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1. 1 &

Z

HO&A R L= e BR %

424 (molecular association) &%, HED G INKEREEST 7 T IVT— LA DR ED
DFMNZESTEALTWDRED Z L 2RT, ZO0FEAEICEVWEIT, KL ITER R
BamrL, I 2R U T Tho THLEHIRBRRLRIUTEDRHEITER LR D Z &2 5, HiEE
D% T T TR ESRETHET 20N E L, TOESGKRIITRbESTE2AIC LYK
NicoTWD, TNPANF2E LEROMELRT ZLDIET I PRETHD, TTIAETICH

DENCET DR ZRBIG NI, - Wi S, LGB ST E o, £ O TARIFR
Tl & ITREBHIRUEA &V O 2 EIRBE A TR ALZAIA AT @ o T BRREE 21TV HTiRE
WEOBRIR A BIE LTc, £/, BOBLENG, BIRA Y THEDO 5 FRIKFR G2 L0 R 3 7
R OFERBTER SN D Z LIZEH L, & OBIRWN W E 20U X DM EHEIC B 2 MiEt b
BIhoT,

ST HOE2A 2 L BEMERRMRIL TN TR, 207 Fr—F ikt Eickkx
Thd, TOXRHEEMEREOT 7a—FFHikiX, 2 THCRAO (1) EEMALE (2) B
MAECKBITHZENTE D, AIEIED THCRELZFIA L TARAE - B - sk E 2B L,
EHEH - EEEZAIH T2 L0 THY , BEITHCAAIC L VLS NI-WE & RO RTBE (A -
R, HEIE OO OWRINAIZ E & L CHBEMICRIAT 2 Z L IC X DV EEMEZAIET 200 THY |
HOSANTIRRKERBICE TN Ebd D,

RERTE B, 0 T HOSBIZ K 0 FEIAICEFENAE T, BFNER T & OBRELZ BT 5
ZENTEDLOT, HTHCSAFEEMNA L CTHEREDE 2 EBLT 2 BN 28 Th 5, £z, HEK
Kelk 2 53 2@ MR CH 2 B RE D 1. TOHFREIC L 0 BEEEERRE S B2 S, &5
2 BERE O D T HENACERET 5 & TYEREE 2 Fr o B FA0BE & 72 2 61 & 3
HINTWD, RiGLTIREEMHOFE LT, R F47 = VFERO G AT - 7o, RER
IR E DT THLRY FAT7 = Tkt LA CEMMELZ AT 2 8RR S 1 2 AT Z &1
Fo. HOERMEEZ S 6, F8H, RISHEALO 8RR 2 il T & 2 R &0+ OBFENTREIC 2 5
LEZ, MRt EiTo B,

—Jh. HTHEERABICL VBRSNS E I ABEEREZRIRA S LCRIA L, HiEEIcE
Bt 5 Z LICHERBSFE N D, T & ZTREM NI A E & BB A & L C, RNEERHER T T
WEZ T Z L2k D oL DHHEEME Ch D, TAWEH], EX_EEFX v v ¥ OFEMMEL, VU
FOLAFT Ny T J—DRAMMEREE LTSN TEBY . Fx ODAETEIZRPERVVE TH S,
RFBIBFOREEE « HEEALIZEE LS, Il LT T F—L v s =R F ) Fa—TREDT ) I—
R AEMER, B—R 7 7 A N—Ta ERZEF B, FEE - BHEARICRIHSh C& Tz, Zhb X
BipofeT 7 u—F L LT, AHATBIKORE Z S LT RBMEHE TR 2 2 & AT iud, Mkk
RO ETHRNCIRD B2 D, IE, y-> 7 uT XA M) URBEREERNORD~ A 7 r A— v
YA ADOSIHETIRFERAHE Sz Ly-o 7 0722 Y U BABRICAA LIBR Sh ST AR &
W) BBRRWEIRA T 5 DT, KT TFRE 2 MR L EREof L LT, Zov
7 a7 XA MY CERBIKROIR A MR LT RBEEH AR T (B =5),
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1. 2. 1 #WEETDOHHE

Weh (liquid crystal) 13568k O 5 L IR DOFREMWED T G %4 b b DRETH V| RIFCH
HEE D O b SRR O R & v 2 LA TE %, 1888 4RI F. Reinitzer 732 L A7 v — /LEFiE (K
IZB W CTHEEB OB NEET DBSR 2R 7 L, 1889 452 O. Lehmann 28 Z O ik & iR IA D H ke
ICBWTWEDIHFENRE A O L2 AL, e ML SNDICE o772 2%, RmITIx, W
EIRETDHZEICEY (TROLREEICED) ALDEMIRETHDL T A A ba By 7k
(lyotropic liquid crystal) & . 1REEZKIZ X 0 iKERIREEDN R BLT 2 —F b r vy 7 ¥#&kdh (thermotropic
liquid crystal) MfFAET 5, & BIZ, WebtEy T3 E O+ EMAEER L, SAIREZLT 5 2
LK VAT DIRETH D,

TA A ha vy ZiREITRERESRE S & b, SR miETERI O X9 7 g s 23K 72
EOUBEEIREG LT L XA LD TH D, AERBEEYE & BENEL | 7o & 2 ITMakIX
U U EEDN G 70 B BUKMEEAL & IRAKFZEH DN B 72 D BUKMERRNL 2 &2 U U HRE A BUKMA B/ER IS
FONTFEE UK LIIEE —ERENAERSTHY . F4 4 bty ZiRERETH S,

AWFZECHER LTEDOIRREZEIC X VIRERENAE T 529 —F be vy 7k (REEBRRK
ga) T D (Figure 1.1) . HRAAARILFESLIRAE & kG REEO P OIREHPHTAE L 5, —F et
v JREMEZ TR TWEOZL TR E IR0 ST ERE L TEBY, T ER I T7ITF v 7
(calamitic) #dh, 7 4 A= F » 7 (discotic) #Kan & FEXIL D, Figure L2 ICENZENOWEF| & &0
155 W OF 278 LTz,

T
W /4y

N \r'/
i =

Crystal Liquid crystal Liquid
—— >
Low temprature High temprature

Figure 1.1. Schematic concept of thermotropic liquid crystals.
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Nematic phase  Smematicphase Cholesteric phase

P,

b >
5)

Discotic nematic phase Hexagonal columnar phase

Figure 1.2. Examples of calamitic* ° (upper) and discotic®” (lower) liquid crystals and their common
mesophases.

