPh, .
i

H H

H H Ph N_ _N_Ph

Ph._N N_Ph S—Pt—S

i i AgOTF |
S—Pt—S +  MeOPEO,p0— )—PPh, — - - P
. 2000 2 "CHyCly, rt, 1h Q @

Cl

-1 IV-L1
MGOPEOZOOOO

IV-1-TfO, 98%

Scheme 4-2-1
Table 4-2-1. Solubility of 111-2-Cl and I1V-1-TfO
chloroform | tetrahydrofuran acetone methanol water
11-2-Cl O A X A X
IV-1-TfO O O O O O

O : BR, A #%iE, X NR
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111-2-Cl
b +
H a H o
Ph._N N__Ph
| I
S—F—s
Ph—P—Ph c
Ph
b a J‘
. ~“——PPN
[ I I | I I | I I [ T [ T |
12 11 10 9 8 i 6 5 4 3 2 1
IV-1-TfO
b +
H a H —l TfO" * *
Ph._N N__Ph
| | c
S—Pt—S

@é@ !
TR ofefS

C
b a |fd Jkef |
}L M_PPM
=L % 4 F L '
6 5 4

2 11 10 & & 7 I

Figure 4-2-1. *H (400 MHz) NMR spectra of 111-2-Cl (DMSO-dg) and 1V-1-TfO (acetone-dg) (* indicates

signals from the solvent).

S1P{1H} NMR = 2 2
S = S
(J = 1114.2 Hz)
{ L
PPM
r | T | T I T | T [ T | T | T I 1
50.0 40.0 30.0 20.0 10.0 0.0 -10.0 -20.0
w0
3
19F{1H} NMR =
CF3803'
PPM
T T T T T T T T T T T T L — L
-50 -60 =10 -80 -90 -100 -110 -120

Figure 4-2-2. *'P{*H} (162 MHz) and “*F{*H} (376 MHz) NMR spectra of 1V-1-TfO in acetone-ds.
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4-3. MRREMEEREEOBRRETORFEE

AEITI, $EA 111-2-Cl & IV-1-TfO ORIE L O AT MLEJIE L, PEO 28 AT 5
LT, WIRIRRE TORZREICEENTHONERTZ, LovL, 5K 111-2-Cl L ¥/ D
IV-1-TfO [ XMBENETH D -0, Wik TIEI vA R EOEAERETKT 5 A REERH D, TD
728, SR IV-1-TfO OVFIRIRAE T DORAREZ TR D EINC, WIRF CTIEOH L TV D 2 L 2R
THMLEND D, WElE, JEFEHERFOREE 5x10° M L0 HHESITHEY 3x10° M O L ED
methanol-d,, THF-dg, D,0 F1T® H NMR A2 R AHIE TIT - 7= (Figure 4-3-1), £ FTHIDIC
methanol-d; & THF-dg T TO'HNMR Z2HIiE L7 L 25, v —F Ry 7T ANBRlEh, Lo
T, methanol & THF 1 Ci%, $5K IV-1-TfO I3 BUIREETH L Z L3 bhoTc, —F T, DO H
TOMHNMR TIE7 v — RARSZFANBIS iz, ZOfEFIE, methanol 35 X OV THF & 3
720, BEIRIV-1-TIO 1K THCEASKREZTEM L T\ D Z L A2RT, 728, ZOEGEKIZONT

1% 4-4 Tik 2B,
*
(a) ‘/d_/ AJ

(b)

© i

11 10 9 8 7 6 5 4 3

Figure 4-3-1. "H NMR spectra of 1V-1-TfO (3x10° M, 298 K, 400 MHz) in methanol-d, (a), THF-ds (b),

and D,0 (c) (* indicates signals from the solvent).

H NMR Z~2%7 R LHIED> & methanol #&#E H1(3x10° M) T, 81K IV-1-TfO I3 L T\ 5 =
LR TE 7=, % 2T, methanol K T(5%x10° M) TOWRINIS L OB A7 M HIE LT
(Figure 4-3-2), #8514 1V-1-TfO & MLCT iER H kD ¥ 2773 111-2-Cl ¢ methanol 1A H T O WLIY
BROFEHART MUE—E L THY, PEO LK IV-1-TfO OE FHIREBICEEL 5 2 o2
EBDoT O LEso T, #K 11-2-Cl L[RIBRIS, IV-1-TFO OIKICHENSF AT 2 N
fLF~0D MLCT EERBEE L T\ 5 LYl L7z, £7z, methanol i TOEEK IV-1-TfO D&
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FUERIE 0.016 Th o7z,

(@) (b)
H H <|c| H H —“T’fo
0.8 Ph._N N_Ph  Ph_N N_Ph
L1 EA
P P =
O30 OO0
8 2
% 1-2-Cl MeOPEO 56000 £
o 1 —L- e)
5 04 IV-1-TfO o
(73] P
o] IS
< 3
0.2 1 g
z
300 350 400 450 500 550 600 500 550 600 650 700 750
Wavelength (nm) Wavelength (nm)

Figure 4-3-2. Absorption (a) and emission (Aex = 385 nm) spectra (b) of IV-1-TfO and 111-2-Cl in
methanol (5x107° M).

