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BROBEFHEEZBC TER (persistence B) | @A % (amalgamation
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HART PNVORBKIZEMENIZ Fig.2-1B)D X >i2khd, 22T, 7
7872 —DFENGFEX=[A]/{[DI+ [A]}. ( (D) . (A) X LBHEHF D
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Fig. 2-1(A). Two-dimensional models of the mixed J-aggregate
and possible spectroscopic properties. Separate aggregate,
mosaic aggregate, homogeneous aggregate of persistence-type and
homogeneous aggregate of amalgamation-type. Variations of the
maximum wavenumber(wv ,, v, ) of the J band (—), and resonance

fluorescence (---) with molar ratio X are also given.
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Fig. 2-1(C). Dependences of absorbance (a,, a,) at the J-band and
normalized resonance fluorescence intensity (I,=1i,/a,, [,=1,/a,)

on X.
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Fig. 2-2. Structure formulas of cyanine dyes.
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AL, 8% LB EO/ER, ER~DOHEBUIATHR (2-6,7) & RERIZIT
o, BEBKOEH, 77 2ABBEOEE. AREBROLBITIEEDN
HBCHE > 72 (2-5), AHEKR(A0XI0X]1 mm) DEEIZT FF P 8BH F I
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BHE Fig.2-3) AW, 1EEOMBE (dyel | dyell | dyelll, S120)
&t LB A (B LB £, dye: C20)&#iK b7 7 ECIERR L=, B
Bikix dyve £ C20 D 7 nua RV LK (E/NK dye: C20=1:4)Th 5,
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N7 b ORIEIZIL UV260 AR R NG (BERER) &, &k
Z“7FW®Nm_@HnMmm“ﬁﬁﬁﬁﬁﬁ%%wt O A
7 L OREKEEIZ, dyel . dyell | dyelll, S120 DA S L HITH L
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Fig. 2-3. Experimental method.
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2-3-1 dyel : dyell LB&

BHET O (dyel +dyell ):C20=1:4 Dt & —FEIZR B . dyel :dyell
DENHZ 1:0~0: 1 DB TEZL CTLBEEZER L, Fig. 2-4(A).
(B)i1Z dyel :dyell : C20=1.4:0.6: 8LB FED /UL, HH AT bV
52 %, th#go=d dyel : C20=1: 4LB fE, dyel : C20=1 : 4LB
BEoxXdIcT2AXRI7 b vEEALENLA), BIZART, BEM LBEIZE W
T, dyel BEEK, dyvelEKRD J N F, WBHEALIT, TLEh A
= 603 nm(16580 cm™')., A, = 608 nm(16450 cm™') . B LW, A1 =672

em

nm (14880 cm™). A, = 676 nm (14790 cm HIZMET 5., A LB
ORI A XY "AWZIZ2AD T N KRR A= 601 nm (16640 cm™!) .
670 nm (14930 cm) WCBHAI SN, 2AKADHEBEEEIT AL, = 608

nm (16450cm™). 675 nm (14820 cm™H)IZRA 6T,
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Fig. 2-4. Absorption (A) and fluorescence (B) spectra of the dyel
assembly, the dyell assembly and the dyel:dvell assembly.

A molar ratio, dyel:C20=1:4, B: dyell :C20=1:4, C: dyel:dye
Il :C20=1.4:0.6:8.
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Fig. 2-5. Variations of the positions of absorption peaks (v
"o v ') and fluorescence peaks (wv",, wv*,) of the dyel : dye

I assemblies with the fraction X of dyell.

Molar ratio (dyel+dyell ): C20=1:4. Absorption peaks O :v ",
(dyel),O:v*, (dyell ) , fluorescence peaks @:v " (dye I)M:
v (dyell )

em
em
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I AN FOWKE a, (dyel), a (dyell) & | & IE 8 ¢ 58 BE
I ,(dyel ), I ,(dyell)® X & F M % Fig.2-6(A), BIZH x5, X
WMmiceEb R VWHEBRa , OB, a, OBMMBRELNZ, 1 ,1F. X=0
B W T dyel HM LB D I (K 10) %2 & 0 X OMMIZHE-> THEAD L
o XIEmAOTHAIN, XOEME LBLIZAKIZHEML, X=0.2 &
THRR (£ 2000220, Z0Ot% dyell A LB O fE 1,°(K 7)1z @ 2
S>THELY LE,

Fig.2-4 T, BRA JBEAKMN 25D — 27 %7 L. Fig.2-5 T, #®
E— 7 MBIZXEGEE 22 b, Z0RBFOHAAEDLE TIIS
BER T RBEKRKZERLTWE EEZ DN S,

3 20
® 200
= (B)
’é 7 ] ]
@ (A) 2 Iy
0.2 = L—
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g »o | 8107 - 1100
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2041 i § ‘_':.l' |
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@
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Fig. 2-6. Dependences of the absorbance at the J-band (A) and the
normalized resonance fluorescence intensity (B) of the dyel: dye
II assemblies on the fraction X of dyell. Molar ratio (dyel+dye
I):C20=1:4. (A) Absorbance O :a, (dyel ) ,O:a, (dyell) , (B)
Normalized resonance fluorescence intensity; @: I, (dyel ), W

1, (dyell).
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2-3-2 dyell : dyelll LB f&

BRSO (dyell +dyelll):C20=1:4 D% —FEIZHE D . dyell :dyell
DENMEE 1:0~0:1 DFEBEATEX LBEZ/EKR LKL, Fig.2-7T(A),
(B)IZ dyell : dyelll : C20=1:1:8LB EDOWHU, LK AT b L EH
2B, BED®H dyell : C20LB £, dyelll : C20LBE D X Iz § 5 A~ 7
fvzERENQA). BIZRT, BEM LB EIZEWT, dyel BEEE,
dyelEEAHED J N F, E£BEXE — 271, ZRAEI L1 =670 nm
(14930 cm™), A .,,= 675 nm (14820 cm™") B LWL =700 nm (14290
em™)., A.m = 708 nm (14120 em™D)ZH B, —FH. BEE LB ED R
AR F, BEAXRT PLVIFEBICBEVE—-—OE— 7 THEST
b, FNbHixz A= 691nm (14470 cm™?), A = 704 nm (14210 cm™!)
B L., MEOCROY 7 PR RESRVWI ENL, BE ] BEFOD
JARV R, EBEXREE X,
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Fig. 2-7. Absorption (A) and fluorescence (B) spectra of the dye

I assembly, the dyelll assembly and the dyell :dyelll assembly.
A: molar ratio dyell :C20=1:4, B: dyelll :C20=1:4, C: dyell :dye
M:C20=1:1:8.
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WL e — 7 W v ,,. BAEE— T v, D dyell®EFLHFE X=
(dyelll) /{(dyell ) + (dyelll ) } iZ %t T+ B K fFME % Fig.2-8 It 5 %2 %, ¥
NTO X OFMT] AR EBErFHE -0 -2 %2 0L, JA
PRIZELTHEBDE, v, 1T 0<X<0.2 O T dvell 84K D J N
PRDLRREE R T P LE, VYT FEBIZOKX<0.TTREL 2V,
FDHPDHRMNIT dyell KD J /80 K (14250-14350 em D)2 80 L
o v iE v, EIEEEITLTCELT S, 0KX<0.2 IZ28WVWT, v

enm em

O dyell BZEEROELBHEELSLDL 7 MIFRNITERET L2V, 0.2<
X<0.7 OFEMT v , HRESEEHR 7 FL, .IK XM HEEIZ
dyeM KR v, (14050-14200 cm D) IZHEE L 7~

156000
_ o
5 .
S * g
= 145001 O
o ®
o ! g
: 8
o . H :
14000 AR SR TR SR NN N SR SR
0.0 0.5 1.0
X
Fig. 2-8. Variations of the positions of absorption peak (v ,,) and

the fluorescence peak (v ) of the dyell :dyelll assemblies with the
fraction X of dye I . Molar ratio (dye II +dyeIll ):C20 = 1:4,

absorption peak O: v ,,, fluorescence peak @ : v

em*
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JRCFORNEa RELBELAE I O X{KFELZ Fig. 2-9(A),
BIeE x5, a. LIZXOEMIZoONEINEDI L, 0.3<X<0.7 D&
B CEEm R /AME(a 1380 0.05, 113 )% &5, TR IINLIEE
EEgm L., LIZ&EKNIZdyellEEFEDO L (P DITEHDWT,

Fig.2-7 T, BE JBEAEPLE—DEY—27 %R L7 &, Fig.2-8,9
TY—ZME, BHE., £BEXBE. XIZH L TERNICELT D
T, TOBREOHAEGPETCHBAAEBERETER TS EE X
bhbd,

3
0.3 (A) Set (B)
® 2
: 2
20.2_ "2 4'— 4
O ¢ 5 . C d’ °
2 I O O % (1: % ® . H
<01 5 a2 2r ]
¢ : S d
3
0 { I 1 ! | ! 1 11 L. [ ! p 1 i 1 1
0.0 0.5 1.0 0.0 0.5 1.0
X X

Fig. 2-9. Dependences of absorbance at the J-band (A) and the
normalized resonance fluorescence intensity (B) of the dyell :dye
Il assemblies on the fraction X of dyelll. Molar ratio (dyell +dye
M) :¢c20=1:4. (A) Absorbance O: a, (B) Normalized resonance

fluorescence intensity @: 1.
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2-3-3 S9:S11 LBJE

BRBHET ©(S9+S11) : HD=1:1 D% —FIZHEH, S9: S11 O =F
VHZE 1:0~0: 1 O#EBETEX TLBEZIER L=, Fig.2-10(4), (B)
{2 S9:S11:HD=0.8:1.2:2LBfEDORIN, KX AT b L2 E 2 5,
ko 7=, S9: HD=1: 1LB ., S11: HD=1: 1LB DO x s 3 5 2~
gz ENA), BIZFRT, BEMIBEIZBW T, S9BEKRD ]
Ny R, HXBEXITA= 400 nm (25000 cm™'), A, = 405 n m(24690
em DI ET D, TOMIZERFEET/ ~— (1 =# 384 nn (26040 cm™)) .
A4 ~<— (A= 366 nm (27320 cm™)) I b & O BRI OF X E K KA
RO, BEANXNTZ PAMIZHE /) v —FH (A, : 426 nm (23470
em™)), RERMOAHYELL R ONT, SILEBEED J N F, #%
BHEIT A = 452 nm (22120 cm™'), A ,,= 460 nm (21740 cn)IZ &
5, phEEEEN A, = 337 nm (29670 cn™ ) TH B, HILHEEIT
SO BEMKIZE~ABFBV, ZOMIZEFE ./ ~— (1 : £ 430 nm (23260
em™)), A ~w— (2= 410 nm (24390 cn))DHWDOF., £/ v —%
o7 —V 7 (A, = # 480 nm (20830 cm™)) 2 ENBD LN,
BER LBEORINARTZ MAiZ2AD J /N K, 1 =391 nm (25580
cm?). 447 nm(22370 cm™) THEHHEST LN, TR 61T S9 BEME., S11
BEFIZIFER NS, HIERXAXT P AIZBWT, S9 BER D LB # ¥
TRESTERICHEESIN, SI1BEEFEOXBEHEK (L ,,=460 nm (21740
en))BFE L BRo, EBEY T EEFEE/)  ~—DFENX. F#i %
KD DIEIEL2>T WS, ZO X HIZ, S9: SLILB & D F ¢ &t 13
EHRBEHETH D,
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Fig. 2-10. Absorption (A) and fluorescence (B) spectra of the S9
assembly, the S11 assembly and the S9:S11 assembly.