LT E X R THBERP—E by 7B TH D0, IR —F br vy 7k
NELY 153 DR B X, O FRLAMRIEBIC X W I SN D, £7. *~F v 7 HH (nematic
phase), A X 7 F 7 3 (smectic phase), = L A7 U » 74 (cholesteric phase) |Z K5Il &412 (Figure
1.2) A~F v 7T FORMIKELF L T XL THLN, RN —kk2 Mm%
MWTWOIREETH Y | ERBIRIRIZTWVFEE WS Z & TE D, flx Do OR[N TWD S
AR TIEZ2 W, BEARIZRIVUT—FRIZEEmM L TR Y, ZOHFmERTHEANT ML ER R
7 RMVEMES, X~F v ZHREMIX, WEPIEBOWRSMHZ R THA 3R S M WO A BT
LEENTEAETHY  EMELEV, AATZF v Z7HHITEIREEEZ L OHETHY . 612
OMDANTHNL EEND, AAZF v 7D B, L0FFEEREL . BRI OERERFE 2 b
DT RIS MR MRS AL (soft crystal) #HEFEIZND Z EMMZ VDT, KL TIXZIC-> 7=,
BYHRARA T F v 7 M« Ll MG e & 2 05 FRdS % Figure 1.3 128 LTz, A A7 F v 7 A(SmA)
FECIE, BEAX 7 RV DSEVERRICKT L CTATTH YD BN T FOELOMEIXT VX L ThH D,
ARA7F w7 C(SMC) FHTIX, BN TOSFOELMIEITT VX LA THHD., BRNY MUiTE
ERP BN TW D, B 7 M EERICR L TEATTHY | BN TOLFOEOLEN NS
i CHLFRITIARA T F 27 B (SmB) HHTH L2, £D 9 LEMOMHENRH L HDILr7 ) AZ)L B
B, 2N HDIIA~FHTF v 7 B (HexB) fHE I LD, HexB FHBMEVZ & 5 RAHIZA A 7 T
w7 1(Sml) FHE A A7 F 7 F(SMF) HHTH Y . RIF IR AEOIDITATOFHIZELN T kv
MEWTEY, BFFXEEOFHEIBNTNDE, Z7UAXL]) Q) EZ V2%V G (G) HHi. B
DB T MV HMENZAEETH Y . Sml, SmF L FEERICEZ O FmIC LV I ND, E MR
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ENEETH D7 U AFLK(K), 7 UAZILHMH) IZOWTHEETH D, ZHH DD R0
THEI DTN DT D Z N TE D, T2 & 2130 TRl 5 m ORME I EFED 72 WO DSk
THSMARIZITTE EZIFARA T F v T AL AA T F 7 A2 A A7 F v 7 Ad (dimer o d TH B).,
ARA T F w7 ANADTFEE L, SMA-SMA FHEER & FER ST\ % (Figure 1.4) %",

Longer axis of molecules Longer axis of molecules are tilted
are not tilted
3 i sme
g °Jeg® /4 ®ces®
c—‘: ,." :.0.. o.. /,” /A : oo ..;=>Tilt
!.!!!.!&' Yy mw .
§§ Bl Sml SmF N
23 1w oy N AN
3 5 m’ 000 @ mwny 4 @
2 0000000 iy iy
? B _ G {pi
% “"“. ””’, = Tilt ”/’,,
1 W S0 | sy MY @
a3 100000 o i
%—g = K 1 it
2.2 (o 2y =\ A |
3w o | A @
a3 000000 iy iy

Figure 1.3. Classification and their structures of smectic phases and soft crystal phases.
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Figure 1.4. Classification and their structures of SmecticA phases.



IREZGIZIN U THEE ORI Z T WE b3 AFET D RSP BN DIEF T —KAIC
IR 5 #5584, H, K, E, G, J, SmF, B, HexB, Sml, SmC, SmA, N, ik THv ., BFHEoEm S o
JI§ & —%42 W2, =77, FRiEie L BRIERRE TEN R OFECIEE N R 5 BE80, &
DERFPED R WD X0 SR TEN G H IAET D, 2L AT Uy ZHIE, X7 VRIS T
FIIET X TINARRYT v VMBI X T NAVWEERIN LR THLNAFETH Y | 4 FELA T
—EfAME L > Th UhiztEiEs L TW\nb,

1. 2. 2 K&ESFEMEAEEA

TR IRIBI Ly A AAERIC K O IR S AL D oo TIFR BRI, U1 — B FE AR
BURR-f- — G AL PR 7 AR ALVER . 3 L MU 1 — 3 L MU A BLVER . R0 & 2 S RERERR FAE 3 &
Do 3 TDELM L, WREIKAE & 22 B T2 DICEE LR 501X, FHEAR - —FHE R T+ AEH CTh
%4787) (London 73) & A FMIORAIKFR N TH S, BRIRDT2132L B3~ v F v 7 EIREDY
BEHBEZDE . HIE OREIT Maier-Saupe Biaf ©°, #%81% Onsager Bl “Ic L W ik T& 5, 0
ML DRT vy VXA F =L 2505 FOELMOKZ ;. — o050 RN 7ed
o, LTl

—C (1) = A(ri)P2(cos0y)
CEERTILENTEDL Y, FEHELD L, DTPEWVIHTERD EEICRT Vv b RL
X =N/ D 2 DD BN ATICEM T L2ER E D Z L5, IRIZH
KRN OEEEZEZ D, OL 2O FOEFEIZIZ, oy F2HIEFR I L0 RS TGrEEh s
U, PEBRIAFE (Figure 1.5) 23U 5, s FIBIREZ R S, FEEr O O MG E8r O-ER A L 171
372 X 9 72 spherocylinder T4k & B 2 5 & | HEBRIAFEIL
8(r?l + 4nr3/3) + 4rl?|sin 6|