4-4. FRFEEOREED I vIUEHE

Figure 4-3-1 \Z7R L7= & 912, $5K IV-1-TFO |3k 1 (3x10° M) TIZEA KR Z TR T 5 2 & Bhbn
STz, KFTOEGENI AL THLINEHRRL7-®IZ, Nilered (NR)Z 7' r—7 & LTHNT,
W 2~ 7 L% E L 7= (Figure 4-4-1)', NR I3/KEEMEAME <, KHTO NR ORI E— 7 (3
HENR2NY, —HTIBABEET D &, NRIZI BTV IAEN THEMT 5 2 & TNR OR
WE—7 BRSNS L5175, T7205, NR OWHEDH KNS I BV OFEEHRT HZ
LINTE D, Figure 4-4-1 12783 X 912, #18 NR HSROW L 0.02 FHETdh - 7243, ShIAHRE
73 1.9x10° M (logC = -4.7)BA 1T 72 5 &, 2T NR OWEEE DRI T 7=, Z OfE I,
NR IXEAEROBAKIBIZE D AENTZZ L 2R LTS, Thbb, KFIZBW T IV-1-TfO
ZIEALERLTOD EHWTTE 5™, £/, NRE(E FTHIE IV-1-TFO 282 B 2T 5
DI IARIRL B2 PR FE T b 5 B SR X & /L2 (critical micelle concentration, CMC)(Z 2.6x10° M T &
L ENbholo, 2 EAOMERITEINYEEUELE (ynamic light scattering, DLS) & AFM #1225 4
{T>7-, DLS OFfER LV, R4 X13K 59 & 497 nm TH Y, “MEMEOSAZ/RT Z LM
Doz (Figure 4-4-2), fH% DI B/VRILOEELIZL Y, F7 RN K E WEEEDN TR S U
TG R, TIEMEDOSTRIC o Tm 8 EZ TS, ARMBIZIZ LD, SV UTERIRTH D Z L5
& 7p o7~ (Figure 4-4-3), 708 AFM B2 TlE, A a— MI XV o PR AIT - 72720,
DLS THEOLNIREL Y b REL 2o T,
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0.06 4

0.05 1

0041 cmc=26x105M

\
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Absorbance

0.02 1
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Figure 4-4-1. Absorbance (Ass = 585 nm) of NR (2.0x10° M) as a function of concentration of 1V-1-TfO
(from 7.6x10° to 5.8x10° M) in water/MeOH (99/1) mixture at an ambient temperature.

20
497.0+211.7 nm
15
2
% 10
E 58.8+13.2 nm
5
0
1 9 81.7 7389 6680

Particle size (nm)

Figure 4-4-2. Size distributions of 1V-1-TfO (5x10° M) in water.
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Figure 4-4-3. AFM image (a) and height profile (b) of 1V-1-TfO. The AFM sample was prepared by spin

coating from aqueous solution (5x10° M).
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TR AT B 85K IV-1-TFO O 2 B LV OEALE L & Fi~T=, A FIEE LT, DO $1(3x10°
M) THRE FIZE "H NMR 222 kL ZI5E L 7= (Figure 4-4-4), I ZE IR % 298 K 75 323, 343, 363 K
EERSEDITHEY, BREGAA~T7 N LRV T ARy —T o TR, IkALD—
IMEEEL TWD 2 ENbinotz, 363 Kb 298 KICIREZ T 5 &0 &Rk S 7 FLp
BHISN, TRVIHOMESZ R L, T72b5, BESIIK LT B 0EA L ED I fiE
BEIZPTHICE Z 5 Z RO e o7,

298 K

b
- RS
L

343K

A" .
298 K J\/%M

9.0 8.0 7.0 6.0 5.0 40 30

Figure 4-4-4. "H NMR spetrum of IV-1-TfO (D,0, 3x10° M, 600 MHz) (* indicates signals from the

solvent).

4-5. TMFEEOEEED AIE B

4-3 £ 4-4 TR L 51T, SR IV-1-TFO 1T methanol A TIEOH L TV 5 A%, K CIEH
CHESICLY SBLERAT S, T72b5, CMC (2.6x10° M)A LD IZHBWTIE, KPTo 3
TIVIERRIC & 5 5y F-EE O 4MHIC sk L= AIE O3EH N4 T & 5 (Figure 4-5-1), Z D Z & &k
FET B 721, $EK IV-1-TFO ¢ methanol/water JR-A AT T1(5%x10° M) TOIN A 22 hVEIE %
17> 7=(Figure 4-5-2), KOEIGDOHKITLEY, $EK IV-1-TfO DOFEIEIRE DR BBMH T E 7=,
Methanol ¥R CTORNIREZEZ 1 &35 &L, KPP TORNKMEIX 4.4 [FIHRKLTEBY, AIED
HENHEE TE 72, AIE BHEOBERIL, JIBAREIZBWNT, RXUUAESLCKY 7 2= LKAT
©4 L OEFROBEESESOMENCHET L2 b0 EZ260% 0, o IwREETIE, 5K
IV-1-TfO OBUKES CTH 55 kT 47 2 FEIZI B LORMZANTWS, Lo T, KIFEEDD
U H =T =4y TIO & OKRFREAITRK LI WEE X DD (Figure 4-5-1), 55 3 T ClE, §4
K 11-2-Cl @ AIE 3BUCE hTF 47 I RETOKRZEADEG LTS Lk~ —FHT, K
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FAEAETE TERVE T A7 2 RESE 111-3-Cl LEERENEWEET T, o HEEo
PHNC LD AIEZRBT 52 LML L, LEEBR-T, F47 2 RETOKEEBE DK
TERLTY, AIE [EHEZREALS I BLOWANCEIZEE D 2 & THHEBDIH SN 5720

PEIR IV-1-TFO @ AIE BEIIRY TH D, FBHBEREEZFT~THD L, $E IV-1-TFO @ methanol
WP TOREIERIZ 601 nm THH DK LT, AKFTIL622nm TH-o7-, —#MIIC MLCT H
KDOFEINL, WO IC X BRSBTS 2, Fiz, I3 ETHRAZL S, MLCT
HR DI 2 7R3 85K 111-2-Cl 1% methanol #5517 & methanol/water BESEIREEIZ 72 5 & $EKE D
OO KRIZE T, Ly RY 7 b5 2L Z2HLMILTWVS Y, L35 T, Figure 4-5-2
DKRHPTO Ly K7 M, methanol IR H & LR TEHA IV-1-TFO O BAVE DV B LY mE >

W< O PEO H TOMMEDHRIZL Db DIZLEZ BN D,

Weak emission AIE activity by suppression of

(in methanol solution) molecular motion

+
R o«
S—Pt—S

water
; |
Hydrophobic part —> < >{p§< > —_— N0 O\
Micelle formation E P’?\L !
1 1
1 1
Hydrophilic part =  ©%%~f, TTTTTUTTTOT
H H l
IV-1-TfO Ph_N N__Ph H H

YOETAT AL (B DIBEEIC

MLTHERARENEILTS
Figure 4-5-1.