A: molar ratio S9:HD = 1:1, B: SI1:HD = 1:1, C: S9:S11:HD =
0.8:1.2:2.
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Fig.2-11 2 E— 27, EHE—Z7HE v, . v.,? SI1 OFENLZ
K X=(S11)/{(S9)+ I} T HERGFEMEEZRT, SORRERD J
KiZ.0<X<0.6 TEHLA XOEME L bIIEmER 7 MLE(Y,
= 24900-25800 em'), —J, S11 BEHEME D J A Fix, 0.2<X<1
TEREINL, X 2B 1 2B TIDIERmBEKY 7 FPLE (v,
22000-23000 cm '),

T~ 26000} -

)
NN -
CXJLﬂJ

| 6A00B0C0
) 0p000

24000 5

| EDED[:DDD
S 1 ¢
22000 u =m U

Peak position / cm

0.0 0.5 1.0
X

Fig. 2-11. Variations of the positions of the absorption peaks

D

ab?

v *.,) and the fluorescence peaks (v’ v*,.) of the S9:S11

em?

(v
assemblies with the fraction X of SII.

Molar ratio (S9+S11):HD =1:1. Absorption peaks O:+v’, (89) ,
O:wv*, (S11). Fluorescence peaks @:v ", (59) , By d . (B11).

em
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J AN FOWKE a (59),
I1,(S11)® X &7 % Fig. 2-12(A),
24650-24800

¥ (v, =

a , 1T L.

20 F TRA T B,
Fig.2-10(A) T .

a ,;(811) & &

5 1E H7 % M BE 1 ,(S9) .
(B)Iz 5 x A, S9 EEHE A o a4

em D) ITIMED SI1 3 FORETHRBET S,
IRV RFORXE, WMIEXBREEED XKFEEZ. XOEME &L LI

a XM 5, REIZT X1, 3000 628ITIiZ
WAL, £71,13F X=0.2 f1ETEKRKE (K 23000 % & o 7%,

R
1 J=

BES I BEEKN 2 O —2 2R LEI L,

Fig.2-11 T, FO2252DOFF—JMENXIZEEFLTYXZMLEZ E M
H, TOBRFEDOHAGDLE TIHIEAECEERBEMKZIERT D 2 L MR

M=,

O
A
o

Absorbance
o
o
Lo

0.00

(A)

0.5
X

0.0

Fig. 2-12.
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Dependences of the absorbance at the J-band

(A) and

the normalized resonance fluorescence intensity (B) of the S9:S11

assemblies on the fraction X of S9.

Absorbance O :a,

131, (A)
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resonance fluorescence intensity @: I,
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2-3-4 S120 : dyel LB JE&

BT O (S120+dyel ) : C20=1: 4 D% —FIZHE L., S120:dye I
DENELE 1:0~0: 1 OFEEATEZ CLBEZER L, Fig. 2-13(4),
(B)IZ S120 : dyel :C20=1.4:0.6:8LBEDHIUL, HHK A7 b1 %
525, L&D S120:dyel : C20=1 : 4LB &, dyel : C20=1:
UBED RIS T HAXRT b EFNEN(A), B)IZRT, B LB HIZ
BWT. SI20BEE, dyel BEKDO J AR, XBEXIT, Th TR
A= 578 nm (17300 cm™), A .,= 580 nm (17240 cm™'), B LW, 2
= 603 nm (16580 cm™), A, = 608 nm (16450 cm™®) IZfM BT 5,
BAR ILBBEOBRIN AN MLIZIZ2AKD J A KA A =578 nm (17300
cm). 599 nm (16690cm™) ) ICRWE XN, 2AKX0kXBEKIT A,
= 580nm (17240 cm™'). 605 nm (16530 cm )IZR b7,
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Fig. 2-13.

assembly,
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Absorption (A) and fluorescence (B) spectra of the S120

the dyel assembly and the S120:dyel assembly.

A: molar ratio, S120: C20=1:4,
20=1:1:8.

B: dyel:C20=1:4, C: S120:dyel:C
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Fig.2-14 [T E — 7 B v, -7 HK v, Z2EBAEERT
@D dyel @ FE N 43 F X= (dyel)/{(S120) + (dyeD)}iT® L7 m v b LT,
IITye) ZIBEBERTOAKOEALRE TH D, 5120 FEED ] A
Y FIZO<X<0.TOHBTRVWZ &, v°, = 17300-17450 cm ' T X
LEoTREAERL LMo, dye I IR D J 50 i3 0.2< X
<1 TRWEER, X B12bEATBE, vi,= 16550-16700 cm!
Edve l BEKRD J AL FIZREmBEEMIz 7 P L, Rz, LB
WHOE— 7 fLf v ,= 17000-17200cm™* (S120 LK) [T IXFHE 42 X
aEHERD LN T, v, = 16400-16600cm ' X, X2 1 BT
HERBEMZTT ML,

18000 | -
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Fig. 2-14. Variations of the positions of absorption peaks (v ",,,
v *,,) and fluorescence peaks (v ",, v*,) of the S120 : dye I
assemblies with the fraction X of dyel . Molar ratio (S120+dye
[):C20=1:4. Absorption peaks O:+» ", (S120),0:+v*, (dyel).

Fluorescence peaks @:v " (S120)M:v*  (dyel).
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IR RFOEKE a ,(5120), a ,(dyel )& . WIERFEME 1 ,(5120),
[ ,(dyel )® X{&KfFH% Fig.2-15(A0), BT 52 5, XOoBMIZ L bR
WHEZZa , ORD, a, OB R o, 1,13, X=0iZF W\ T dyel
HMIBEOI (M 6)zs, XOMMIZME-THADLE, XiITK#HO
ThHHN, XOoEME L BIZABITHEML, X=0.1 i THRK (£ 40)
2, EO% dvel M LBEOME I,°(F 10)icma > THEA L7,
Fig.2-13(A) T, B JBEERKNL 2 >DE—27 xR LEZ L,
Fig.2-14 T, v*,, v " . BHKXEZEFLTYZPLEN, v, »', X
XIZERMHELTYZ Lol b, ZTOBREOMLEGELE TIZ
TFAIRBERKEZERT I LR RBINTE,

3 10 50
s | (B)
>
= —1,
(A)] a |
8 0.2 3 ®
e g S5l o 125
£ 5 .
) 2 H & —opf © ©
2 0 1_ O 8 r. @ L
e 0 o I m ® =
- LF |7 Sedegn-
o B "8 3 8 g e
0.00— H E‘ 1 .90 O I.I_:j 0 T 1. :—o—oI 0
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Fig.2-15. Dependences of the absorbance at the J-band (A) and the
normalized resonance fluorescence intensity (B) of the S120:dyel
assemblies on the fraction X of dyel. Molar ratio (S120+dyel) :C20
=4, (A) Absorbance O:a, (S120) ,O0:a, (dyel), (B) Normalized
resonance fluorescence intensity @ :1, (S120), B:1, (dyel).
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2—4 ER
2-4-1 dyel : dyelllBJRIZBITAMEC R L X — B

ABOIE, TEREY dyel BREER L dyelI BBEEKEZ SRS LB &
DEXFHEICETOIMAEEIT > TV 5(2-8,9), Z20OHNPT dyel £
b dyel BEEFE~OBHE T XL F —BE N Perrin B E s Cb
TEDLZELERRELTERE, 22T, 4EBLNE Fig.2-6 DER %
ALBZIZLESVWTHITLTALS, ZES—AKREOELY FIE % Bk
ERECBLOIEORBREIZ—HIC1 IV /IS, f£-T. LBEH
DERDOEEECEEINDIETLLNE N LEBEBERTOABEBRE L
ROZFALZEX LF—FHLARV, FIHRICEINIE, dyel : dyell o (2
X2D)LBEDBRT 2AKD J N FOREX a,. a,T5 &, D(dyel
BEK), Aldye I BREFR) OB S FRE Y2 O&E % E (D], [AJE/om? X
rXTHE LR,

[D]szaD\[Ajz m,a, (1)
€ > T, ,
szmAaA/<mAaA+mDag) (2)

2T, my=2.66f/nm*, m,=2.86f0/nm*Th % (2-9), TE&xr DREE
LORBRBEE»O LBBEXERL.Z0 ] N FOBRKELS X% & H
L.oX & L7 (Fig.2-16), FPHREY . ER X =X b2 T hi
MPZ b, ay, a, 2 X CBEL ey hLELELZ S, 1ZIFL
Wil BR TS N (Fig.2-17T(A), WE . BEEBEK O HE K »
(dyeI+dyell) : C20=1: 4 ZEELTCWVWA7~® . LB fEeg o C20 43 Fd
EHEEEZ 0.2m’ LEETNIE, BREN I O L &, fn([dyel] +
[dyeD DX XTI X 6T —F (1.25/mm®) I 2 213 TH 5 . FIDEIE.
REWZIEMN04E/ mm? L RBB, XTIZLBAE/IEZHEY BN 7o
o 2O &6, BWMEIIN%., LBEFOBERLS FHEIZ X IZ L
b —ETHDHEEZLN, Fig. 2-1TMOEBHEIX DL > hERE%
KB4 2 E&EBZO0ND, 28, Fig.2-16 D BA. EE X=X 124 L
X<O0.5 TR THMA~ X>0.5 THEM~TIhEZDIZ, —FORYSDREE
BtameEETOoRSOEREREFTE2LEVIEEmEEL T
PEIIITRERZXD, LAL, #FMIZOWTHASROBRINBECH 5,
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Fig. 2-16.
dyel:dyell

Relation between the fraction X of dye Il in the
assemblies as estimated by Eg. (2) and the fraction X

of dyell in the spreading solutions.
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_C‘1OI“—" & -4 100 ="

Fluorescence intensity / a.u.

0 4”: U R (| (R |
0.0 0.5

Fig, 2-17. Dependences of the abggrbance at the J-band (A) and

0

the normalized resonance fluorescence intensity (B) of the dyel:

dye I assemblies on the fraction X and X, respectively. (A)
Observed absorbance in Fig. 2-6(A) is plotted versus X . O ta, (dye
I ) , O :a,(dye T ); (B) Normalized resonance fluorescence

intensities as estimated by Eqs. (5) : (—) and (6) : (—) areplotted
versus X. Observed normalized resonance fluorescence intensity

in Fig.2-6(B). @:1, (dyel ), M:1, (dyell).
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Perrin BIEERICINIE, REHEXLBRE T ,. 1,3 X O0F%#%L LT
rOXHSIcEEEIND (2-9),

1,= I ,%exp(-2 [A])
=1 ,%exp{-Z(m,a ,+mya,) X7} (3)
1,=1,°+1,n7 (a,/a,) {exp(Z[A])-1}

=1,"+1,9 (m,/m,) { (1—X7) / X"} X
[1 —exp{—2X(m,a,+mya )X }] (4)

T, R@QQERWDS L.
I, =1, exp(—Zm,m,) ' (5)
I1,=1,°+1,n (ay/a,) X{l-exp(-Zm,a,)} (6)

BB (2-9)XY n=2.22, =70 m® THY, TEAFETHVT
Ay E T, I1,°=10.0, 1,'=6.6 THD, £Z T, THbHbD
EEXZ2ZHAWVWEE BEOBRIAX bAb 1, I, B5dETELZ
izl b, BexOBEL X OBRBEBKR? O LBIEZFEKL. a,. a,®
ERE»S 1,. 1,2k, Fig.2-17TB)Z XIZHLTTr vy b LE,
Fig.2-6B) ¢ kk#+ 5L, KGO I, FEAMBELEBHEIS —ELT
W3, I,icBELTiER,. REOOHEERZEAFEIIRRL IS 22T
W3, L»L, REELEOEUE2E 2D L, R(6)IXTT, 0 X KFMHE
P ELLRBLTWVWREARBIENTES, TNODOHRMNDL, dyel
cdyeNI LB EDORE = XN X —B &) Perrin BEERICIEVL, T DR
AIBEENSBIZGBINSAZLZHTRL TV D,
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2-4-2 RBEIJBEFROHEE