Thb, ZOWBRERENR/NE 2D L ET IR EE L 0D, TP IR FI1X, T
PHWIVATTH D (0;; =0) RiEE L 59 LT HERERZIR) T, BRMICR~T v 7l
meERdtnzsd,

BEBRIATR

Figure 1.5. The model of the excluded volume.
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EEEO 1Tl TR EERIZIEFICERETH Y | Fl 2130 THEEN D & 015K MECZE
DRBLREZ FMEICTIRT 52 IXREETH D, 20D, BROMME (REEOHEERIRE) %
BT HWE 3R E KT 572 DIIRBRAINEEIZ /2> TL b, £F, e EEIIZIIER S 170
BE U EOHRRSDWVIET 7 A~ UVBRPMLETH Y | ZOMBT AT VIERLT Ve &
DFEGETHITINTVWD Z b H D, ZOMERRIRE 32 A Y F o eSS, £ LT, AV T
EORFEIIFRMCT VX NVE, 7 25 = heR PoBEREZEGT 5, ok E ok
(B B R%EREI & L Cid, Figure 1.6 OB DX HICA V7 U RO GEFEROEN I 2 5 L AHERBIR
FENEL 2D, Z~F v Z7RBORG T VX NVEHE RS T5HE AT F v 7FHRBIIL, £ OIREH
PSR » T E | S~ OHIEBIEE MRS 7225 Y, 223 % 5, Figure 1.6 ORISR 14
1% 4-cyano-4’pentylbiphenyl (5CB) D54, 24.5°C ThHEgL» B R~F v Z A L, kT 355
°C TRYT v ZHNLEFHREMIZET S Z E2and, £, [I[NOMIFEERRE TOARS
NHZELERT, 20X BRRBANIZEGAET D0, TOIEEALIZOWTHEINBFET D X D1,
Ren My RO AE/ERITIEF I TH D720, BROMMEZ AT 2 E O FHBFIT—H# <
=S AVIEVASAN

C5H11CN Cr245N 3551
CeHi, O O O N Cr 130.0 N 239.0 |

C5H11NCS Cr53.5E 74.5 [N 43] |
CoHy, O O O \os  Cr940E2480SmA
257.5 N 262.0 |

Figure 1.6. Molecular structures and phase transition temperatures.

1. 3 F _=m=OMHE

HBR D FITEEREE 2 AT om0 MR TH Y AR EL, ARRERIR T 27
AREEBA B E~OISHNF STV D, R FAEEAAE & el L7258 ORI RIS,
RRRME « FeiktE 2 9 5720, BATEIC K DMK 2 MR HERAWRETH 5 Z &, KEMOHZET
ERNERG ThHDHZ &, LT VR UTNRFFOERNAIETHD Z ENBT oD, AEE
(RDH-HARNEREI Ty FRCYIRIBICR & S B SN D, ESRE DT EE MBS L TR SN D
BRiZ, BAEIC KV ER SN ERRETHON OS2, ZOHE 5 TEANRIEDOHIHEIZEE L,
—HTHTACERAICE Y FRINDWEARETIE, o FIXBECREmMEZ A L, B0, D5
HIG )70 EDOHINT L0 BRI ZHIH 5 Z & bARETH D, T I T, FEEREEZ b oKk
R Ly BERRAMEZ O ah s F a2 flAiAilie 2 & T, Bkt E AT o &R0+
DFEBAZHIE L (Figure 1.7), ZoFikah & L CiE, MISREE OZBIUC LV Bk~ etige 21 5 T
LEEZOND ., SRS R &GS T L Le, ESITIE, EREGD T D7D T b HLigay/)
SREFNF =N RXy v T2 AL, v UTBIHECOENDRY F47 = 2R L, I
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(IR IR RE CHEE R M 2 A4 5 L SN B, ALZRAIBUGSHEDE W AT VIR B2 b T2 70
-7 2=V TR U UEEARRIN LT, 2-7 == 7 X LI F N E SRR A SR T H
DDT, @D FAEER RS A EERZNZENOREZIEN LIZE S T ORI H D72
HEEZT,

Conjugated polymers Liquid crystals Side-chain type liquid crystalline
conjugated polymers

THAL
N =
% -I_ ' “. " i‘-ﬁé.:&‘_\-.&skgl,

Semiconducting Self-alignable conjugated polymers

property

Self-alignable property

Figure 1.7. Strategy of study in Chapter2.

IOEIREIED L &, TAT 2D INUIT AT L D AR—Y—% LT 2-7 = =)L
T 7V UE R AT % 2,5-dibromothiophene FHER M1 & | AX—H =N LD ENA~FHF ATF L
THDHM2EZER L, TNH%2 flE (AlkL BiE) OFETEASL, RY~—%1 (Figure 1.8) .
FNOOEMEYMELZTREL TE 7, LL, ZHE TOMZEN G regioregularity D EWAR Y F4 7
x TR, AL OEIRIEDMRWAR Y = — & 72 0 | SERERMFEAM & 2 20 5 70 2 W PERI E A3 A
HTHDLEVWIHIRENEL, &2 TARMLOE FETIL, 3fLIZ 2-phenylnaphthalene 0z % 3
Hfix DRV FA T = VFEROERR & T 21TV ARRIABEA~ O VRARME-CH AL M 2 3 5 728
Doy FEFHZ DWW TIRF 21T o 72,

o) o)
LD Deaen L L Oenen
Br Br A

P1-A, P1-B

s M1 Method A, Method B s
—_—
(CHz)6O O (CH2)6O O
LD O LT e
Br— g~ “Br M2 s’ 77  P2-AP2B

' Ni(cod),, bpy, cod:
i Method A: —_
DMF

1) iPrMgCl, LiCl |

i 2) Ni(dppp)Cl, |
i Method B: —_— !

Figure 1.8. Structures and synthetic pathways of P1 and P2.