5 -

4 Water fraction
2 (vol%)
g 3/ —— 100
c
‘© 80
=
B 2 1 60
g — 40

11 — 20

— 0
0 4

500 550 600 650 700 750
Wavelength (hm)

Figure 4-5-2. Emission spectra of I1V-1-TfO in methanol/water mixtures (510 M, A = 385 nm).
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4-6. WMBEMEEEERED AIEFEOEL

fi s TR L 91, AMTRITICIGE T 23 I B, Bttt h—~DIC N AEETH
% 4RI, T EABRICE Y AIE EMEEZRTHER IV-1-TFO 0 PEO 84 & WM & ki
FEAIC X D AIE TEMED M A2 s L= (Figure 4-6-1), —fRAOIC, ZZRFMEFHERNBIKENIC PEO
BEATHI LMY IAEND L, PEO HOMFER L RFHAEEHMT S 0, 22T, ZR
FEHEIRTH 5 1,3,5-benzenetricarboxylic acid (trimesic acid) z il & L CHV /=, Figure 4-6-2
\ZoR T & D 1T, trimesic acid DUSHTEDEERIZLE, S5K IV-1-TFO ORI 1THI K L 7=, Trimesic
acid % 75 Y &I L7- & X OEERORNRE T, WIMATE AT A2 5T AR L TRY, AIETE
PEOWE EABIHITE 7o, 858 IV-1-TfO OFOLIERIE, IRIMATTIL 620 nm TH L DI LT,
IN#1% 597 nm & 7 /b—3 7 kLT 7=, Figure 4-5-2 @ methanol/water {& &AM 1 T D3 A7
RLVTH LI o7k 918, IBAEVBLOY BE7 4 7 < O PEO $5 TOMMEK Tz L v
BEIR IV-1-TFO ORI RIL T V— 7 h9 %, Trimesic acid D UM K 0 SEIR DR IEHREE A3 HE K
L7=Z & &BRET 5 L, 5K IV-1-TfO @ PEO $4IZ trimesic acid 23 /K5 G L T2 ATREMEA @
(Figure 4-6-1)”, 725, Figure 4-6-2 D7 /L— 7 FOBEREIE, trimesic acid DR K 2 K%
WROMBMHAR T 721 T2 <, KFHAICL D PEOHTOBAMEEE LTS B2 LD,

Trimesic acid
H P A COOH

S§—Pt—S

Hydrophobic part —> Qﬂa@ ;

Hydrophilic part —> Of~of,

IV-1-TfO
\. \VJ\Q/\/O\\/\Q/\/Q‘Y\/\O\/\/O\ <_/>\0 A N LN
Ho0 HO W0 HO  ho H,0 HOOC “yo HO  ho
H,0 H,0 H,0 H,0 H,0 COOH H,0
)\ Ho /H;O |’120 /IHZO H,0 ,\)\ H,0 Hooc |-’|20 H0 H0
NENONNG OGO i GO GO NGO
- N
Figure 4-6-1.
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51 COOH
75 eq.

- 4]
= HoOC COOH
%]
c
% 3 1 Trimesic acid
E
g 2
[J]
14

1 4

0Oeq.
0 1

50 550 600 650 700 750
Wavelength (nm)
Figure 4-6-2. Changes in emission spectra of 1V-1-TfO (water, 5x10° M, Aex = 385 nm) upon the addition

of trimesic acid.

HRRSEER & LT, S5 IV-1-TfO O THF B IC trimesic acid % 50 B &AL, FIEAT b
ZM7E L7=(Figure 4-6-3), K &R0, I BADTEAE L2V THF I TIESE RO F 6 E
ORI S ed o7z, £, BINAIE LT trimesic acid & 0 & BRI F W mellitic acid %
PEIR IV-1-TFO @D I B ADFET 2 KEIRIC 50 M IR LT FEH AT FAERIELTZE 25,
trimesic acid @ & & X 0 L EEROIEIEIREE ORI/ & D> 7 (Figure 4-6-4), Z OFEITREE DHEK
ZAEA NS VoL, mellitic acid X trimesic acid & #7220 KEHETH Y, I BTV IAEIIZL
Wi e EBEZBID, LLEORBERNS, IE/AIC trimesic acid ZHLY iATe Z & THEE
IV-1-TfO @ AIE {EMEIXM L TWD 2 L dbinolz,

- — IV-1-TfO + trimesic acid (50 eq.)
— IV-1-TfO

Relative intensity

500 550 600 650 700 750
Wavelength (nm)

Figure 4-6-3. Emission spectra of 1V-1-TfO with and without the addition of trimesic acid in THF (5x107°
M, Aex = 385 nm).
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1.4 . L
PN - - IV-1-TfO + mellitic acid (50 eq.)
1.2 / N — IV-1-TfO
b II \\
g 1.0 4 / N
() / \
£ 08 / COOH
a /’ HOOC COOH
2 06 !
ks H HooC COOH
& 04 /.’ COOH
02{ / h Mellitic acid
0

500 550 600 650 700 750
Wavelength (nm)

Figure 4-6-4. Emission spectra of 1V-1-TfO with and without the addition of mellitic acid in water (5x107

M, Aex = 385 nm).