KELIZ, TNETLA4BIVDOVT=VvEEOHRLZAEDLYE dyel
dyell . dyell : dyelll, S9: S11, S120:dyel {Z >\ TEA LB & o 1E
e RN - BBEEETRFLTCEREZ, LiL, BEDLZARE T i
EhOBE, EFRBCBI2HBREE+S TRV, 22T, 2/ E¥E
DEFN HABBEGEERTIEHFICOVTEERMERLZRALE, /I
BF - BREIVEF.ZIEFTHERINDI 2TBROA Y FEEPED
WIZHFZE L T A—%— 0, ,=A,/T ZEALLR2-11),2 =T,
A, =1 e,—e, | FEFY, ZOBpRBIIALF—%, TIEIMER Y. Z
DETRNLF—NUFiE(YRER.IERTR—LT5)TH B, 6,,7 0.5
LED & HPHRBR., 005U TFTOLEHARBRIZAZD ETFRENE,
COHMWEREZ 2HEAIVELRIZEBATDHIZLEZHBIZILTEY ., B
I AN FETHAEBEICRSIVWEZIRAT - A, BERLEN,
BEMBREZELRTVWEVIEKZES, WE, DBREKR. A BEK
DI RFOZRXINANF—E%R A, tBE FEFNFNRO]AFOM
WrODY T FED2M{/ET,, T, ZRINARZ ML -F—F 256 MT
5(2-17,18), T,. T, HZ—RIZELLLRZVOT, TOBREKEHT,, *
E&L =,

A= ¢ ¢} (7)

T,= 2 (eDM—fpj)
T,=2 (&, ¢, (8)

Ty= (T,+T,) /2 ' (9)

2. ey e ERDGFOITANAUERE MRV ROBBT XL X —
ey eI ASTORIGTHIETHD, _o0BEREETRS JE
EEDOHERERLE AT, HAEBERIERENZED0E&MEL L
T.DBF ARFORPBU TS GIEMEHE)E T TR, T, N XK
LA BFBNENZ L (BFHEB)NERENSE, 22T, 2 h
bt O, B/hIWNnEWnSE&MHEIZE LD,

-
—

— [

GDAZADA/TDA (10)

BBE. STHREOBELMERBRT H-0ICIE, S FOHERTEME. %

-34 -




B %mt@ CEREIZOVWTHEMERFNZ T RETHLEIR, =
ITCIREMILOED I N0 EREEBIZANE N -,

Table 2-1. ¢, (¢,’) and T, (T,) for each dye and A, for the

combination of cyanine dyes.?

Donor Acceptor D-Aggregate A-Aggregate D-Aggregate:A—Aggregate

dye dye £% To € Ta Apa Toa 0 os
eV eV eV eV eV eV

dye I dyel 2.06 0.32 1.85 0.66 0.21 0.49 043

dye II dye I 1.85 0.66 1.78 0.52 0.07 0.59 0.12

sS9 St 3.09 0.27 2.72 0.32 0.37 0.30 1.24

S120 dye 1 2.15 0.44 2.06 0.32 0.09 0.38 0.24

*It was assumed that ¢ 7 and T, of S120 are the same as those of
dyvelV. ¢ 7 and ¢,” are taken from Ref. 17-18, as well as Ref. 6-9.

Ber o 7 =2vaEORAEDLBIICSDVWTO, xRHESL D, Table
WZE LD, 0, I TRDIEFTEMT 3 dyell : dyelll <S120 : dye
[ <dyelI :dyell <S9:811, K& 0,0 THEEOHENL., dyel

cdyell LB R Ti3 HA REBEEERIHER IV, B, Fig.2-5 IZ/R L
EESIZ2ADRPEY—2, EXE—Z X XDEVHEBET—ETHH .,
dyel 3 F. dyell 3 FIXIMHAEIZRIVADLT S BHBEEKEZTERT 5 &
SN b, Fig.2-8 26O RIBY . dyell & dyell D A A b ¥
THmMEBZIEREHBETEASL, BE—D J AU F, £B#EXE2TFT,
IOBE. NER O, EOFREEOEUMENLS, HA MBEEKINFERKR S
ndEtBbhsd, S9LSIIOEEIBDOD TUIL-TEY, KELD
DRI DO B (2-16) 025, SIL 3 FIX SO BERPIZEZICL TR & &
Abinsd, LnL, ZTOMAEDLETIEO,, PPEHIZKE <, HA BE
EERIEREIALZNEEZEZOND, Fig.2-11 ® 24K D J N2 F(S9 %
B, SILBEER) T, TZhEFNRXDO0LLOEM, 7213100608
PIZE > THZFICHELZMIZ /7bbt°_nawﬁ%m639mu3
BRIz WT, SO F, SI1L D FIIBEALHPRBEKRLZER T 2 &
ENnNd,

S120 : dyel OFHHEIZiX S120 DR P Y 2 1,1’ -diethiyl-2,2" -
cyanine chlolide(dyelV, Fig.2-2)Z W7, 0,3 ErI RS, £
o, dye l BEGD AV FOBEH Y7 MZEET B L, S120 D J
%wk\Mw%%mMﬂﬁ%ihé?gﬁAtﬁﬁﬁk@Mmﬁﬁw
R T AFEERDL B,
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AWFIRICEBVWT, BAFBRPART bV, AT Frizy &3
WTIRA JREROBEELEELE, TOMRE, Fig.2-1 TFHLEE
TNHD S5 B SH (dye I :dyell ), HA B (dye Dl : dyelll) , HP & (S9:S11).
MB(S120: dyel )ZEBT AN TERL, £/, A CTIX, HE
DIeDY A X, BEORRLIZBORBEROEE, FEET /) ~—0DH%
F. RiaRR2ElnEB%EZEB Lo/, SB  MAE  HP B HA B
PHEEZIAERBEFOMBEB N ZIILRELREBL2REIT LELIN
2, BE ] BEFOXBREOBHFMUEL LIS B OEK D B H
RREBETH D,

2—5 @

UEDERZELDDE, RDOL DT3B,
L2BEOVT=VEBREIPLRIBRA IBEROEBEEETT L E LT,
THER(SE) EFA/BMA), B EFERHPA), B4R (HAB)
FPRRELE, TNOLOBEFRIZTARETNBHEA2WIN, EXEHEE
T ZERBFEEIRD,

2)dyel : dyelILB OB A7 b, EX2X7 M AZiE, dyvel 5
., dyeT RO J SY K, EBRERIZHISET L 2A0E — 7 B8R
W a7, dyel MEFROKXBELDOE N, dvell BEE D LB ¥
KDL Perrin WEEHR TR EN L, R b0BREIISHES
JBEEEERT .

3)dyeIl : dyellLB BEDWRKUL Z 227 L, HH*E AT bz id, BH—
DI N EXBHEEBAWEEN, TALOE— 7 (LEIZ dyell
DEIIGENONPLEMT DI > T dyel BFER, dyell g £ K D
IS AE—JE~ERMWIZY 7 F Lz, dyell . dyell 1348 E 2R
EVRILK MBI RBEKERR T D EHEEENS,

4) S9:SIILBED BRI A7 bz ix,S9 BE K., S11 BEEIZH G
TDH2AD]AVEBRRWEEINT, S9 BEERD LB E K IT., S
BhodPCERTDEHEINLE, JAVYEFDOT V=T b, H5F
BEDODEUMELPL . ZOREG JRERITIHPE JBEREZFEEKT 5 &
Zz bbb, A

5) S120 : dyel LB EO I AT b, XXX P LIZiE. S120
BEMXR,dvel BEKDO J ANV R EBHRLIZHIET I 2ADE — 2
MEWEINLE, XIZH LT, SI200 JEBEEXRD J N FIBNRE
fbL7Zz2nwWZ &l dyel BEEFED ] A FR, XB1Lb/NhEL B
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COoONTEHEEHRMIZY 7 P LEZ b, S120 @ J BEAEE ., S120
ST, dvyel R FRHIBRERG-REGRLEOMBBEERELTTRT S
FRetE M S N,

6) NS A—F——0,=0,/ TL,ZzBAL, 2BEOY T =2%
PHARGEKRKZER T 254 (EFHOEMHE) Z2HFELEZ, 0, &
dyve I : dyel]1<8120 cdyel <dyel : dyell <S9:S11 DERF THM
L, HFHEEOEPE GIKNEF) 2bbEEZDE. ZONRT
A— & — i dyell : dyeMLBBEIZB VT HARBEELNEREND Z
tEZIELLSTHELTWS,
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BE3E 22BBEOVIT=UVABERA)IBEEROSREHEE O H#E

3—1 HE
VT =UBEERO JBEKJNVRIAELSFROBVHE FEEEMIC

HET DNV AN REEXBEXTHBESITONS (3-1,2) , KES T,

BEZ ZAFZ— BEBOETFTALEVSIB AL, Langmuir-Blodgett

EABEICL-TIER LE2EED Y T = BE(FF—D 7277

FmAIDPLRIBE JREGCOSHFNMEBEICRAEKZE > TWVD, =

IT2EHOYT=VAERDIL, JAVINRERERE (B b

52D EFTF—, RER (BEXK) M2 b0%T7 77 % — L4

5B, BE I BREKREIBEICL > CABBEILNET A LR T 5

(3-3). B GC B)RER, TV 7BMB)BEKRTIEIDSF. A
FFIFXENENHADI T2 —(DEER, ABEEK)ZFR L. *
NOBHAECHIBEBEATGESHE) SVt honahLi-esF 10
BEL LTWME)FEEST S, 2OLEBPART ML, #HER2T A
CIXDBREFE ABEEIIHEADO IV FEEBER Y- BN ZEFn 2N
2HFBEEND, —FH, BREILNEZ2LOW—RBE ] BEKIT, B1
MEBIZ XS TEER HAR)BER,. BCEEM HP B)BEKIZHE &
nd, ZTHWOoDBREEDODRINART b, KA MLITEFHE
HZIS L TE—DOBALENYFE2 5220 HAR), 2AKD Y K%
<3 (HP &),

B id SHEEK, HBEBEKRKEZER T LA bNEMBEE» D
T2 BEOBRLIELEEFRVELTERE(3-3,4,5), "NETIZAEDL
NEFEREENT D ERDE >I2R B,

OEDOHEB L2 A Y LEH Thiacarbocyanine & % (Th) [l & .
Naphthothiacarbocyanine 3% (Nap) A+ iZ  HA BB E K 2 B L2
T, ThiNap D AADPETEL HAHBEKRBBER I NS,

@ Quinocyanine BRDOMAADLEIFI ML HA B O A Y F U » = E 4
e 2 RT (3-6),

@ Quinocyanine AR & Th, Nap DA AL IX SHBEENLR L £ Lo
A

@ Oxacyanine 53 (S9) & Thiacynine 2% (S11) D 42 b ¥ TI1F HP
BIBEEEEDERT 2 AIEIEN H B (3-4),

IN L ORFREEMENICEM T 357D T 58 & # (Steric
requirement) & B FH5 {F (Electronic requirement) M A L7 . £
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EoFOHEENHEAEL D Quinoyanine B E +Th . Nap D A S b EIZE
WT., M EHOBRND S BRBERODARNFTHINLE, 5 FiE
EDFALL L Thi@E, NapE L, Th+Nap DA B L E TIZ. EFWHL
OB R0 HABEBEERDOARBHER S NT-, KPR, HA B E K,
HP BB E AP ELSI2E&BFIZo0nTakt—L Uy b EF Ly v L3RR
(CPA) (3-7,8)DIAFE L DL B L., TNHDERE JEREMEKREE
P— (LB DBRBAELIIN TEIRGHELZHO,MIZT A 2B
LTEBRE2ITo -,

3—2 ZEEE

Fig. 3-1 VT =V REOHERXETT. INORE#HTLFALE
bWy 7T = B% ;5,5 -dichloro-3, 3’ -diethyl-9-phenyl-
thiacarbocyanine chloride (dyell) . 3,3  -dimethyl-9-phenyl-
4,5,4,5  —-naphthothiacarbocyanine chloride (dyelll) . 3,3 ,9-
triethyl-4,5,4",5 -naphthothiacarbocyanine chloride (dyeV) .
5,6,5" , 6-dibenzo-1, 1" ~diethyl-2,2  -cyanine chloride (dyel ).
SO, RHEATAVFALEEZ L DY T = & F N N -dioctadecyl-
oxacyanine perchlorate (S9) . N.N' - dioctadecylthiacyanine
perchlorate (S11) . l-methyl-1"-ocatadecyi~2, 2’ —cyanine
perchlorate (S120) TH %, ¥ 7 = BAFITHAKRERLEEZHF T ()
RTHD, 77F V08200, ~FHFFH L (HD)., 7 1 a kL h
(CHC1,) v A # 7 — )V (CH,OH) iX $ H b2 (BE) 2> b BEA L 7=,
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N N+
i I

S Csz S
X/M dyeV
dye I ; "
CaHs CoHy
Cr
CHg C,H; Cr

o] GHy CHy,,

C H, cr
2 2Hs 60,

COH5
: : Do = 59
dyell N "
N Nt
| | quI C H:n C|0
CH, CH3
Ck

AOLD o TP o

c oHyy CIO
OMs o

Fig. 3-1. Structure formulas of cyanine dyes.