5O BRHNEIL, MEOICHEEZ#BGEET A2 HIT (1) fAc T 74 Lo Eide 7 =
= iEiE % B - poly(3-substituted thiophene)s, (2) 3-alkoxythiophene #i&a H DR U F4 7 = >,

7
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(3) 2-phenylnaphthalene L3 FE A L7=R Y 47 = (4) 2-phenylnaphthalene (712~
BZHEALERYF A7 20 (5) ST V2 RmIc b ORI F A7 =, (6)
3-alkylthiophene & D7 o Z AILEAREZ G L, HERRET LT, WM, WA, Jer ek,
HOMO-LUMO =3 /b 3 — Lok {i5dh « [EAEIEICBE 3 0 AR M e R0, B8 L,

1. 4 vrua7Fxxbhyr
1. 4. 1 v7as®xhlyv

PEIL— M Cy(HO)m TR SN DIRKIW TH D, e b HIT72HEIL 6 RIEO—FED 7 /v =1 — X
(7 RUkE) Tho (Figure1.9) , D-Z /N a—RFX_FEHOT /) ~—DBFEL, a-Z /b3 — A%
INMDRFBIEAT L2 FeX v ERTI T A THY  B-F Va2 —RFTh N TAALTH D,
PR L ) LOfEE %2 7 ) 2 RS (glycosidic linkage) . 722 TH 7L a—2 85 LOWEE %A/
)Ly KBS (glucosidic linkage) & IMESD T, a-Z /b a—AD LM ORFICHESTHE FrF ik
MBID T N3 —AD AFLDRBICHERT D& Fr Xk i L BiKiES Lok S ITa-1,4 712
¥ NG LI D, FRRICE-7 /b a—AD LALORRICH AT D e Rrf &R0 1 a—2
D ANLDIRFITHERT D e Fa x5 EBAKNES LIoBIROEEIEB-1,4 7V 2> RiEA LT
b, ZOREEZRNDE, BHEO TN a—ANal4 T LAy RERIZE Y SRR ERHET 3
n—2Z (amylose) TH V., B-1,4 72y RFEAN LD ZHHIE1n—2 (cellulose) TH 5
(Figure 1.10) ,

o-D-glucose [-D-glucose

Figure 1.9. Chemical structures of glucoses anomers.

OH
noﬁé a-1,4 glucosidic linkage
HO
9 ’\(
Ho ) O

Cellulose
Amylose o B-1,4 glucosidic linkage

H OH
orP o ,J—\OH
., 0
% N oo A2
OH
OH Po &0 OH
o
H H

Figure 1.10. Chemical structures of amylose (left) and cellulose (right).
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T I —RELEARDELGFTHLHN, 6-8HD 7L a—RAR0-1,4 7 /b3y FEEFEIZK DB
WITHES L7oBIRA Y TR 7 v7 % 2 h U > (cyclodextrin) TH 5, /a7 In—A
(cycloamylose) & & FEFIL, WEBIZZEA A FF o 7o\ Y OERNBRIT I X 5 BRIBIRE L Tnb, 7b

a—RFRIDOEN6,7,8 THDHV 7 uaT AN v EENE o, B-y-v 7 BT XA MY ERES
(Figure 111), L0 B DI a—2BENBKD T 7 B F %2 b U 2 b8E SN TNS A, KBilo
HLIRPEAANTHDZ L, AEERORLEMNNG . R - JISHBNID 7220, a-, B-y-v 7 1
FEXARN) UDEROKRE SR EOME Table 1 ICE &7z, 7T F A MY R0 TR
ENTDIX189LETH Y, T > 7 /12 Bacillus amylobacter &\ 9 #llE &2 {EFH &85 LN ES
D2 ED A Villers 12X 0 #E Sz U3, HEEIOGEICITFER A2 B L, 1936 4EICERIRY T TH D

R B, RESRE Shue P, 1970 4R B 1980 AERIZNT T, TR T —BIty o m
F XA MU AR (Cyclodextrin glucanotransferase, CGTase) # {EH &€ CTEMICT 7 1T ¥
AR U EAETDHFENRE SHER L, IESCIHANERIITONS Z L Lo Tz 2,

OH
OH O
OH
OH oHo HO
OH
HO .
o a-Cyclodextrin B-Cyclodextrin
HO OH
(@]
HO
OH HO
(@]
OH

OH

OH

HO fe)

v-Cyclodextrin

OH HO (0}
OHO

HO 0
HO
OH
mo{'(’zﬁw
o
OH

Figure 1.11. Chemical structures of cyclodextrins.
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Tablel Characteristics of common cyclodextrins.?®

& OD ~
€ -~ >
&
a-cyclodextrin B-cyclodextrin y-cyclodextrin

Number of 6 7 8
glucopiranose units
Solubility in water 145 1.85 23.2
(9/200mL) at 25 °C
Inner cavity diameter 0.47-0.53 0.60-0.65 0.75-0.83
(ID) Inm
Outer cavity diameter 1.46 1.54 1.75
(OD) /nm
Cavity height 0.79 0.79 0.79
(H) /nm
Cavity volume 0.174 0.262 0.472
Inm®
Crystal water content 10.2 13.2-14.5 8.13-17.7
(wt.%)

T XARNY CORINED OOITIE ke Rr A JRVIED) ODITIE ke Re ¥
VHEMNMIE L TWDOT, BOIMUNTBAMER G 7 vaT7 X2 MY AIKERE AT 205, 240
NEBIZBKETH Y | RREBMEAHOITND, £DHY 7 a7 F A 8 BRI AR
IZE D HHFEOWE (LICBKMEWE) Z225MCaEd 52 ENTE 5, AETIWEORE. @
PSR O, CHEEROREMER EITROREIICEIVER S, FlziX7aT7xA MY -7
=Y UABEEADEA . RN NS Ra-v 7 TR AR Vida-v /TR AR 2O T =
0 EHRAADE T st 2L, KD ZERABRKRERB-> 707X AN iFv o
N BV VBREN Y 7 0T X A N ORISR EEE L e D FRICEEE L S HIZZER
MRERy-v 70T X AN NI 7 a XU AP VBRSNS 7 07 % A kU 2 oAz Fril
(AT & 72 B 5 CEET B 2