HEUWNT, AIE iEME M FIX, trimesic acid FINIC X B 85K IV-1-TfO O I BV TEREE I B k4

HLONETHE LT, XERICE D &, IWINFIE PEO $5& OKEFEREBICEY, B L {EZERT

D1 (RO BRI HZ LA DLS HIEDHENLELZLTWS Y, LaL, Figure 4-4-2
R LT LD I BV ORBRDAIZ IEETH Y, WA LD I B LOSEEIE K% DLS 75

ITEZETERN, 22T, ROV of&FiEE LT, trimesic acid Z ¥ L 72 88K 0 Kkl 7 a

— 7 ThAHNRZILIZIRINL, WIXRAZ ~LzHIE L7 (Figures 4-6-5 and 4-6-6), NR DOW:t
FEDBERMN G, BIMFNC LD I B ARIEE (A KR I B LVOEK) 2R T 52
L NA[RETH B, NR OWSEFE I trimesic acid D ERIMEDEE KIZFEWEE K L=, L7223 C, trimesic

acid DFRINZ X 0 85K IV-1-TfO O I BILERIMEE SN TWA Z & 2R TX -,

0.20 4
— |IV-1-TfO + trimesic acid (50 eq.) + Nile red

0.15 | — IV-1-TfO + trimesic acid (25 eq.) + Nile red
0} —— IV-1-TfO + Nile red
g
8
5 0.109
(%]
Q
<

0.05 {

0 .

500 550 600 650 700 750 800
Wavelength (nm)

Figure 4-6-5. Absorption spectra of 1V-1-TfO (5.0x10° M) and NR (2.0x10° M) in water/MeOH (99/1)

mixture.
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Trimesic acid
COOH
HOOC COOH .
. Nile red -
o} ‘ OKJ/NV %
SN ]
.2.6/“ l u :B.... u
[ |
Figure 4-6-6.

%12, trimesic acid #sN#% DEEA IV-1-TFO @ 2 B /LB O#eER % DLS 7> 517 - 7= (Figure 4-6-7),
Trimesic acid % 75 4 &AL 7z & & Ok FH A X134 1507 nm TH Y, WINATE e~ TRF-H A
RIFE LS KREL o TND Z ENRb-oTz, Trimesic acid % 75 M4 &R L 7285K IV-1-TfO O
K2 —HEE L TR &, REMMAHTH LTz, Ml Afk(pore size: 1 um) TILEW) % Ry
TR DOV X OFE AT RV HIE L 7= (Figure 4-6-8), Trimesic acid #sINE% & 138720,
FEIR IV-1-TFO HERDOWSLEE R KOOI T LT, 75 HEIRN L 7ZEROR-H 1 X738
ELLKREL 2o TDHZ L L trimesicacid £V KD EEIE (#/E & TR 15000 %) 1F7E
2% Z Linb, Figure 4-6-8 DREHRIL, BiAFNZ XD BUKMEDIR TICER L7z 2 B0kl L O
W ZRT, LEOREREZRE 25 &, YWINE2 50 4 i FE Tk, PEO #4& trimesic acid & DK
fiEriZ &5 PEO SR COBKFNC L > TIBAVERIMeE S, £ORRLE LT, #IRTL D $453
TIEENA S HICHNH A, $ER IV-1-TFO @ AIETEMD A L L7232 Hivd,
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Figure 4-6-7. Size distributions of 1V-1-TfO (5x10° M) with the addition of trimesic acid in water.
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Figure 4-6-8. Absorption (a) and emission (e = 385 nm) spectra (b) of 1 with the addition of trimesic acid

(75 eq.) in water (5%x10° M). The nanoparticles precipitated from the aqueous solution under the static

condition. The precipitate was filtered by the kiriyama filter paper (pore size: 1 um).
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ARETIE, AIEZFEBZIEH LIttt — IS &2 BBHICE VT, WSS A D I BB

BRI K D AIE DFEBL &L IRINFINC K 5 AIE TEMEDH B2 BH5 L7z, AIE IEME7Z2BUKME 72 85{K1Z PEO
P AN U 7= MR BEESE(R IV-1-TFO 1%, PEO SHOBUKMEDOBRIZ LV KFTI AL EELT S
ZEMTE T, A IV-1-TFO X2 B/VIREEBIZEWT, o EBOIHICH KT 5 AIE ZFBLL
72o 51T, PEO $UIIRINAID trimesic acid D7 A Fadiibhc & L CTEA L, $8K IV-1-TfO ©
AIE IEYED A EIZFH 532 Z ERbhotz, ZO AIE RO EiE, PEO $4& trimesic acid & @
KRFFREEITED I BAVEROREICHRTL2EDEEZLND, ZOXIICKETIE, IBALE
FIZ K D AIE OFEL L BMANT K 0 AIETENEA M) 75 A SR DR 13X FHE#H O FERER) 72 %0
REB/DHZENTE, RAELXAEFBHEAEH LBt —0 800 L5, 514,
ARE TR U7oREHES 2 B AR R L 0G5 2 & T, AFIEE, KFE”E FF—HAE
AT D KIS A EWE bisphenol A 72 XD AIE FE Nt o — & L CHIRETX 5 (Scheme
4-7-1),

bisphenol A
CH,4
HOHOH
2 J‘) O CH3 ﬂ% é)
2 [ ] u
> I
Incorporation /\fﬁz@/
Scheme 4-7-1
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AWFZETIE, RO ALK L 1T R A A B =X AT AIE 3BT 28K OBNT 735358t %
FENTTHZ LT, AIETEMEZ28 LW Atk etk o2 E 2B LT,

%2 TIE, AERICEY & ndsdsd B FIZEH LT, ZORNLF &2 WIZHBLO A a8
KEGRL, 5 FoEESIZLLTXy~—BlRomfl L s Esomfl] 2k AIE OFEL
ZHE L, 72, =X ~—BROMENIT 2 ndsdsd Bofz 1O S DA ATE A MREET 572
DI, FHEEOENT & b=~ U VENL & WSS S ARk L, BEdRETO AIE %81 %
el U7z, X BEE AT 00 R E O Hele 20 B, ndsdsd 85K, EARIREEICB N T F v ~—F
IR SN TS Z LA LMNI LTz, ZOTF U ~—IBROMENIIMNA T, BRKRETAT
72 5B BR OEEAEB) O IHIC K 0 ndsdsd SEASIZEAREE T AIE 25 8L L7z, 2405 O gt H
5, ndsdsd BN O m ST F 2~ — I OMIHNC X 2 Aesiko AIE DRBUCANTH S Z
ERA B E IR, LLED XS ITARETIE, BN FRREHEHO DiFRERIEICE S Em0n
BN FRREHC K D =% o~ — TR oMl &, BN O FEE O LD AIE DFEBL] 2L
L7,