B3R LB EOER L AIHER (A0X10X1nn®) ~DEIMIZBTH & FLE I
Tole, REBKRKDODHER, T7ABBEOKE. FEEKROROLRE II®EE
DHBEIZPE> T 57 (3-9,10), FEEBEHBOBHAILDOE DT T % U o
ORI VLIESTHAMEICRE L, AR 1EES S L8 LB &
dye:C20 (dyell | dyelll, dyeV ., S120, dyel )IZ®BE LTS BO
CHCl,-CH,OH R BRBRICA VR L, 2HEOAE S EL LB
L D:A:C20 DIEBMIZIET 79XV U BE2BEOABE(FF—D, 72+
T =ML CERBBREHA VL, C20 L BEDOT AT 2:1 XIiT 4 -
I TH D, 5951125 L IBERARLE~FHTH L0 CHCL AW & B
BRI IZ L CTYF8 L7, S9:HD LB f, S11:HD LB M&. S9:S11:HD LB &z
BITDHD EBREDOEALLITLI:1E LT, EE(;JE&HCZO'? FU oy s R)
ELEARKFERBFEM v~ ) v 7 2)FAVERE—KREBOESL T IE %
EWRIZERL~E, LB 5%43077?7”5’—0):&/1/5:}$X=[AJ/([D]+
MWDIXEREOCBRE» AL~ (X=0-1), EEETO~F Y v 2
A4y DPREIL(3-6) X10mol-dm> TH 5,

BR LBEOBRWRA LY b, HEAX7 VL 2R, 280 CHlE
Lz, BRLBIEIZIE UV260 B AN NLE (BESEEFR) 2 A VWi, %
HBAENZ X PMA-10 Y 27 A (JRFAA =2 R), XX B 5T 850 B 4 )%
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HEFZH WL, RAEBHBEBREOEEBERBEINAL TV S, %%
AXZ PAORHEERIZ A ,,=365 nm (27400 cm™!) (dyell . dyell.
dyeV [ 8120, dyel )X % 337nm (29670 cm™®) (S9, S11)Tah %,

3—3 #EHE

BBRAIANEZLSD _TBRBOBFHEEICE T It —L Y FHEF L
VNP EINE, X ALVF—E0EHKL L TOHED T R X —
TE)FROEDEEFEXLORD NS, (3-7,8)

{((1 —x) (e y,— %)} / {1—-(e,—2) £ (E—ZX) }
+x(e ,—2)/{1—(e,—2%) F(E—X)}=0 (1)

CPAIEIZIRE .. THAEGE., THYLEER L COBIHEDHEICE
BIZAVONTERE, BARDIDNF . ADTFRBRIEBERL TCH—ELL
EHABIGREE Gk HP B ERICH LTOL 2O FENEHTE 3 L IRES
Do THDLERXRMDREBFIBKRDOERE LD, BT RZAXE— ¢, ¢,
DFF ARTFDE)~—BRBIXIAVLX—, x ADFOEALLNSE, &
BB f (DR MMED JRECOREEERE o (E) LhROBEIEIC
bbb, zIXBEREHTH B,

£(2)= 1§ p (E) /(z—E)dE (2)

BE J BEFEOREBEEBEED (E)Ix f (E-X) OBKE (In) b
KRXTEHEZzZLNB,

D(E) =1Inf (E—X%) /= (3)

WL A ~27 b VBT (E)IX 2 (B)DEHE (Re) . 1 (E) EHE v (B)
rHWWTERDLDEINS,

u (E) = ReZX (E) (4)
v(E) = ImX (E) (5)

IE) =17+ vE JI{E+T/2—u((E)? +vE)2} ] (6)

T2, TRRMEFOANCFEZEDLDL, TR (14). (1512 k -
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TEEBEZIND, #HHEDOEREL, UBEBZXALFXF—2To 1/2 2B
LTHID Z LT 5, 22T, BRERRTLTEEDW,. V. C»
EAT 2L, FEAMVBRRXRU)D L IcExHEIN S,

W=-(e,—Z) (¢,—Z2) (7)
V=C— X (8)
C=(1 —x) ¢, +x¢, (9)
W- £ (E—X)+V=0 (10)

MBI % r(2)iX o EDOBEEBEHICIELTRERA- R TEDLENS, B
EBEEBEHPEEOR OB L. ’

p(E) = (2/7) 4y (1—E? | E | <1
p(E) = O TSN DHE (11)
flz) = 2 (z—4 (z22—1) (12)

TDLE, BEZRXALXF —DREFBRABKROREFERICKEET
50

4WYV (E—-2X) +4W*+V?i=0 (1 3)

HEDEIZHGLTRODEZIBEOR S=Z(E)D>b, BEBROEK
WM., BEES L (E), v )ICHY T3, EVHEBEOT XL ¥ —E 2%
Lu(E). vEYERD, TR bEOBBKELLTDE. I (E) %
EDDZLBTEDL, AVFBTIEDBREGORHEF N> FOET,. A
BEGEOHETF N FOBRBT, OBEMEHTEB LA, Tyo T, ¢,
e, & DBEEK, ABREED J FROBBZALX—v . v, b A
b o7,

T, =2 (e,—v,) | (14)
T, =2 (&,—v,) (15)
T =(T,+T, /2 (16)

REMOBZIT=VAEED+AOHIAEDEL LT, dyell +dyelll.
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S9+S11. dyeV +dyelll, S120+dyel ZBA7Z, BRORPAT L
DE =N R ] AN RIZESHT 40 e40 vio vy Ty T,
FHEELE, b bt TODE% Table3-1 12X & ® 5,

Table 3-1. Parameters used for CPA calculation.
donor acceptor donor/eV acceptor/eV donor+acceptor/eV
dye dye €p Vp To €A Va Ta T
dye I dye Il 2.15 1.85 0.60 204 1.755 057 0.59
S9 S11 3.23 3.095 0.27 2.88 2.72 0.32 0.295
dye V dye I 2.06 1.875 0.37 2.04 1.755 0.57 047
S120 dve I 2.37 2.15 0.44 2.22 2.06 0.32 0.38
3—4 mE

3-4-1 dyell :dyell L B &

Fig.3-2 (= dyell :C20 = 1:1:4LB f& . dyell:C20 = 1:4LB J& .
dyell :dyell :C20=1:1:8LB EDHI A X P %2R T, BHBOBERZ
i LB ECIHAEREERD J N KB, 1 =670 nm (14930 cm™')

(dyell ). A =700 nm (14290 cm™!) (dyell)iIZR W7 a7, 2BED
FFTHNLARY T = 2ELIBETCHEBLVE—OEY—2 (1 = 691 nm
(14470 cm™ V) )BNEN -,
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Wavenumber / cm-'

20000 18000 16000 14000
| 1
0.15 :
A\\ /B
C\ /! ﬁ
o D104 :351
Q 1N ! J
= - T
- NG 4
L2 ‘. :
[ [ i) 3 '
o . i i
<0.05 b :
0.00 f== T ' paass
500 600 700
Wavelength / nm
Fig. 3-2.

Absorption spectra of the dyell

assembly, the dyell
assembly and the dyell :dyelll assembly. A: molar ratio dyell :C20
=134, B! dyell :C20=1:4, C: dyell :dyelll :C20=1:1:8.

Hx ODBAKDT 77— %G LRALBRIZBEWVWTH —-—ORITE —

IFRRBWEF SR E— 7 BiIxx0MeE bz dveDEEEED J AT
K2s 6 dyell g Rk J A F~EFEHOIZEE L.

z TN DOEE XY,
dyell +dyeMl DM AR DLHE TIHHAMBEERSERT L2 LB TR IR
5.

Fig.3-3 {2 x=0.5 OPADOD (E) . I(E)OHE®RZLF XD,
DERBEV—AKDOLIZARY, I(E)IFHE—0ORIXE—27 (v =14500

em™) OHFEEER®WLE, 20O — 27 (LEIX Fig.3-2 O ERME (v =

14470 em™ D) L 12T — T+ 5. Fig. 34t 2o xicx 351 (E)&xr7d,
iz, T/2 CHEB{LLE, xBW#EMT B> THRIRE— 7 FK
WEMIZS 7 P L7, dyell :dyelll :C20LBEDRIL A X7 b A IZEBIT D

E— @ v, OERNME Fig.3-5 ® A2, #FHEME%Z Fig.3-6 ® Al
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AL, MR L, AMMEGREIENO xEKEMZHEBE L., - oM
HEDLREIZBITD HABBEKRO AR XHEL T3S

Wavenumber / cm-! Wavenumber /cm-!
20000 15000 20000 15000
T T 10 T
1 — N -
@ _t
a w
0 ' | 0 -
2.5 2.0 25 20
E/eV E/eV

Fig. 3-3. Density of states D(E) and optical absorption spectrum
1(E) for the dyell +dyelll combination with x=10.5. Vertical scales

are arbitrary.
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1 1 I 1 1 1 I ]
_ (d) | _ () |
m| | © '
= I ] = -
A T I
6 7~ 8 6 7~ 8
1 |} El I 1 [} El |}
i (b) | (a) _

Fig. 3-4. Optical absorption spectrum I(E) for the dyel +dyell
combination with x=0.2(a), 0.4(b), 0.6(c),0.8(d).

Vertical scale is arbitrary. Energv E is in units of T/2 =0.295
eV.
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Fig. 3-5.

peaks (v ,,) with x. A:

assembly ,

assembly.

V ab/eV

2.0F

= O O =O O O Or

sauls HuloBN
A(dye I —dyeIll)

B(S9—S11)

D(S120—dye I)
SO0 O O 0 =0 muOe(]

/OO ey

C(d)'/eV—dye]I[)

0.0

0.5 1.0
X

25000

20000

- 15000
oy

1-WO [ JoqUINUSABAN

Variations of the positions of observed absorption

dye Il :dyelll :C20 assembly,

B:

S9:S11:HD

C: dye V :dye Il :C20 assembly, D: S120:dye I :C20
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Fig.

3-6.

3.5 u

sof "7\
ﬁ_ﬂ_é_&

V ab/leV

2.5F
D(S120—dye I )

2.0F

A(dye Il —dyeIll)

B(S9—S811)

‘A——Z

C(d);eV —dyelIll)

0.0 0.5
X

1

.0

25000
5
<

P (1°]
=
o
3

20000 &
i
(1]
3

Variations of the positions of absorption peaks (v ob)

evaluated vby the CPA calculation

with

X.