WTETERNREFEDORBIZE VI TFICADL LS IZhoTcZ &, KEMZHETHZ & AE
~NOREMENRE N & BEREEAETA LD, BIETIEYZ7eT %A ) IR MHSA
A ~OIGH (ERCEFRR G OLRENR E), ¥ TNV T L, BTk EOMZEIC A FIH
INTWD,

10



1. 4. 2 vZ7ua7rxA LI roOf i

vraTxA N RERERE L, Zha— RABREOHCR ML, BTSSR Nt
DIFEVIZ L0 k& 7efimiEiE 2 & 5, K92 & 0 ZRIME (cage type). faiZiUAf#iE (channel type),
JE KA (layer type) > —FEHOHEE N & 5 *° (Figure. 1.12),

© / \\

%\)@ R
5
\

®
NI/

AN/
RN\

(8)
HRAVERAVIRA
NETAVETANS

HRAVIRAVIRA
NEAVETANE

e - = ~
- - - -

A\
AV
i\

o
CSAS o
@ L
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Figure 1.12. Packing structures of cyclodextrins.
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T IR, fife L, i - R AT S 2 kﬂi%f%é R R LI A AL %
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Figure. 1.13. Common strategies for porous carbon materials.
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Figure 1.14. Schematic image of y-cyclodextrin microcube.
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Figure 2.1 Concept of liquid crystalline conjugated polymers.
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Figure2.2 Structures of common conjugated polymers.
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Figure 2.3 Examples of side chain type liquid crystalline polythiophenes reported in 1990s.
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Figure 2.4 Examples of liquid crystalline semiconductors.
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Figure 2.6 Possible advanced functions of liquid crystalline conjugated polymers with semiconducting side
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Figure 2.8 Examples of conjugated polymers reported as high performance organic semiconductors.
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Py T2 A3, &R chlorobenzene <° o-dichlorobenzene | & D B IAfiET 2 BERIER ) ~—Tdh o 7=, %64+
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AL (UV-vis) BRI A 2 L EIE L7255, P1-A, P1-B, P2-A, P2-B @ 8 H K OWIAR K £
X2 E4 387,444,381,439nm TH Y | AIBIZEVELNTZAR Y ~— & bilg LT 57 nm F2 /£ K
FThotz, mEEREAENE (Differential Scanning calorimetry, DSC) 35 K MR G BE S8 2%

(Polarized optical microscopy, POM) (Z XY . PL-AIFIE « WHAIBBEILICHMR IR A X 7 F v 7 17
HERTHRY—TobD I ERMEND LIV, P2-A IXIHEEE KA A DR HINZDIHRILNY | P1-B
X P2-B IIARE R A R S IR o T,

(CH2)100 Method A CHz 100
(CH2)7CH3 < (CHy)7CHg

Method B n P1-A, P1 B
(CH2)6 Method A (CH2)60
(CH,)7CHj < (CH)7CH;
Method B n P2-A, P2- B

' Ni(cod),, bpy, cod:
+ Method A: —_—
DMF

1) iPrMgCl, LiCl !
2) Ni(dppp)Cl,
_—

Figure 2.9 Synthetic pathways and structures of P1-A, P1-B, P2-A, and P2-B.

R R R R
R
43 S/ S/ s U\
il O~ D W e
1 R R R

HH coupling TT coupling HT coupling
Figure 2.10 Conformations of 3-substituted thiophene dimer.

Low regioregularity

BN R SN N High regioregularity

Figure 2.11 Models of poly(3-substituted thiophene) with high and low regioregularity.
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PLE. ZHVETOMFSE T, regioregularity O &R U < —(3 regioregularity OfKWNR Y <~ — &
Leig U CHBEREEA~OEEIENME S . EHBRORIEENERETH Y, A ZRE LS50
ZEBbrol, ¥, A=Y —RTHIKRTH L, A=V =PI 0 EWE O KSERTICH
FTHDZ EnbhoT-, regioregularity @&\ poly(3-alkylthiophene) i AK Y V7N ) ~— b LT
GRREICEND Z EAMBILTEY % FHEERE L CoIRH %235 2 725413 regioregularity
DEWRT v —DIEIBEFTHD L THRTE D, & ZANTIE TITIEMMEN 1EE< (FEFEMEDME
W& !i%%%ﬂﬂﬁ%:é‘@%f FHIZE LS AFITH D) RIS H 2R Y v —DHBFHI T
L0OT, AWFFETII O FHE L e & OMEEZ LV EEL< H’\T{El ISR R ER U F 47 = /@%
f@ﬁﬁﬂ?ﬁﬂ@f:&b@hﬁf%i‘mé & & 11T regioregularity 238 < D OIEFEME L EN D R U ~— DRI &
1o

AWFFECHARR LT Y ~—% Figure 2.12 127k L7, £7-.PI-AB L O'P1-B & Lhiekt 5 & LT,
INHORY~v—LWtEZ i Uiz, DLETHRR7ZZ X 912, PL-AXENTZKSEEZ R LD T,
2-phenylnaphthalene ##1& 0 #45#% 1 T 3 5 naphthalene <° biphenyl Z 18424 L . 2-phenylnaphthalene
B LIAME PL &Rl —#Ei&E CTH DR U ~—. poly{3-[10-(6-octylnaphthalene-2-yloxy)-decyl]-
thiophene-2,5-diyl} (P3-A, P3-B) . & poly{3-[10-(4 -octylbiphenyl-4-yloxy)-decyl]-thiophene-2,5-diyl}
(P4-A,P4-B) ZHamkLT-, £7- —73“6%1‘7 ES ‘/f)% & 2-phenylnaphthalene #BA7Z & DD AAL—H—