B3 ETIE, B MTFAT I REDKEMAEI LV EERORIEIHBT H5EICER LT, 6
THRT AT I RENLFE WSRO F A M ReERE SR L, TKEFREOEH) 12X 5
AIE OFBlLZ BfE L7, £io, RIS T 2547 I RIETOKRFEREGOFHAMEEZ BT 5
TDIT, KEEEEHRCTERVE =T AT I NEN 28T 50T AUk b Ak L, HiE
WRETD AIE FBLZ L LTz, BT ARy v 2 —T =F oA 4 MM AERZRE
L, $ADFOREZ O RICBWTE, B RF 47 2 FELFE2 AT 50 F 4 R0
PNAIE ZRB LTz, E7o, XIEERIT LY, B MF A7 I REIEIA U ¥ =T =4 Rt
S ERFEREEEER L TND Z E MR TE T, 2N DMEBRGNG, 747 I NEDKFE
A DFENIRICEE L TWD Z Enbholc, UEDO X SITAETIE, B _HFAT I FED
IKFERESITEERE TO ASIEEROFMRICAATH L Z N BN E R Y, B EHES
@ TENLFOKFREEZTER LIZ AIE ORBL) 2SI T 5 2 LN TE T,

4 BCUE, AIE BBV ZTEA L2 v —~ OIS A RBICEW T, 5 3B THM L7z AIE
TEMEAR SR &2 BUKERIC, £72, PEO $HZ&BUKE A SUIMFI D7 A N FBalkiiir & Uiz i gl A
A LTz, ZHUCEK ST, KPP TOIBAERHIZE D AIE 23 EBLL, RIANZL Y 0 AIETE
PEA ] L3 2 85RO B TR FHEH ORE L B L7, WiBUErESS AT, KHizisyv T PEO $4D
BUKMEDHIRIZL Y, I|AZEMKL, AIE ZRETLHZERHLNE ST, £, IEALD
PEO 237" 2 MR & L TR LT, #INAI L KERE A EZTER T 5 2 & T, $EKD AIE &M
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NEETHZEBHALMNI LT, Lizno TRETIE, BAEeEARD AIE 82 1EH L7=%tt s

Y — DN TR FHES & 72 D B R 2D Z LN TE T,

LLED X DIWTAMETIE, AIE OFBLTER, O yFomESIC &2k o~ —JEko il
L TEBOIE]] BLOOQ DKEMEDOIEH] Th 2 AR ORNF-REHEE A2 LT 5 2
EMNTET, ZOZOOREHESHT, k0@ TRBEMHAEROIEM] Lixfies, 4%, H
W U 7B Rt iREE, B AL, wDGEI O Rt e M & T O AT A A — FoAF
WE DI Y —TIEREFHEHOB L0, /BN ENLELE T LA A A=V 7 TR
REHRH @z W5 Z & T, AIE A&k % 2RI NM B~ DICH IR T 5,
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General Procedures

All NMR spectra were obtained with a BRUKER AVANCE-400S. [D]sphosphoric acid solution and
hexafluorobenzene were employed as an external standard in *P{*H} and “F{*H} NMR spectra
respectively. IR spectra were recorded on a JASCO FT/IR-4200 spectrometer. MALDI-MS spectra were
recorded on a Kratos-Shimadzu AXIMA-CFR plus MALDI-TOF MS. Absorption spectra were recorded on
JASCO V-550 and JASCO V-630 spectrometer. The emission spectra were measured with JASCO
FP-6500, JASCO FP-6200 and Hitachi F-2700 spectrophotometer. Luminescence quantum yields in
solution and solid state were obtained by a Hamamatsu photonics C9920-02 and a JASCO ILF-533,
respectively. Temporal profiles of luminescence decay were recorded using a microchannel plate
photomultiplier (Hamamatsu, R3809U) equipped with a TCSPC computer board module (Becker and Hickl,
SPC630). X-ray diffraction analysis was carried out using a Bruker APEX-1l CCD and a Rigaku R-AXIS
RAPID. Average particle sizes of aggregates were measured by dynamic light scattering (FDLS3000,
Otsuka Electronics). Atomic force microscopy (AFM) image was obtained with a Hitachi High-Tech

Science E-sweep. Elemental analyses were carried out with a Perkin-Elmer 2400 CHN Elemental Analyzer.

Chapter 2

Synthesis and characterization

All reagents and solvents were purchased and used without further purification. Ph,S(=N-(Ph;)S=N),
(ndsdsd)* was synthesized as described previously. [Pt(hfac),],> [PtCI(ppy)(Hppy)],® [Pt(bzq)(u-Cl)].*
[Pt(N~N)CI,] (N~N = phen, bathophen),® and [Pt(ppy)(MeCN),]PFs (11-6)° were prepared according to the

method reported in the literature.

[Pt(ndsdsd),](hfac), (I11-1)

[Pt(hfac),] (30.4 mg, 0.05 mmol) and ndsdsd*2H,O (65 mg, 0.1 mmol) were added to methanol (2 mL).
The mixture was refluxed for 6 h. After the reaction mixture was cooled to ambient temperature. The
solvent was evaporated under reduced pressure. The residue was washed with CHCIs;, and recrystallized

from MeCN/Et,0 to give the corresponding pale yellow solid.