A:

dve 1I

+dye I

combination, B: S9+S11 combination, C: dyeV +dyelll combination,

D: S120+dyel combination.
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3-4-2 S9:S11LB &

Fig.3-7 |Z S9:HD=1:1LB €, S11:HD=1:1LB &, S9:S11:HD=1:1:2LB
OB AT v ERT, BloARESD IBIRCIHEAERERD
J/8%2 KA 2 =400 nm (25000 em ') (S9) . A =452 nm (22120 cm ')
(S11) IZhwiianrmz, BE LB EOWRIIRA~Y FiE., A =391 nm
(25580 cm '), A =447 nm (22370 cm YD 2 KD J ALY FTHMSIT 5
nNle, BxORAEOT 77 —2ELRALBRIZBEWVWT, EWE
AHOHBETZ2AD TNV FRBEINRE, xBD O NT 5 LEHE
BEMO S FIZ@EZEMIZ 7 bL, 2 xP 1 2oL T I EE
KEMOANY FEEERMIZ 7 L, 2 bOBENH ., S9+S11
DMAGOETIIHP RBEERPER I NS TREEDS &V,

Wavenumber / cm-1

30000 25000 20000
| L |

A

0.10

Absorbance

Wavelength / nm

Fig. 3-7. Absorption spectra of the S9 assembly, the S11 assembly
and the S9:S11 assembly. A: molar ratio S9:HD=1:1, B: S11:HD=
121 € $928511:HD=0. 8:1,2:2,
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Fig.3-8IZx=0.5D0F4GDDE). I E)0HERKELE5 2%, D(F)
HEBRBEORV 2EAD IS, 1)LV 2AKDBILE — 2 (o
=25240 cm’', 22490 cm VDD HFEERFRENE, BEKEIIZ LT, 2
ADOE — 7 (BT Fig.3-7T D EBE (v =25580 cm™' . 5 X T8 22370 cn™))
EXRIE L TWS, Fig.3-9 B2 D x 2321 (E)27R3. Kdlhi.
T/ 2 THELE, xO#EMEEHIZT (E) DY — 7 (& L 3BT
RFIZ AL LTz, Fig.3-5 ® B, Fig.3-6 & BIZ S9:S11:HDLB & 0 0 Iy
E— I NBOXABLAEEL2RT, MEO R LBWNBETFTH 5,
IND DORERITZ.SISILDMEAEDLHEICE VT HP BBEERERT 5
ZEEIRBEBLTWVWS,

Wavenumber / cm-1 Wavenumber / cm-1

1 27500 25000 22500 1 27500 25000 22500
T L T J I T
my| my|
=3 = |
i 1 I |
O i O ‘-A A j
3.5 3.0 3.5 3.0
E/eV E/eV

Fig. 3-8. Density of states D(E) and optical absorption spectrum
I(E) for the S9+S11 combination with x=0.5, Vertical scales are

arbitrary.
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1 T T 1 T T
X d) . A (c)
g | @
0 1 Oomd | 0 ] S|
18 20 22 18 20 22
1 = . 1 £ :
i (b) (a)
a | @

18 20 22 18 20 22
E” E”
Fig. 3-9. Optical absorption spectrum I(E) for the S9+Si1

combination with x=0.2 (a) , 0.4(b) , 0.6 (c) , 0.8(d). Vertical
scale is arbitrary. Energy E is in units of T/2=0.148 eV.
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3-4-3 dyeV :dyelll LB i

Fig.3-10 |2 dyeV :C20 = 1:2LB f& ., dyell:C20 = 1:2LB J& |
dyeV :dyell :C20=1:1:4LB OB A X7 b Zr-T, BHBMOBARE
S B TIIAEREARD J ALY KR, 2= 662 nm (15110 cm ' )
(dyeV)., A =700 nm (14290 cm ) (dyell)iZRWHH Eh7, 28&H
DF 7 NFTHINRYT =280 LB RTEBEVWE—-—DOE—7 (2
=688 nm (14540 cm ' ) ) BN, Mx ORAKOT 7 7¥ —% &
DEAIBEOBINAXRYZ FPLIZEBWTH-ORBRRE—7PEE SN,
FRbiEx0oMME L bITdveVEBERD J AL P D dyell BEE O
TRy FA~EHEEHIZELE, 2NLORRNLL, dyeV +dyell O
HBEPEIZEWTH HARIBEKRI AR T LI EEZOND,

Wavenumber / cm-!
16000 14000
1

0.4

Absorbance

Wavelength / nm

Fig. 3-10. Absorption spectra of the dyeV assembly, the dyell
assembly and the dyeV :dyelll assembly. A: molar ratio dyell :C20
=1:2, B: dyelll :C20=1:2, C: dyeV :dyelll :C20=1:1:4.
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Fig.3-11 i x=0.5 DHEAEDOD (E). I E)DHEKRE® 5253, D
B)IXMEEV—ADO L ERY . I E)HE—DRILE —2 (v = 14600
em ) DFEETRYT, E— 7 LBIX Fig.3-10 O ZHJE (v = 14540 cm))
EEL —HLAE, B2Ox M LI BE)EHEL, BILX<7 FLppr
— 27 iL#& % Fig.3-5 M C, Fig.3-6 ® CIZ &5 % 7=, HEZTO ETHEA
LEZLSOELRZEET 2L, MEO—KIIEL Z2VWEEZLN 3,
UEDRERRIFT I I FTAILERL T = v A+0OBBEDEIZB LT HA
Mg EERIERTI I L2XBFELTWV S,

Wavenumber / cm-1 Wavenufnber / cm-1
17500 15000 1 17500 15000
T I | |

1F - i

w | i

0 —gd
0 1 _ 0 i J
2.4 2.0 2.4 2.0

EIeV E/eV'

Fig. 3-11. Density of states D(E) and optical absorption spectrum
I(E) for the dyeV +dyelll combination with x=0. 5. Vertical scales

are arbitrary.
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3-4-4 S120:dye I LB &

Fig.3-12 2 S120:C20 = 1:4LB F& ., dyel :C20 = 1:4LB J& |
S$120:dye I :C20=1:1:8LBR OB A XY L2 RT BEHOBAELE
DIBETIIEFEREAERD J N KA 2 =578 nm (17300 cm ') (S120) .
A =603 nm (16580 cm ') (dyel)IZCRWVWHINE, 2HEOX /) 7T
=V RBAREFELIBETIHE2AD JAAN F(A =578 nm (17300 cm ')
A =599nm (16690 cm ') )MNED LI,

Wavenumber / cm-1
20000 18000 16000
1 1 1

0.3

Absorbance

0.0 1 T T - 1 ~
500 600 700
Wavelength / nm

Fig. 3-12, Absorption spectra of the S120 assembly, the dyel
assembly and the S120:dyel assembly. A: molar ratio, S120:C20=
1:4, B: dvel:C20=1:4, C: 8S120:dvel:C20=1:1.8.

BxDORBHOT 7277 —%2EFDRAEIBEORINAXRZ P LIZE
WTHL2AKD JARACVERRLGATE, TOH>H, RER (BE%) Mo
N FExPB 1 2o T2LEEEMZC7 V32308, R (&
BE) Moy FABRxOEIZLLTIEEALEEL LR, =
NoDOFER%E Fig.3-5 D DIZART,Fig.3-1312x =0.5 DHE 45 D D(E),
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L (E)OER#EREZEZ D, DE)IZAKLE2ADILLERY . 1 (B)
S WVWIRILE — 27 (v =16610 cm ') EFHFEHIZFTHVRILE — 27 (v =
18550 cm ') DAFEN PR ENT. D(E)DFKIT, S120+dye | @ H &
BN HP BEER S HA BB EEO T EH AT 6o 2 L &k
LTWd, EEHMOBILE — 2713 Fig.3-12 O EHIHE (v = 16690
em ) EELSHIET A, ~H, AREEMOY — 7 M EITEMME (v =
17300 cm ') & A b,

Wavenumber / cm-! Wavenumber /cm-’
1 20000 17500 20000 17500
| I | |

—

D(E)
I(E)

o
o

: 2.0
E/eV E/eV

Fig.3-13. Density of states D(E) and optical absorption spectrum
1(E) for the S120+dye 1 combination with x=0.5. Vertical scales

are arbitrary.

ereOxlZ/+2 IE)EZHHE L, BRILRAXZ b OV — 7 (&% HE
L7Z(Fig.3-6 ® D), RFEEMOE — 7 T EBME & LI HIET 3
Ny xOWMEEBLIZT A= 7 T H58BEEMOBVE — 7 135 H
ENTWVWARW . Fig.3-12DEALBIEOWBILE — 7 88N 722 D /X0
TEEEXAGDLEDLE, 2O L) REFEBIT SI120:dye I (C20LB BN —
IRBEEAR T <L S120 B o> JREEMR L S120:dye | IBRE T BEEK O
TeaghlZxF A4 7 EgEREERT DS L2 HHELTHS (3-11),
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3— 5 52

1IBYDOYT =2V BEROMEEDE  dyell +dyelll. S9+S11. dyeV
+dyelll | S120+dye I IZBI L CPAMDHERRE L EZHMOBRIN X ~2 1
FHBE L&, 22 THORERKREER,. BHREILEEH-. +2 b
L FUBEHO KNS FOREODNF . ANF)IRTI LA ATH S
B, BFUNE, 3 TERACEEBHEFEI#EINTVIRERL Y S
AZ— . BRIZBVWTIHEBTFHARARERFEEL Y B - L% BEHIZT
LTWD G-12) CPAHEDORKRBRIMMED JBEKRO KBS EBEKIZ
BF L CELTDAREENDSE, T2 CREMARMELL PE - $9+511
EPIZ LD, LBEIZHEESAE 2 KTHSE2HREL, FESEEK
BEIZC XV —FBEIZRBBACODVWTEHRTLE, 0L x
o (E). f2)FkoKEtL 3,

o (E) = 1,/2 |l E| <1
o (E) = 0 FNRUSNDIEE (16)
fz) = (A/2In[(z4+1) / (z—1) ] (17)

Fig.3-14(M)IZ T BE)DFHERKREE2 TR T, Fig. 3-9 0 R L FAEIC. HE W
BEHOHBET2AORBREY -2 0OFENRFA S, Fig.3-9 &
Fig. 3-14(A) TBRBRE = &S, "UFBREEPZVERZ LD D,
E— 2 (LB, ¥72bb AERKU2D)D F)HLHE)E AE~ (R (17)
DL£Z)POHE)ICEREN RN ERRENT (Fig.3-14(B))., =~ h
KV, DR LEMEHTEBRRE—MEBIXI FQOOBEEE IzHE Y
BKFELRZVWEE 2D, E—2BSIZEALTIZ. £U2)D £ (2) 25
DERDEPEBEELSHB LTS, BRAIZZNETIBEFOES
JREFEZOVWTHLECEEZ, BATBEKOAR - BEIIRESF &
“hrD) I AOREERICL o THEELZ S TR LERFHRINE, A&
o Tk, ~hFY vy 27 R&ELT C20, D RBEFN., BED~ FY v 2
ALK T OUBIRGE P2, —FH., BEDO~ ) v 27 212545
WENELS, MEOMOMEERNB VA, CPAEDE B ITE L v L
Bz, B, RAEZHLZ2VF ) v 7 =0 6% 1,1 -diethy
-2,2 ~cyanine chloride & dye I ZELTAX BTN O AE (GBS
R by 27 R = 111000 IV TCSEBEADOR K NE R &
T3 (3-13),
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1 T | T 1 ! | T
I (d) | . (c)
z | m
O | O' K N‘
18 20 22 18 20 22
1n - 1n £ :
I (b) : (a)