B DOENBIIINEIC G 2 DB ETARDL DI, A=V —RIIRA—THINT 47 = VERICKD
W —CHy,— N —0— 12 o728 9 fﬁi‘%iﬁ“(i@é poly(3-{9-[6-(4-octylphenyl)-naphthalene-2-yloxy]-

nonyloxy}thiophene-2,5-diyl) (P5-A, P5-B) % &k L 7=, P1-A @ 2-phenylnaphthalene $3/7.¢ naphthalene
& benzene D& NE DD EHREEMEIC ED X 5 BN H D D EFH~D 7212, P1 @ naphthalene
& benzene 23 AN o - 7-#1E D poly(3-{10-[4-(6-octyl-2-naphthyl)phenyloxy]-decyl}thiophene-
2,5-diyl) (P6-A, P6-B) #AH L7=, F7-. &V ~— DR D ) Lo isBEE O T 2 A9,
2-phenylnaphthalene H(Z1C 7 » FEH A F T 5 AR Y ~ —poly(3-{10-[2-fluoro-4-(6-octyl-2-naphthyl)-
phenyloxy]-decyl}thiophene-2,5-diyl) (P7-A, P7-B) & IS D RSB 2 T VR VA H T 5
“FEF O R Y < —Poly[3-(10-{6-[4-(4-methylnonyl)phenyl]-naphthalene-2-yloxy}decyl)thiophene-
2,5-diyl] (P8-A, P8-B) & Poly[3-(10-{6-[4-(2-hexyldecyl)phenyl]-naphthalene-2-yloxy}decyl)thiophene-
2,5-diyl] (P9-A, P9-B) %A hk L7=, F£7-. 3{iLiZ 2-phenylnaphthalene #3243 5 F 4 7 = L FHEIK
& 3-alkylthiophene & DILEAIKAZ BIEAIZ L W &Rk L, 3-alkylthiophene D23 CHfiFME% ) T X
Zoi) EYMERRT, 61T, SMOEHEIEN R ~—OYIEICH 2 5% LV LRS-

ZIHUEE 3 DA DIGZENE D K 9 RBEZ R T ONEROMLENH D LEZ, T ILEY
2-(4-octylphenyl)-G-decyIoxynaphthalene (Modell), 2-decyloxy-6-octylnaphthalene (Model3),
4-dodecyloxy-4’-octylbiphynyl (Model4). 2-(4-decyloxyphenyl)-6-octylnaphthalene (Model6).
2-(4-decyloxy-3-fluorophenyl)-6-octylnaphthalene (Model7). 2-decyloxy-6-[4-(4-methylnonyl)phenyl]-
naphthalene (Model8). 2-decyloxy-6-[4-(2-hexyldecyl)phenyl]naphthalene (Model9) % &1k L. # DEZE
L,
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Model6 Q (CH3)7CH3

Figure 2.12 Polymers and model compounds synthesized in this study.

2. 2 MIRLEEE

2. 2. 1 AR

Scheme 1~Scheme 8 |Z A D &R ¥ A, Scheme 9 |ZE / ~— D & & e # % . Scheme

10 12/ LT2R Y ~ —OiiE & G ikiki% . Scheme 11 126 L7 ET /U LAE Y OfEiE & A Rk % R
L7, poly(3-{10-[6-(4- octylphenyl)naphthalene—Z—yIoxy]decyl}th|ophene—2,5—d|yI) (P1-A, P1-B) 13BE#
BUIZRLEBDOLERILAY ~—ThHY, 25 EAEIEK LR ~—DWlk & & kit 5, £
/ ~—2,5-dibromo-3-{10-[6-(4-octylphenyl)naphthalene-2-yloxy]decyl }thiophene (M1),
2,5-dibromo-3-[10-(6-octylnaphthalene-2-yloxy)decyl]thiophene (M3), 2,5-dibromo-3-[10-(4-octyl-
biphenyl-4’-yloxy)decyl]thiophene (M4), 2,5-dibromo-3-{10-[4-(6-octyl-2-naphthyl)phenyloxy]decyl}-
thiophene (M6), 2,5-dibromo-3-{10-[2-fluoro-4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene (M7),
2,5-dibromo-3-(10-{6-[4-(4-methylnonyl)phenyl]naphthalene-2-yloxy}decyl)thiophene (M8),
2,5-dibromo-3-(10-{6-[4-(2-hexyldecyl)phenyl]naphthalene-2-yloxy}decyl)thiophene (M9) %
2,5-dibromo-3-thiophenedecanol (3) & t Kr & %43 % 2-phenylnaphthalene, naphthalene <°
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biphenyl #53& {4 2-hydroxy-6-(4-octylphenyl)naphthalene (7), 2-hydroxy-6-octylnaphthalene (10),
4-hydroxy-4’-octylbiphenyl (13), 2-(4-hydroxyphenyl)-6-octylnaphthalene (17), 2-(3-fluoro-4-hydroxy-
phenyl)-6-actylnaphthalene (19), 2-[4-(4-methylnonyl)phenyl]-6-hydroxynaphthalene (26),
2-[4-(2-hexyldecyl)phenyl]-6-hydroxynaphthalene (33) & % YCiES s *HIZ L W #EA L THE =, 31X
Kumada-Tamao-Corriu cross coupling® <> N-bromosuccinimide (NBS) % /= R#E ic L v Ak L7=,
7. 10, 13, 17, 19, 26, 333 Friedel-Crafts acylation <> Wolff-Kishner reduction & 7= 13 triethylsilane
Z W8 T ROG , Suzuki-Miyaura cross coupling™ 72 &2 L W A RE L 7=, Williamson 7£12 X ¥
2,5-dibromo-3-(9-bromononyloxy)thiophene (6) & 7 ##%A& LT M5 #157-, E/IZETNEH FIED
J51£. N,N-dimethylformamide (DMF) " bis(1,5-cyclooctadiene)nickel(0) (Ni(cod),) & 2,2’-bipyridyl %
Wz IAREE (A3E) & tetrahydrofuran (THF) H Grignard 33K & [1,3-bis(diphenylphosphino)propane]-
nickel(11) dichloride (Ni(dppp)Cly) & FHW /o #gHAME A S (B1%) 2L ViTo7c, N v —IEHOKE
D A, BITEA 1EZ T, B %I regioregularity &\ poly(3-alkylthiophene) 2455 Z & D T& 5 )5
ECTH 5, ET /MELA Y Modell, Model3, Model4, Model6, Model7, Model8, Model9 1% #1Z 417, 10,
13,17,19, 26,33 D b Kz & 2 HiZ 1-bromodecane % VT Williamson #:1Z L ¥ decyloxy 55 %38 A4
4Lk nE,