11-1: Yield: 71 mg, 78 %; m.p. 215-217 °C (decomp. monohydrate). ‘H NMR (400 MHz, CD;0D) & 7.33
(t,J = 7.8 Hz, 16H), 7.43 (t, J = 7.8 Hz, 8H), 7.50 (t, J = 7.5 Hz, 8H), 7.64 (t, J = 7.5 Hz, 4H), 7.69 (d, J =
7.8 Hz, 16H), 7.81 (d, J = 7.5 Hz, 8H); B3C NMR (100 Hz, CD30OD) & 85.9, 118.1, 121.0, 128.7, 130.3,
131.3, 134.3, 136.3, 136.9, 144.2, 175.4 (Jec = 30.5 Hz); IR (KBr, cm™) 3061, 1670, 1553, 1526, 1473,
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1446, 1307, 1246, 1191, 1132, 1076, 1029, 982; Anal. Calcd for CgHssF12NgOsPtSe: C 53.04, H 3.47, N
6.03. Found: C 53.14, H 3.63, N 5.80.

[Pt(ndsdsd)(C~N)]PFs (C~N = ppy (I1-2) and bzq (11-3))

[PtCl(ppy)(Hppy)] (0.1 mmol) or [Pt(bzqg)(u-Cl)], (0.05 mmol) and ndsdsd*2H,0 (65 mg, 0.1 mmol) were
added to methanol (2 mL) containing KPFg (0.2 mmol) at ambient temperature. After stirring for 5 h the
precipitate was filtered and washed with water and methanol. Recrystalization from MeCN/Et,O gave the

yellow solid 11-2 and green solid 11-3, respectively.

11-2: Yield: 87.3 mg, 79 %; m.p. 179-181 °C (decomp.). *H NMR (400 MHz, CD;CN) & 6.91-6.99 (m, 2H),
7.10-7.13 (m, 1H), 7.34-7.44 (m, 14H), 7.48-7.54 (m, 4H), 7.59 (t, J = 8.5 Hz, 2H), 7.68 (d, J = 8.0 Hz, 1H),
7.74 (dd, J = 8.5, 0.8 Hz, 4H), 7.86-7.94 (m, 9H), 9.08 (dd, J = 6.0, 0.8 Hz, Jpus = 39.8 Hz, 1H); °C NMR
(100 Hz, CDsCN) & 119.5, 123.2, 123.4, 124.0, 127.9, 128.4, 128.8, 130.1, 130.2, 130.8, 131.3, 133.6,
133.8, 134.3, 135.9, 136.2, 139.0, 144.4, 145.0, 145.7, 146.4, 149.9, 168.2; IR (KBr, cm™) 3060, 1607,
1473, 1445, 1305, 1245, 1075, 1031, 984, 832; Anal. Calcd for C4sHssFsNsPPtSs: C 50.90, H 3.45, N 6.31.
Found: C 50.68, H 3.65, N 6.57.

11-3: Yield: 68.8 mg, 61 %; m.p. 141-143 °C (decomp.). *H NMR (400 MHz, CDsCN) & 7.31-7.45 (m,
12H), 7.47-7.54 (m, 6H), 7.58-7.65 (m, 4H), 7.74-7.78 (m, 6H), 7.95-8.00 (m, 8H), 8.41 (dd, J = 8.0, 1.4
Hz, 1H), 9.27 (dd, J = 5.6, 1.4 Hz, Jou = 39.2, 1H); *C NMR (100 Hz, CDsCN) & 121.1, 122.4, 124.2,
127.4, 127.9, 128.3, 128.4, 128.8, 129.8, 130.1, 130.2, 130.4, 130.9, 131.3, 131.9, 133.6, 133.9, 134.1,
134.3, 136.0, 136.1, 137.7, 144.3, 146.5, 148.9; IR (KBr, cm™) 3060, 1568, 1473, 1445, 1301, 1242, 1073,
1031, 983, 846; Anal. Calcd for CagHgsFsNsPPtSs: C 51.94, H 3.38, N 6.18. Found: C 51.64, H 3.31, N
5.89.

[Pt(ndsdsd)(N*N)](PFs), (N*N = phen (I1-4) and bathophen (11-5))

[PtCI,(N*N)] (N*N = phen, bathophen) (0.1 mmol) and ndsdsd*2H,O (65 mg, 0.1 mmol) were added to
dimethyl sulfoxide (DMSO) (1 mL). The reaction mixture was stirred at 90 °C for 3 h. After cooling to
ambient temperature, the solution was slowly added to a solution of KPFs (0.4 mmol) in methanol (5 mL).
After stirring for 3 h the precipitate was filtered and washed with water and methanol. Recrystallization

from MeCN/Et,0 gave the yellow solid 11-4 and 11-5 respectively.
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11-4: Yield: 115.2 mg, 90 %; m.p. 281-283 °C (decomp. monohydrate). ‘H NMR (400 MHz, CD;CN) &
7.40-7.48 (m, 12H), 7.59 (t, J = 8.5 Hz, 4H), 7.65 (t, J = 8.5 Hz, 2H), 7.79 (dd, J = 8.5, 0.8 Hz, 4H), 7.89
(dd, J = 8.4, 5.4 Hz, 2H), 7.98 (dd, J = 8.5, 0.8 Hz, 8H), 8.12 (s, 2H), 8.78 (dd, J = 8.4, 1.2 Hz, 2H), 9.06
(dd, J = 5.4, 1.2 Hz, 2H); *C NMR (100 Hz, CD,CN) & 126.7, 128.3, 128.6, 129.0, 130.6, 131.2, 131.6,
134.7, 134.8, 136.8, 140.1, 142.8, 148.5, 150.0; IR (KBr, Cm'l) 3070, 1582, 1472, 1447, 1308, 1211, 1176,
1071, 1015, 984, 840; Anal. Calcd for C4gH4oF12NsOP,PtS;: C 44.41, H 3.11, N 6.47. Found: C 44.13, H
2.90, N 6.62.