I(E)
I(E)

0 M k a 0 BL !
8 20 22

1 18 20 22

E E

Fig. 3-14. (A) Optical absorption spectrum I(E) for the S9+ S11
combination having f(z) of Eq. (17). x=0.2(a), 0.4(b), 0.6(c),
0.8(d). Vertical scale is arbitrary. Energy E is in units of T/2
=0.148 eV.
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Wavenumber /cm-

22000 24000 26|000
! I

1N

LS

3.2 N S
N =
> &K <
o 3
e 3 4 N 5

Ll - N
< 3¢
e o
3
2 8 9,/ -

1.8 N

R4 -8

‘ | | ! S

2.8 3 3.2
A EleV

Fig. 3-14. (B) Comparison of absorption peaks AE (from Eq. (17) )

with AE (from Eq. (12)). O longer wavelength band, A shorter
wavelelength band
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3—6

UEDoKRZ2ELED D,

DMMEHNGEHE2HBET2BEOY 7 =651 LB EhTH—RBA L
HA BB ERR NITHP B E G2 R T2 ERTETHS, 2N b
DEEEEITIAHAB)EZFZ2AHPE)D JAL FCTHMS T bR
3 . ~

2B, THAUEGS., FHYLEARRLLOETHRBEOHTEL LTHE
72 CPAlEx HABUGR&E(R, HP BRI BERICII LD TEA L 1=,

3)dye I +dyelll, dyeV +dyell D A& & bH CTIHIREZEEEED )X
1ADEEWILEZZY | BILARZ FABEEI E)»5 1AKD%KIYE
— 7 DHFEENTFRIhE, C - NBOT /77 ¥ —BEKEMSET
RA L IS —B L, 2NbORBEINABEBEROARETBHL T
A |

4)S9+S11 DA AEDLETEDE)IZ2ADLEARY, 1T (E)Hhb 2ED
TR~ ODFEERTFRENTE, 2KOE—~ I MNBOT /&7 & —
BRE~DEKEENEANOERE®EL —HLEZ ML, “OBEDOH
HEDLETCHRHEBERBER L TVWARZ EEZRELTWS,

5)S120+dye | D#M A A bETIED E)EAKLE2ADLIZAY . BA
BEEE R HA B L HP R OGTHEMMEBEZ b L USRS, —0EBRE
DETE, NV FLBORALKENE., CPAHETF--EEN
5. S120-dyel DML EDLEIX, THF A 7B TiEdH 5 M. Fig.2-1
CTRLEEYVAI7HOETAROEEL TR 2 SI120 8 JBE
& S120:dye 1 BE JBHEGCOTA LN bR B EBERESL L > T\ 5
EEz2zbnh5,

2 E 3Lk

S-DKIEEY . LFEIT ¥, 44, 613 (1993)

3-2) P.W.Bohn, Ann.Rev. Phys. Chen., 44, 37 (1993)

3-BKERY, ABER. EEE4LE. HILBA, AABEE2LHE
- 58, 329 (199S)

3-4) Y. Yonezawa, T.Miyama and H.Ishizawa. J.imaging. Sci.
Technol., 39, 331 (1995)

3-5) Y. Yonezawa and H.lshizawa. J. Lumin, 69, 141 (1996)

3-6) M. I.Sluch, A.G.Vitukhnovslry, Y.Yonezawa, H.Ishizawa and T.
Sato, Phys. Script., in print
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3-7) Y.Onodera and Y. Toyozawa, J. Phys. Soc. Jpn., 24, 341
(1968)

3-8) F.Yonezawa and K.Morigaki, Prog. Theor. Phys. Suppl.,
53, 1 (1973)

3-9) H.Hada, R.Hanawa, A.Haragnchi and Y. Yonezdwa, J. Phys. Chenm.,
89, 560 (1985)

'3-10) Y.Yonezawa, H.Kurokawa and T.Sato, J. Lumin., 54, 285 (1993)

3-11) H.Kuhn, D.Msbius and H.Bucher, in “Physical Methods
of Chemistry”, vol. 1, Part 3B. A. Weissberger and B.

Rossiter eds., John Wiley & Sons Inc., New York (1972), p.577

3-12) E.I1.Rashba, in “Optical Properties of Mixed Crystals”,
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f+#% Nomenclature

C quantity defined by Eqg. (9)

E : energy

E™: energy in units of half-bandwidth

T : band width defined by Eq. (15)

T, exciton band width of donor aggregate

T, exciton band width of acceptor aggregate
V : quantity defined by Eq. (8)

W : quantity defined by Eq. (7)

X molar fraction of acceptor

z . complex variable

D(E): density of state function of exciton in mixed aggregate

f(z): auxiliary function

I(E): line shape function of optical absorption spectrum
Im :© imaginary part

In : natural logarithm

Re : real part

u (E) © real part of X (E)
v (E) : imaginary part of X (E)
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ex

D

ab

(E)
(E)

transition energy of mixed aggregate : S9+ S11 from Eq. (12)
transition energy of mixed aggregate : S9+S11 from Eq. (17)
transition energy of donor molecule
transition energy of acceptor molecule
wavelength
; excitation wavelength
transition energy of donor aggregate
transition energy of acceptor aggregate
transition energy of mixed aggregate
pail
density of state function of exciton in pure aggregate

; self energy function
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48 O —-TINFVLV=ZNAF I L— | DOTKBEREL -
R)v—DB, EVBERE~DFI I F L F—DE
4 -1 HE

ROHORANLEHEBIT. ARSI LDE, EEBEME*RZB T
5 FETCEELRRTTHD (4-1,2), PH LKA, HAMZRHEDO 71
AL MONPAEZ Yy JHBEERY, THORE-REBEENT T
TV ARABBERMDBARI RV TIARVDERES T HHEELHRE L
(4-3,4), ZORI~—F, DO = BEFORZ v /7BEIZLY, BB
MZ2EMBBHEEESZ LA HMFEENSE (4-5), BY (N-E=A B AN
=) . RFIMRE o A v I EEREL, K EBE L RS
(4-6,7), L2La2®Bb, RY (NNE=AHANY — ) 3. BTk
REMEEENRTERVWI DN, IFALVERICIVAERSATWS
T, HO5BREONEBAMELMERL RV (4-7,8,9,10), Fhdz.
WY (NFEZAIANARY =) O g AFy 7 RAHABEBIZ. bitwa
WE /> —D@BDVBLIZBEEND :Z2bN 5,

MM IZH2RAHAFEL, SHEHANEOEVE=ARY v — 3. %&
o RAUHEER, L0, SO EDBEBELZRT - L 2 T8
ENS D, AFRTIHEIDEZWCESE, 9-TA AL =A A X221 L
—F (FIMM%Z ., 7T=Fv, BLRT7I—SPHINLEEEZFTV., ST6H
HtEZRHORYV~—%2 B2 LBEMELE, BRARIEE&HFIZT, B
BRBEZITFUF—FORIFIMAREB LN, O, B A%, LBk
e L,

T =F VERIE, TUVINEBEARLIF AL ES L HEE LT KEA
EOBWRI~—2BEEGTI50OICHAMNTHY., SE8EhAXZ YL
—h., T2V V-1 OEGIZEASNRTE TSR A-11,12,13) & 3
WRUFIMADIEHEEIXZ, WEEREENTWVWRWUA-14), ST HLE
BIZE ZHRIFIMMDLZ R, ZOMERMEOSITOEDIZERERT
WS TH B (4-15),

4 —2 EB
4-2-1 HAE

FIMAMIZ P =F 7 I (mp 61C) ODHEHAT. RUy¥or 8T,
9-hydroxyfluorene& methacryloyl chlorides b &k & AL (4-15),
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t-BuMgBr (= —7 L¥E#K. 0.58M) &, XEKICHEV . ¢t-BuBr & Mgh b
G & il (4-16), r-Buli («X» % ¥, 1.4 M; Kanto Chemical)
& n=BulLi (~F ¥ WK, 1.6 M;Nacalai Tesque) X EH%. 2D F %
A L7, a,a ‘Azobisisobutyronitrile (AIBN)iZ= & — VIR WK
o EiERELE, BEEIEEOFETH® L, tetrahydrofuran (THF)
[XLiAlH, | LA F L idcCal, . P T3 B O n-Bulid HMIZ
IO, £, EAENMICERET %, BARBRERT T
HT7RAREIZTT 2%, RI—@BAZ /) —AHho0BLBEICLY 45
L7z WIFIMMAIZ, 7 F v F—DHHDEDRIAFALAZ I Y L
— bk (PMMA) KB L, RY~v—ik, 7. £XFHEE F. H,50,/H,0
(9/1) FTHASMEL. RIGEEW%NaOH (6.25 M) KEWH THF L,
CH,N, TAF b4 %5 Z & T, poly(methacrylic acid) &5 h 7,

4-2-2 W E

'H NMR X7 bk jx. JEOL#E  JNM-ECP500 spectrometer (500 MHz
for '"H)IZEVRIELE, "FE. BIUOSFELSHIL. Tosoh TSKgel
G6OOOHHR, G3000HHR 7 7 A Z#EfE L THHE L7~ Dawn E (Wyatt
Technology) multi-angle light scattering (MALLS) detector %
V. size exclusion chromatography (SEC)IZ THIZE Lz, WUL R 2%
k& V-550 (Jasco) spectrophotometer? . HHEART T,
FP-777 (Jasco) spectrometerZ AV . B & E/iZ. 107 EEZENTY
VAN HIRBEWBIZCHIE L=, Differential scanning calorimetry
(DSC) & thermogravimetric analysis (TGA) . TN E ., DSC-6200
& TG-DTA-6200 (Seiko Instruments, Inc.)% A\ THIE 21T » 7=,

4-2-3 AV a—F—va3Ilb—3g v

Molecular mechanics (MM) and molecular dynamics(MD) < 3 = L
— =3 % | the Material Studio 2.0 (Accelrys)Y 7 F 17 Ey VAN
r— ¥ D Discover module O Compass(4-17) force field ZHWTE
fTLice AV~—DEFLIEZ, £F. MM ¥YIal— 5T,
Fletcher-Reeves(4-18) conjugate gradient algorithm % f . DTS
FISRAR 23, 0.01 keal/mol/ABLFIZR 3 £ ¢, Bl LE, &iElLL
BT, TO%, B7H. A, A 2EEN —ETh dHca L 2 ¥
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YENVTa vy F4va iz T, My Ialb— a3y’ Fo7,
Bearden’ s thermocouple(4-19)iX, BB ~Dh v 7V » 1T W1,
AT v 7TREIE 1 s, BEEHKIX0.1 psé L1,

4-3 R, £
4-3-1 7=Fv, FCHINLNESL

T=FER TV ANEADEHIITable 4-1 IZEHT 3,
THF, PV Z VP TOERIZBVTIEH,. WL DL DERYNFEAE LA,
WA FLUPTORIGIR, TV —Tho7,

18 CTDT=FVEART., LBEMNBENETRY ~—RE LN,
OCTIRHAI-—WERFEP -7, 0CTIR. WS OLDREIRIENE -
SR Do, THFHR TOFEERY) FULERNEMAOT =4
YEESR., bz (4-16), LA F L F(4-20,21) TO t-BuMgBr %
AWT7TZMMAD 7T =4 VEAIF. VEVJZEATHAZERMLATWVS
. poly(FIMA) X, RMUEKHTT, 1T ) ~— L BEEHIBE LR
Ve —WEPLHEINLIBRELIV . 2RV KREIVWEKEHSFE (E
BE) Fok, b1, X TFESMIT. THFRF ToO +-Buli 2k v &
b bDEBRE, WBHOLE»o-, SPHIALELSTIE, B <~ —i3
BmWIRETHLRE,
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Table 4-1. Anionic and free-radical polymerization of FIMA.*

Diad Triad
imoncmerl, Temperature Yield M, Tacticity Tacticity
Hun Initiater  Solvent  linitiatori, ) e X107 ML IMLE imir; immimrire®,
1 ¢-Buli THF 7 -75 86 11.3 1.17 9/91 1/10/59
2 ¢-Buli Toluene 7 =78 67 6.3 1.20 90/10
3 ¢-BuMgBr  Toluene 10 -78 31 4.7 3.72 621358
4 #-BudlgBr Toluens 10 0 7 11.4 3.157 TALT
5 #-BubMgBr CHCL, 10 -75 74 11.9 2.16 58742
41 7-BuMgBr CHCI, 10 —75-0f 45 17.8 3.69 94/6 G7/2/1
7 7-BullgBr CHLCI, 10 0 9 21.5 3.25 9572
5  AIEN THF 1440 60 =99 43.0 3.69 nd?
4 AIBN Benzene 100 60 99 54.4 3.19 nd.f
14 AIBN Toluene 140 50 0 123.8 1.98 n.d?® 1/10/84

Amount of monomer= 0.30-0.64 g; [monomer] =0.20-0.26 (runs 1-7)
or 0.67 M (runs 8-10); reaction time = 24 h.