Br (CH5)1oOTHP TSA (CH5)1oOH
\,—j Mg, Ni(dppp)CI p
/ \ +Br(CH2)100THP —>2 / \ . / \
S 1 ether/THF s MeOH S
Yield=63% N 3
Yield=43% Yield=73%
(CH3)100H
NBS ]\
> Br s Br
DMF
4
Yield=75%
OMe . OMe  Br(CH,)qOH O(CH,)oBr
NaHSO,
/\ —_— /\ —_— ]\
s THF Br— ~Ng” TBr toluene Br— g~ "Br
5 6
Yield=88% Yield=39%

Scheme 1 Pathways for syntheses of thiophene derivatives 4 and 6.

o)
e

7

Scheme 2 Structure of a 2-phenylnaphthalene derivative 7.
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n-octanoyl chloride O

_ ACls OO (CH,)sCHs
MeO CH.Cl, MeO

8
Yield=58%
H2NNH2 H,0, KOH (CH3);CH3 BBr3 (CH,)7CH3
dlethylene glycol  MeO OO CH2(3|2 HO
Yleld 65% Yield=98%

Scheme 3  Pathways for syntheses of a naphthalene derivative 10.

n-octanoyl chloride

AICl5 o
w9 e w0~
CHCl, (CH,)6CHs

11
Yield=67%
HoNNH, H,O, KOH BBrs
I MeO(CH2)7CH3 — HO(CH2)7CH3
diethylene glycol CH,CI,
12 13
Yield=39% Yield=97%

Scheme 4 Pathways for syntheses of a biphenyl derivative 13.

MeO@B(OH)z

(CF3S80,),0 (CH,),CH 14
pyridine 27CHs  bg(PPhy),, NayCOs
10 —/———» - =
CH,Cl, F3C0O,SO .5 DME/water
Yield=100%
o) . o)
Q (CH3);CH3 CH.Cl Q (CH3);CH3
2Cly
16 17
Yield=73% Yield=96%

Scheme 5 Pathways for syntheses of a 2-phenylnaphthalene derivative 17.

26



E

MeO@B(OH)z
i, ) o
2)7 3 _—

15 EE—

toluene/EtOH/water 18 CH,Cl,
Yield=54%
o )Y
Q (CH3);CH;
19
Yield=94%
Scheme 6 Pathways for syntheses of a 2-phenylnaphthalene derivative 19.
Q sSocl, Q
o Hac(H20)4MC|
20

MeO@ (CH3)4CH3 (CH),CHs

AICIy MeO Et3S|H
e — 0]

CH,Cl, 21 CF3COOH

Yield=93% Yleld—88%
(CH2)4CHs (CH2)4CH3
(CF3S0,),0

BBr3 HO pyridine F3CO2S0

I —_—
CHQC|2 23 CH20|2 24
Yield=90% Yield=93%
MeO O B(OH (CH2)4CH3
o wo()
Pd(PPh3)4, Na2CO3 Q O BBI"3
—
DME/toluene/water CH2C|2
Y|eId 80%
(CH32)4CH;

A0

Yield=95%
Scheme 7  Pathways for syntheses of a 2-phenylnaphthalene derivative 26.
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(CH,),CH . (CH2)7CH3
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—_— 5 IEEE—.

CH,Cl, CF;COOH
28 29

Yield=85% Yield=95%
H3C(H2C)s H3C(H,C)s

. (CHp),CH,  (CFaS0220 (CH),CHy

3 HO pyridine F3;C0O,SO

CH,Cl, CH,Cl,

30 31
Yield=99% Yield=84%
o)
Q B(OH). HsC(HoC)s

H
Pd(PPhs),, Na,COs MeO OQ O (CHo)rCHs g,

— .

DME/toluene/water 22 CH,Cl,
Yield=97%
H3C(H,C)s
HO OQ O (CH,),CHs
33
Yield=95%

Scheme 8 Pathways for syntheses of a 2-phenylnaphthalene derivative 33.
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Scheme 9 Pathways for syntheses of monomers.
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 E—
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Scheme 10 Pathways for syntheses of polythiophene derivatioves.
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K,COg, 1-bromodecane
7 e
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Scheme 11  Pathways for syntheses of model compounds.
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F7-. BIEIZ LV &Rk LT regioregularity DWW U F 47 = ORI AR > T £ F 347
2-phenylnaphthalene i\ 2G4 58 U F4 7 = o OFMEMEZ R E X5 BT,
2,5-dibromo-3-dodecylthiophene (M10) & M1 DT v A L aR ) ~—% BiEZ LV Ak L7z, KL
IABEVEIT 100, 101, 1:3, 15 TIT o 72, b 7eRN Y v~ — & SUSMABE VT KV Prg, Pry, Py,
Pis &t 95, MILOKERY ~—THD PpylZPL-B ER—THDH, Zb &l 2BIIEE
Po1 & 95,

1 Feed ratio
' M10:M1
(CH2)11CH3 . 1.0 Py
MethodB : 10,

T (CH3)100 O fo1 Pq.q!
1) LiCl, iPrMgCl A\ Q O (CH2);CH; ' 1.3 Pyg!

M10 + M1 2) Ni(dppp)Cl, S S | 15  Pys :
THF 01 Pogq

Scheme 12  Pathways for syntheses of polythiophene randomcopolymers.