11-5: Yield: 109.4 mg, 76 %; m.p. 269-271 °C (decomp.). '"H NMR (400 MHz, CD3CN) & 7.41-7.48 (m,
12H), 7.58-7.69 (m, 16H), 7.80-7.84 (m, 6H), 8.00-8.05 (m, 10H), 9.13 (d, J = 6.0 Hz, 2H); *C NMR (100
Hz, CDsCN) & 126.8, 128.3, 129.0, 129.7, 130.2, 130.5, 130.7, 130.9, 131.3, 134.7, 134.8, 136.4, 136.8,
142.9, 149.0, 149.6, 152.5; IR (KBr, cm™) 3060, 1595, 1473, 1446, 1309, 1294, 1213, 1073, 1031, 985,
843; Anal. Calcd for CgoHasF12NgP2P1tS5: C 50.32, H 3.24, N 5.87. Found: C 50.19, H 3.33, N 5.76.

Crystal structure determination

X-ray quality crystals were obtained by the slow diffusion of diethyl ether into acetonitrile (11-1, 11-2-CIQOy,,
11-4, and 11-6). Intensity data were collected on a Bruker APEX-II CCD diffractometer with Mo Ko
radiation. A full matrix least-squares refinement was used for non-hydrogen atoms with anisotropic thermal
parameters method by SHELXL-97 program. Hydrogen atoms were placed at the calculated positions and
were included in the structure calculation without further refinement of the parameters. Crystallographic
data have been deposited with Cambridge Crystallographic Data Centre: Deposition number
CCDC-923873 (11-1), 923875 (11-2-ClQy), and 923874 (11-4). Copies of the data can be obtained free of
charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data
Centre, 12, Union Road, Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; e-mail:

deposit@ccdc.cam.ac.uk).

Chapter 3

Synthesis and characterization
All reagents and solvents were purchased and used without further purification. Complex 111-1" and
1,3-bis(1-piperidinothiocarbonyl)-phenyl-C2,S,S }chloroplatinum(11)® were synthesized according to the

method reported in the literatures.
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Synthesis of complex 111-2-Cl

A mixture of complex I11-1 (151.5 mg, 0.25 mmol) and triphenylphosphine (78.7 mg, 0.30 mmol) was
stirred by ultrasound in acetone (100 mL) for 1 h at 40 °C. The solvent was evaporated under reduced
pressure. The residue was washed with hexane and extracted with chloroform. Recrystallization from

chloroform/hexane gave complex 111-2-Cl.

111-2-CI: Yield: 204.7 mg, 94%; *H NMR (400 MHz, DMSO-dg) 5 12.17 (s, 2H), 8.32 (dd, J = 8.0, 2.0 Hz,
2H), 7.62-7.53 (M, 9H), 7.49-7.44 (m, 7H), 7.39-7.29 (m, 10H), 4.89 (s, 4H); **P{'"H} NMR (162 MHz,
DMSO-dg) & 19.51 (J(PtP) = 1114.2 Hz); MALDI-TOF-MS Calcd for CyoH3:N,PPtS, [M-CI+H]?* 833.2,
Found 833.1; Anal. Calcd for C4H3,CIN,PPtS,: C 55.33, H 3.95, N 3.23. Found: C 54.94, H 4.04, N 3.27.

Synthesis of complex 111-3-Cl: Complex I11-3-Cl was synthesized in the same manner as complex 11-2-Cl,
except that 111-1, 3-bis(1-piperidinothiocarbonyl)-phenyl-C2,S,S’}chloroplatinum(ll) was used instead of

complex I11-1.

111-3-CI: Yield: 31.6 mg, 70%; *H NMR (400 MHz, DMSO-dg) & 7.65 (dd, J = 8.0, 2.0 Hz, 2H), 7.56-7.58
(m, 9H), 7.45-7.50 (m, 6H), 7.34 (t, J = 8.0 Hz, 1H), 4.24 (s-br, 4H), 4.06 (s-br, 4H), 1.79 (m-br, 12H);
3p{'H} NMR (162 MHz, DMSO-ds) & 18.95 (J(PtP) = 1135.8 Hz); MALDI-TOF-MS Calcd for
CasH3sNPPtS, [M-CI]* 788.2, Found 788.1; Anal. Calcd for C3sHasCIN,PPtS,+1.5H,0: C 50.79, H 4.85, N
3.29. Found: C 50.73, H 4.82, N 3.19.

Crystal structure determination

Intensity data were collected on a Rigaku R-AXIS RAPID and a Bruker APEX-II CCD diffractometer with
Mo Ka radiation. A full matrix least-squares refinement was used for non-hydrogen atoms with anisotropic
thermal parameters method by SHELXL-97 program. Hydrogen atoms except for H1 and H2 were placed
at the calculated positions and were included in the structure calculation without further refinement of the
parameters. H1 and H2 of 111-2-Cl and 111-2-BF, were determined by difference Fourier map and refined
isotropically. Crystallographic data have been deposited with Cambridge Crystallographic Data Centre:
Deposition number CCDC-957173 (111-2-Cl) and 957174 (111-2-BF,). Copies of the data can be obtained
free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.ntml  (or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; e-mail:

deposit@ccdc.cam.ac.uk).
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Computational details
The geometrical structures were optimized at the B3LYP level for 111-2° with LANL2DZ basis set
implemented in Gaussian 09 program suite.® Using the optimized geometries, TD-DFT calculations were

performed at the B3LYP level for 111-2" to predict their absorptions.

Chapter 4

Synthesis and characterization
CH3(OCH,CH,),OH (M, = 2000) was purchased from Aldrich and used without further purification.
Complex I11-1” and the hydrophilic phosphine ligand 1V-L1" were synthesized according to the method

reported in the literatures.

Synthesis of complex IV-1-TfO

A mixture of 111-1 (13.3 mg, 0.022 mmol) and the hydrophilic phosphine ligand (55.2 mg, 0.02 mmol) was
stirred in anhydrous dichloromethane (1.5 mL) for 30 min at room temperature under nitrogen atmosphere.
The mixture was filtered through Celite and the resulting solution evaporated in vacuo. AgTfO (5.6 mg,
0.022 mmol) and anhydrous dichloromethane (1.5 mL) were added to the residue. After 30 min of stirring
at room temperature under nitrogen atmosphere, the mixture was filtered through Celite and the resulting

solution evaporated in vacuo to give IV-1-TfO.