® MeOH—insoluble part.

° Determined by SEC with a MALLS detector.

¢ Determined on the basis of the -CH,- peak pattern in the 'H NMR

spectra of poly(FIMA).

¢ Determined on the basis of the a -CH; peak pattern in the 'H NMR
spectra of PMMA derived from poly (FIMA).

f The reaction was initiated and run for 5 min at -78 ° C, and then
the system was warmed to 0 ° C.

¢ Not determined. No clear signals based on the m dyad were

observed.

4-3-2 HV~— DL

ARRMOSEEEIZ, bEDORYFIMA, BX U, TOPMMAIZE#L
b OWELT. HNMRICE W BE L, (Fig.4-4) K U FIMAD 2
~ Y R (Fig.4-3) BV T, FHEHOAF LV VIZERAT D A7 bV
RE—F,. BEAEZBIC Lo b BEThHoT, AFL O =7,
IV EWTEHAEOEREZEA TS ARENH H25, Fig. 4-30D X
51, fRiCn, rEFICBRRBLE, A F L (H,) OE—27IZESE, 2
B X IVFVF—%RELoE, BMREREIGELONLZVHOD, T
NA L rEOIMIZHB T by (H,) ¢EEFEHE a bbb ERILHE
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HRAIEZEBRLTCWE, BEOEBREMHB T, 207 FAEBKIZE
WT, Y= O5MEOCBRAROIED, a-AFLDODE—-—F |IZESX_ 3
BFH IOFVF—RETDHILIIRETH > 72,

aromalic H H,

. H. CHs
I - I | l t-BuLi/ THF / -78°C
l_—l Ha 0 Hb r / a"CH'j

(a}p\J

t-Bul.i/ toluene / =78°C
1-Bu
/
M L AU wal_
(b)JL/ .
I J ) [

[} J i 1 J i I
8.0 7.3 7.0 6.8 6.0 30 25 2.0 1.5 1.0 0.5

6 (ppm} o {ppm)

Fig. 4-1. 'H NMR spectra of poly(F1MA)s prepared with #-BuLi (a)
in THF (Table 4-1,run 1) and (b) in toluene (Table 4-1, run 2; 500
MHz, nitrobenzene-d5, 110 C). The signals marked with X, *, and
T are due to the remaining protons of nitrobenzene-d;, acetone,

and water, respectively.
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aromalic H

” l PR 4 I {l 9‘"0 H
' * 0. H, l———a_] -BuMgBr / toluene / -78°C

+-BuMgBr / tolucne / 0°C
! x
m m
, At
(b)

-BuMgBr / CH,Cl, / ~78°C

m" T ‘ ‘

-BuMgBr/ CH,Cl,
1 -78°C — (°C

L

t-BuMgBr/ CH,Cl, | 0°C

(c)

(d)

() |

T T T T I T T T —
8.0 7.5 7.0 6.5 6.0 3.0 2.5 2.0 1.5 1.0 0.5
4 (ppm) 5 {ppm)

Fig. 4-2. 'H NMR spectra of poly (FIMA)s prepared with t~BuMgBr in
toluene (a) at-78°C (Table 4-1, run 3) and (b) at 0°C (Table 4-1,
run 4) and in CH,C1l, (c) at -78 °C (Table 4-1, run 5), (d) first at
-78 C (5 min) and then at 0 °C (24 h; Table 4-1, run 6), and

(e) at 0 ° C (Table 4-1, run 7: 500 MHz, nitrobenzene-d,, 110 °C].
The signals marked with X and * are due to the remaining protons

of nitrobenzene-d; and acetone, respectively.

-68 -



aromatic H ;
. ” | H, &0

? (I‘CH3
@.@ T AIBN / THF / 60°C
Hp
(a) h

AIBN / benzene / 60°C

E

(b)
AIBN / foluene / 60°C
(C)~) h]\Akh_;JU\____l____ ‘__///\\u_Jkaﬁuj\k‘_____~_*
~T 1
%.0 7.5 7 (J 6.5 6.(3 3.() 2.5 .( }‘5 1.0
& (ppm) 8 (ppm)

Fig. 4-3. 'H NMR spectra of poly(FIMA)s prepared with AIBN (a) in
THF (Table 4-1,run 8), (b) in benzene (Table 4-1, run 9), and (c)
in toluene (Table 4-1, run 10; 500 MHz,nitrobenzene-d5, 110 C).
The signals marked with X, *, and T are due to the remaining

protons of nitrobenzene-d;,, acetone, and water, respectively.

WL OPDORY v —F, MBIZEI2ZATAKEEOMKSHE, B L
WEDHEDTST S AZNEBAFAAICED, PIMAICE# L 7=, 3:&E
FE 7 FF—iI. PAMAONMRA X7 b (Fig.4-4) 2 & 0 HREIZHR
EFL~E, RIFIMMD AR bl FNHEPMMAICEBR LA |
NOEHELY, RIVFIMMDAF LUy OE—ZRBRBRIELWVWI LR EE
==,
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Fig. 4-4. 'H NMR spectra of PMMAs derived from poly (FIMA) s

prepared (a) with t~BuLiin THF (Table 4-1,run 1), (b) with t-BuMgBr
in CH,Cl, (Table 4-1, run 6),and (¢) with AIBN in THF [Table 4-1,
run 8; 500 MHz, (a)in nitrobenzene-d;, and (b,c) in CDC1,].
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t-Buli & FILi ZRAVWET=FVERIZIVELREZRY v—D
SMERBIEER, BRICBIEKFET DI LN ahoTlc, BWWY IV F 4
7 F v 7RY=— (rr>90%) 28, THFFTH LN, WA VY FZ I F v o
RIUV=—»RbtrzrdcEontz, BEREOBMEICLS, BUOMEKR
Al S IX,. PIMAOE AR THE S TW 5 (4-11,12,13),

Fb P TCOLt-BuMgBrZ AW EAGTIZ,. AV Z I FTF—NEH
WR Y =~—NEBo5Hh, OCTOEART, VAV EIFTF—BELR
5, L2LERL, AURAKA. BEZHBVWIEMAOES (4-16) KV b,
A EIFTF—DVRABPRYVEN, AV FZ7F v I7RY~v—iF
R UBAMMEZRAVWELAF LR THLBLNE, ZORE TR, BE
DHBRIZEIVEE D7, - 1SCTHRIOPIBREDA I FZ I F I K
v —7ZIRELNTEN, OCTIE, BWAVFIF v IRY v —
(mm>97%) »H{E LN,

ST HAINEETRENW Y VEEFIF IR I~—NELNE, ¥
YOFEITVF—DUVRAEEROT = F VEETHELOATL LD L
kL7, FVHNVEATR, FI7FVF—OBEIZLIEFEEITR
ZiFoonhotz, ¥, FJVINEESTEHELNERY—D 7 VA
L EDIML T e P EDSKE -7 2R ELERAPDRY,
LEHIEPIEL ., T=F VEAETHENEV VY IUFZFIF v IR <=
— X —TThotz, ZTOZLIEF, YVFEFEIFv IR w—0
SCHNET=F L EAIF. BECUI2EF X I7F v F—%F->TW
HBEDIZRZITONER, LVEWVWEHTRER O EHAAEZ
FFoTCTWwWazZtZzrRrBEBLTWS,

4-3-3 RI~—DREBHIIBIZIF¥IFTF—DHE

WMIEATF VLV P Tt-BuMgBr 2 HVWER LEA VY F I F v IR Y v —
(run 6 in Table 4-1) &, THFR Tt-BuLiZ AW TEALAE Y VU A ¥
7 F » ZARY~— (run 1 in Table 4-1) &, THFF TAIBNZ AW THEA
LA U <—1(run 10 in Table 4-1)Z WV, B G277, £ V¥
sF o 7R (BEHLSFE=7. 2X10° MALLSIZX 28I E) iX.
BT 2 FOMIcAY Sv—%2BETHEDIZ, SECICL Y 4T LA,
T VERIZIVELONNEA Y I TF v IR )=V ED
Fo A v—iF, BOBDI49C, 139CHETH 7 AEBRE 2R
L., —H. ZJVAINERIIEIVBONEY Y OAEIF v IRY v —
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THMEREBE RS bolt, ZTNHLD3 2D FriE, TGAKZ
BW CHELRER 2R L, t-BuMgBr, t-Buli, & AIBNTEALAZR
UV~ —DOASMRBEKBEIZ., T Eh, 264. 7C, 288. 3°C., 274.0C
ThHhol, ZOLHZ, AVEIF v IRI~—XDW o IFEIF
IR Y~ —DFPAGHRABBE RGP~ To, TNOLD/HERIT. #
JFF-IZEKFLTERER-TZEAGKRETOREZ L TWVWSEZ L E
RIE L T3,

4-3-4 H(WHEBHICZIBITDZIZXIFVF—DOHE _
 Fig. 4-5ICB o ERAEZF SR IFIMMDOERIXA X7 |

NZRT, FIMAE ) = —L9-TLF V) — VDA b8 E L
TR T, INbDORY)~w—F, FI7FF—IZEKEFRETLREZZAXS |
WK, ©—7@E %27 LT, (Fig.4-5(a-c)). FIMA®E /) v — Lt 9-7
AL J—nt, iz A7 PAVER, Y—2JBEEZRL T,

(Fig. 4-5(d,e)) BIMERHEADR. HE L 7 b (4-3,4,22,23) I3 BE &
NnNF. RIFIMMORIE DO 7L AL o EN, SERAEICEKFEL T, &
B THRVEFREEAZ2FITESFAFEL TWVRVWI LEZREBLTHY
ro TNHD3IBORY =—0, n A¥ v 7 HE (4-3,4,5) D755
REEE LTV REVWEEZLOND, TR, DRVIERBEO S
58 U (N-vinylcarbazole) B, tn R A v JHEEOERKL., BRI A R

P TORBHRERTOLHAELRALETH S, &Y (FIMA) OIS 7
NF L =nLEER, BEEBEEZRACEFTHI VIR VERLTWD LE
26N B, VALV ELETEHEOBMIZIHE 3 ODIEKA O EERN
EHE LR~ —HOUMBHNEZREOLIBELZHFALTVD LEZ
bivo,

R = — LB TFEOEWLEWDHENE A S bV % Fig. 4-6
WiRk3 , I XRTORV~—FXE/ ~v~—HEERL, = FTr~—FHKX
BESNnN2»rot, (Fig.4-6(a-c) ) ZDOZ &, 7t L =1k
BAEZ v I BEER>TVWRENVWEWVWIEROEREZXIFET 5, 6T,
HEEEEICBVYWTHERY 7V F LV F—0OPREIBBEINE o, =
hwz . R v—DELBHEHIZFIMAE ) ~—R9-T L4 L J — LT
HTLELE > TWi,
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Fig. 4-5. Absorption spectra of poly(FIMA)s prepared (a) with
t-BuLi in THF (Table 4-1, run 1), (b) with £-BuMgBr in CH,C1, (Table
4-1, run 7), and (c) with AIBN in THF (Table 4-1, run 8) and

absorption spectra of (d) FIMA and (e) 9-fuorenol (CH,Cl,, 5.0-5.5

X10"° M, room temperature).
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Fig. 4-6. Emission spectra of poly(FIMA)s prepared (a) with
t-BuLi in THF (Table 4-1, run 1), (b) with z-BuMgBr in CH,C1, (Table
4-1, run7), and (c) with AIBN in THF (Table 4-1, run 8) and emission
spectra of (d) FIMA and (e) 9-fuorenol (THF, 4.0-8.0 X10™° M, room
temperature, A ,,=287 nm). The intensity was normalized to a

constant absorbance at 287 nm.
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O, WP TAEYHBMEZREEL > 283 2B EITIR-> TWA
WEHITBbhE, ZTORII, Yo PFE27F v s, BIUOA Y
JF v IR —DI02=y hEFALOMDEHE L —FKL 7.
Fig. 4-7TiZ#M10n s TO v I ab—Vva ik vEBEoh-BEL2RT,
EHLOHLDETALTHL, n A¥ v 7 HiEM-3,4,5), ~U I L%
(4-24,25) DR 2 FFRI 2 ERIMB S Ao, LR, BT
MIZPRYVBRNPRAY y 7 OBRBENRZ IO, I A LF
—RMHEREIZ., B AMEZERIIEDIC, LETHELED
N5, FIZ, KOV RER, FPEMEZLOBBHMRAMLz 2 F v
IHEE. YHEBRAUAMEOD IR I AFZ 7V L — 2B 3-DICHENT
L EEZBNE,

Fig. 4-7. Conformations of (A) isotactic and (B) syndiotactic
10-mer models of poly(FIMA) in CPK (left) and stick (right) styles
obtained through MD simulation at 300 K for 9.99 ns. Hydrogen,

carbon, and oxygen atoms are shown in white, gray, and red,

respectively. The main-chain carbon atoms are in pink.
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4-3-5 RU~—¢T7 2727 —HEERBIZBT L I7FF—0%
HEHABOFFr——7 27k 7%— (D-A) HEERIZ., XBEIZKT
ZEMOMEEL T AR LEAMBONAOBRANPLEET, TOX
SHMAEEREZ L OO FIE., LIZLIE, kB IZBT2EWM L &
T (4-1,2), 22T R ALS b, BEUHNMRIZ &0 BIE L,
RY =—% 2,4,7-FV=ra-9-ZAFL=VUFr=n/=FrFJ L
(INFMN) OB EERICB T BRI 7 F v F—OHR%E ¥, THF, HiL A
FLy, ZunhibhT, ENBRHEEOBRLARI PV ZBIE L
R P/ BRECRKERZERBFIRZT IO, o, £ 2 T, TNFIN
DHEMEOBVWEILAF LY @R LERYT>7, Fig. 4-8IC&%
Dl B I FLF—%FE O3 ODORY FIMA ORIPART PV ERT,
[INFMN], = [®/~—H{]l,= 1.6X 100° M Tix, AR D
—A MBMEERBIIER SN o=, (Fig. 4-8(A)) L2 L2 Db,
[TNFMN] ,=2.9%X 102 M ., [F /) ~—HfI],=4.0X10°2 M T, 500 nm
fIFEZ D-A N RICE DM BHEEINR., TOANAY FEREERY v —
DINEEEICHEIZEKEL Wk, (Fig.4-8(B)) A Y FZ 7 F v 7R
U~—2E bW D-A NV FERL, T=FVERIZEIVELRTLLY
VOFE I F v IR —BELFHWDI-ARNERL K,
AHEERIZCAUFIMAL INFMNO B A F LU BREZBEM L. 7 4V A
RETOREERZBERLL) ERALEN, BHERTZT A NVLZZDZ
LR TET, RIEETH > LN TERNL T,
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Fig. 4-8. Differential absorption spectra (with the contribution
of TNFMN subtracted) of mixtures of TNFMN and poly(FI1MA)s pfepared
(a) with ¢-Buli in THF (Table 4-1, run 1), (b) with z-BuMgBr in
CH,C1, (Table 4-1, run 7), and (c) with AIBN in THF (Table 4-1, run
8): (A) [TNFMN]=1.6X10"2 M and [monomeric unit of [polymer]=
1.6X10* M and (B) [TNFMN] = 2.9X107% M and [monomeric unit of
polymer]=4.0X10"% M (CH,Cl,, room temperature).

D-AMEERAICBIBZZI7FF—DOPHEIZTVHNMR THLEBE SN,
(Fig.4-9) A UFIMAL INFMNDOE A IZEBW T, INFMNO B FH K 7 v +
COEmMBBEY T VR EREZTTONTL, YT NEEF, AVEIF IR
T TCHROLBRKEL, 7T=FVERIZLIVEONEVY Y VA FIF v T
RY~=—DDELFIPoE, ZOEFIEIHXBRRARI PATHEBINE
LD E—HELTE,

Iz, RY~w—& TNFIN E OB EERIZBWT, 7 F T F—
DE2DZRY~—T, BEEHOBIPBRRZDZED o, L
LR, RI-—DOnTHEROERZ2Z, BRE. " FEORRZ L
POEBMICEDLZOIIFAETHY ., HELLHABBREVIZIAZTL
nNegxol, ZP7FF—DRERLAFY~—T INFWN L DERIZ. &
BPTCOBHLREEDEVWTHIAEEL I, S%FMRBHN
VWETHLLHERDN S,

F/ . AFEZEONVEETTOHRRENLS, INFUN £ R Y ~—fIgHE T L
THBINF Ly EDHELAFLL P TCOEHEHKEK =4.0(mol ™), «
=8.5mol™L-cm ) ThHhAI LR bhrhoTWBE, IThix, HiLAF L

-76 -



H T INFMN D E /LB E :00lmol/l, 7V F L > ®OF L EE :0.05mol/l
~0.2mol/l ® % T. Benesi-Hildebrand ® X Ca0/A=1/K¢ 1/CdO+1/c %
AWV, 490nm OB K E»LEFHE L, (Fig.4-10) |

Ca0: TNFMNOYIHBRE Cdo: ZVF L OfHEE
K:¥YHEE ¢ ENBHEROETLEEREK

4k iZ. Table 4-1 run7 ORI ~—ZHW, BILAF L f T,
TNFMN D E /LB E : 0.0lmol/l, Z VAL O FENLEE : 0.04mol/l~
02mol/l DEMH T, 490nm DR AEEZREL ., ENMBEEEOET LR
F# £ =85(mol'*L-cm) & LT, FEEHZRDELLZI A, K=
1.2(mol Y ) CThH o7, (Fig.4-11)

TDZENL, TF Ll TINFAN L OEHBEIEE DO FHELK &
L Thb, AU ~—fI# & INFUN O EwmEBERN/PAENVT b TN
TOHGFREWMBEBEERZERDITTERL., RV ~—0 R LRE
fLT. BRPTOBHHNREREOEVWEFIZLD, HAEAEFHOZENREL
LTwWwaet&E2bN5,

4 —4 FEwH

Bipolh&MBTToOT=FEE., FPINVERICEIY, BEot
I FF—HEORIFIMMRER T 52 B TER, FHDO Y I F
VF—ICHkRkTE, RI—OHERBEOCERBIBERP TRZIT L
N2 >D-AHMEERICEEZ 52D LR HBEINTZ, 2L DHEK
RiZ. FRFELRKIZAVWONRDZ LS, ADEBFHEEZEERL > 5 E
EE2REEOor=2 AR ~—DFFA4 LB T 5L EENMEOBEMSE ST
ik L 7=,
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Fig. 4-9. Partial 'H NMR spectra of TNFMN (a) in the absence of
poly (FIMA)s and (b-d) in the presence of poly(FIMA)s prepared (b)
with #-Buli in THF (Table 4-1,run 1), (c) with AIBN in THF (Table
4-1, run 8), and (d) with z-BuMgBr in CH,Cl, (Table 4-1, run 7;
[TNFMN] = 2.9X10X102 M, [monomeric unit of polymer]=14.3X10
X 1072 M; 500 MHz, CD,Cl,, room temperature).
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Fig. 4-10. Differential absorbance (with the contribution of

TNFMN subtracted)of mixtures of TNFMN and Fluorene :[TNFMN]=
1.0X 102 M and [Fluorene]=5.0X10"% ~1M (CH,Cl,, room

temperature). Aa: Differential absorbance at 490nm.
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Fig. 4-11. Differential absorbance (with the contribution of

TNFMN subtracted)of mixtures of TNFMN and poly(FIMA)s prepared
with z-BuMgBr in CH,C1,(Table 4-1,run 7):[TNFMN]=1.0X10"% M and
[monomeric unit of polymer]=4.0X10"% ~2.0X10'M (CH,Cl,, room

temperature). Aa: Differential absorbance at 490nm.
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F5E fiFE
FHRMEBZRAVEEFTAAMZAOBEREAEE. BLUGDERKIC
X, BFVAR_ALTORESGEH L BERBREBEBEOBAILETHY . &

BIZMEBEERITDPDLTWS,

AFETIE, 2BEO/ e 7y —HTRIOMBAEERALS., &5 TEF
ZHIET IR FOMAZAALT, UTIZ, AMMRORREZHET 5,

(1) 2BEOVT=VAEZ2EOCELSTRERESHE ORI - B
- BAEJREE DK

CHEBEOVT=VBENPORDIBRE I BEKOEEL, BRI - FEHA
X7 MVER.EP—IJMNBORALEKGFEE» L, FEER(SH), £F A
7R (MB), BOEBRHPA), MEB HAR)IZHELE,

¥, KRN EBEEBmEL, SR —RBRELEEEEZRABCE
BRI (Hp B), AR MHA B)izH L, RTA—F——0,=A," T,
PEAL, B - BHRARI MNEBRZEETHIETFNGHELLTEH
HAThaZ ELEERELE,

(2) 2BEOVT=VAREGIHEFOIAZNEEOEE

HA BIBEERIT, 1AD J ANV FE2, HPEEBEERIZ, 2K J AU F%
AT, O, AFOHOHEZHAT LD, A EERRLDOEF
BEDOHEEL L TCHERARCPAERZ HA BRI BEKR HP REEEIZIILD
TEALE, TORBRHAREBEERIT, ZHIRAX7 PAVEEKI (E) 256
I1ADORIRE — 7 OFFEN, HP BREEEKIZ. 2K0RNRY —7 OFE
BHERGRLELEBEBONE, T, P—IJNBOT 7% —BEK
FHEL, BRI —HLE, TNOORRE»L, CPAIET I BENKRD
SHFHOMEEHETCETDIILEERHLE,

(3) 9—TNF L=V AFZ 7V L—-LDOMEBRES
AR —DB, KMEBRE~DEZ I FUF—DOEER

Bipgol&BTTCoOT=FAvEAR., FVINVERIZEIY, Bzl
I FTF—%FEORIVFIMAZER L., SIFEHRBEO &S (rr=89% or
mm=97%) NIV ~—%2 G L7z, FEHOF¥ I F v F—IZHKTE. &Y
v —DEEOHAELZERIBERP TAZ TR PN, XY v—
DB BERNPEERME. BT TOTINFMNE OD—AMEERACEE %
Ez2BZ ERHBEBENTE, TNOORKRIT. AREEERKIZAVDOND
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