IV-1-TfO: Yield 68.2 mg, 98%; 'H NMR (400 MHz, aceotne-dg): & = 10.67 (s, 2H), 8.09 (d, J = 7.4 Hz,
2H), 7.60-7.58 (m, 12H), 7.48-7.37 (m, 11H), 7.17 (d, J = 7.4 Hz, 2H), 5.06 (s, 4H), 4.26 (t, J = 4.4 Hz,
2H), 3.87 (t, J = 4.4 Hz, 2H), 3.74-3.40 (br, PEO backbone), 3.29 (s, 3H); “*F{*H} NMR (376 MHz,
aceotne-d) : 8 = -78.96; *'P{*H} NMR (162 MHz, aceotne-dg) : & = 17.26 [J(Pt,P) = 1114.2 Hz].

Critical micelle concentration of 1V-1-TfO by dye incorporation

Critical micelle concentration of IV-1-TfO was determined according to the method reported in the
literature."* A 20 pL aliquot of a 2.0x10° M solution of Nile Red (NR) in methanol was transferred to 2
mL of an aqueous solution 1V-1-TfO (7.6x10°® to 5.8x10™ M). The solutions were kept in the dark for 20

hours. The absorbance at 585 nm was recorded at an ambient temperature.
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Incorporation of trimesic acid by IV-1-TfO

Incorporation was conducted by reference to the literature.” A certain amount of trimesic acid (0-75
equivalent for 1V-1-TfO) was added to the aqueous solution of 1V-1-TfO (5x10° M). The suspended
mixture was irradiated by ultrasound for 5 min and vigorously stirred for 15 min at room temperature. The
mixture was kept in the dark for 60 min. After removal of undissolved trimesic acid through kiriyama filter
paper (pore size: 1 um), the absorption spectra, emission spectra, and average particle sizes of the resulting

solution were measured within 15 min after the preparation of solution.

Incorporation of trimesic acid and Nile Red by 1V-1-TfO

"2 Trimesic acid (25 or 50 equivalent for

Incorporation was conducted by reference to the literature.
IV-1-TfO) were incorporated into 1V-1-TfO (5x10” M) according to the incorporation method of trimesic
acid by 1V-1-TfO. The incorporation of Nile Red into 1V-1-TfO containing trimesic acid was in the same

manner as critical micelle concentration of 1V-1-TfO by dye incorporation.

100



Crystallographic data for complex 11-1 and 11-2-ClQO,.

11-1

11-2-CIO,

Chemical formula

Ca1H31Fs04P1)5S5:CH3CN

C47H35CINsO4PtS;-3CH3CN

Formula weight 960.49 1186.73
crystal size (nm) 0.48x0.08x0.04 0.19x0.14x0.03
Temperature (K) 90 90

Crystal system triclinic monoclinic
Space group P-1 C2/c

a(A) 10.376(6) 37.940(4)

b (A) 14.038(8) 16.2165(18)
c(A) 14.545(8) 16.9118(19)
o () 74.877(10) 90.00

B 84.341(10) 106.346(1)
) 89.147(10) 90.00

V (A% 2031.1(2) 9984.6(19)
z 2 8

u (mm™) 1.961 3.033

F (000) 968 4768.0
Deaica (g/cm®) 1.570 1.579

No. of data 22905 27364

No. of unique data 8863 10991

No. of variables 538 615

R (I > 25(1)) 0.0189 0.0468

R (All reflections) 0.0189 0.0600

Rw (All reflections) 0.0498 0.1360
GOF 1.038 1.038
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Crystallographic data for complex 11-4 and 11-6.

11-4 11-6
Chemical formula CagH3gF12NgP2PtS3:CH3CN-(C,H5),0 | CysHygFsN3PPt
Formula weight 1395.24 578.37
crystal size (nm) 0.32x0.29x0.06 0.27%0.02x0.02
Temperature (K) 90 90
Crystal system triclinic monoclinic
Space group P-1 P2,/c
a(A) 10.825(2) 24.183(7)
b (A) 14.664(3) 21.067(6)
c(A) 18.056(4) 6.9779(19)
a () 81.016(2) 90.00
B () 85.583(2) 95.327(4)
v (°) 88.876(2) 90.00
V (A% 2822.6(10) 3539.8(17)
z 2 8
u (mm™) 2.729 8.050
F (000) 1392.0 2192.00
Deaca (9/cm®) 1.641 2.170
No. of data 31492 19293
No. of unique data 12297 7729
No. of variables 697 470
R (1> 20(1)) 0.0326 0.0189
R (All reflections) 0.0343 0.0599
Rw (All reflections) 0.0951 0.1436
GOF 1.061 0.949
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Crystallographic data for complex 111-2-Cl and 111-2-BF,.

111-2-Cl 111-2-BF,
Chemical formula CoH34N,PPtS,CI-CHCl; CaoH3z4sBF4N,PPtS,-H,0-CH30H
Formula weight 987.74 969.77
crystal size (nm) 0.30x0.20%0.05 0.32x0.09%0.07
Temperature (K) 90 90
Crystal system monoclinic triclinic
Space group P2, P-1
a(A) 11.4766(4) 10.0406(7)
b (A) 9.6619(3) 14.1142(10)
c(A) 18.1480(6) 14.7104(10)
a () 90.00 74.4260(10)
B 96.764(1) 80.2570(10)
v (°) 90.00 84.3080(10)
V (A% 1998.3(1) 1976.0(3)
z 2 2
u (mm™) 3.941 3.740
F (000) 976.00 964.00
Deaiea (g/cm®) 1.641 1.630
No. of data 32342 22323
No. of unique data 8820 8612
No. of variables 452 495
R (1> 20(1)) 0.0479 0.0208
R (All reflections) 0.0547 0.0213
Rw (All reflections) 0.1284 0.0569
GOF 1.059 1.065
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