2. 2. 2 —0IME

- RERY ~—DOFEfENE

AJEIZEVESTZR U ~—1X4 T chloroform <° THF 12 L < IEfiE L=, BIEIC L v b 7-R
U~ — I XEfRPEDOEN S O < | K P1-B, P4-B, P5-B, P6-B 13 100 °C LA (T HNER L 7= & i silA
. (chlorobenzene, o-dichlorobenzene (ODB)) (ZD AR L7T-, P3-B <> P7-B, P8-B (3#is (61°C)
& THENL 7= chloroform (Z1Af# L 7=, P9-B IXH 1A C chloroform (2 L < i L7=, BIEIZ XV EAL
AR ~—X ALY EAS LR Y ~—X Y regioregularity 73\ 0 TRISHE H L DO N ARFEE
AN NS, BHOIEmERERFH W E TEEND, TOTH BIEIZEIVEA LAY v—TILA
EO S O & Helgs U T ESHORIE MRS F 8 OISR O AAE 2R BT R & < | AHRIRIEEA~ DR
HEMETFLI=bDEEXLND, IHNT LI VEEDITH 5 poly(3-alkylthiophene) DI5A 1%,
BDOF 28 hexyl LLETHIIT regioregularity DR Y ~—Thh > THIRIET 5 %, SO R
UL octyl LED T X NVIETH D Z L EB 20D & IHOWEIE E O LOMEERNE
MR T ORERERE>TNDHEEX B XD, AIEHD A V7 F7s 2-phenylnaphthalene L ¥ %
/& naphthalene <° biphenyl Td % P3-B, P4-B THIRMMEIME T L7-D T, ndbBREBAIT/NE
< THEWMMEIRTIZ OB > TLE I B2 HILDH, —J7, 2-phenylnaphthalene 12 7 v FH %
HT 25 PI-BIX7 v RIED/2\P6-B LV HEfiREs m b L, #h Uiz L7 chloroform (2 & % 2%
IR U=, FAEAVER DR 2-phenylnaphthalene FRALIC SIAKEESE O & 2 BEHFE A AT 5 2 & 1XIE7
P\ BICERITH D ERBREND, PN DH DT IR VIEAMEEICEAT S Z LT, &R
DT OB E RO D T-DIZHEFICESHOOND FETHY , B0 dH b7 VX LEE SO
P8-B & P9-B % P1-B XV &I M L L7z, F7lZ, BRWE v e b oM 2 H A L7z P9-B 1%
HRO chloroform (Zxt L C b AV MR 2 56480 L 7=, B0 0 /NS P8-B 13 P9-B L 0 & IAfi#
PEDMEN G DD, MEVL 7= chloroform ISR SE 5 2 LN TE /=,
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- T UK AR v —OWEMENE

Figure 2.131% 7 > ¥ 4 @R U =—1.0 mg % 1.0 ml @ chloroform (2 S 72D FHTH 2,
P10, P11, P13, Prs, Po [XIAART 5 E A DIRIR & 725, 3-dodecylthiophene DFRER U ~—Th D
ProlZFIR TR BT 203, Po 1360 °C ITMEA L THIERITITEEM L 72N, Pry, Prg, Pos 13X
3-alkylthiophene DEIE 73 < 72 5 1F EVFRIEN M E L, Pus & Pusld#4L24 60°C, 40° CYAfiE L
72, 3-alkylthiophene & 2-phenylnaphthalene .2 H T 5 F A4 7 = > DN 1.1 Th 5 Py IX=E T
Wi X% 2 &3 T& 7=, 2-phenylnaphthalene 372 H 7 5 F 4 7 = L& K% 3-alkylthiophene &
HEAL S5 Z LI regioregularity 235 < . 2-phenylnaphthalene §i.Z A9 2R U F4 7 = kil
ROBFREIRBE~DOVREVEZ 7] E S 57202 BTH D = RSNz,

rt 40 °C 50RCHENNS
P S D D
P - & &

e Py

P - - -
. L L I

Figure 2.13 Pictures of polymer solutions 1.0 mg/ 1.0 ml in chloroform.

« IREAR U ~—0 regioregularity

B LTZRER Y ~—d regioregularity % *H NMR 227 hLs B8 H L7z, Figure 2.14 (Z¥E
KLUZHNMR 227 bbb P3ZflL LR Y ~—Dfb2Ed& % <9, Poly(3-alkylthiophene) ?
regioregularity 1%, T4 7 = VERICHERE L T D AF L (Figure 2.14 ® A) @ '"HNMR A~ |k
NNHLHEHTE S, ZOAFLUEDr I 7 A H-T (2.8 ppm, Figure 2.14 TIIRE TR L
72) & H-H (258ppm, HET/RLTZ) TERARL>XZLEND, T —7 mHENOREET D,
P3-A, P3-B, P4-B, P7-A, P7-B, P8-A, P8-B, P9-A, P9-B |% CDCl; H 600MHz TD A~X7 kL) P6-A
< CDCl3 # 400MHz TPD A7 kL5, P5-B i chlorobenzene-ds # 600MHz THD A2 K LG
RKDT-, AWFIETER LA U ~—X Z OFEIRIC Figure 2.14 TB SR LTALED A F L HkO
—7 (Figure 2.14 TIIRHITR L) DERLHS>TLESTWVDLDT, AF L BDAHGmE72ELS|
ST LICEVEHLE, RY ~—0iic L0 20 R 508, BETeia 2.65-2.90 ppm % H-T fEA
HkEBZXTHAE L, ADMENBRETHD PS-BIZOWTHREBEZ, 747 = VERICR bITW
AF VL HEHRRD AR FVinBEE LT, Z ORI R % Table 21 12”7, 724, PA-A D
regioregularity 1% B OALE H K DRy & DBENREECTH - - 7-0HHTE oz,
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] ]
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Figure 2.14 'H NMR spectra of polymers in the range of 2.2-3.0 ppm. Signals from methylene B were
indicated by arrows.

Table 2.1 Regioregularities of polymers estimated by ‘HNMR spectra.

Polymer Regioregularity (%) Polymer Regioregularity (%)

P1-A 30° P1-B 88
P3-A 29° P3-B 98
P4-A P4-B 90°
P5-A 23 P5-B 86°
P6-A 28° P6-B

P7-A 32° P7-B 91
P8-A 32° P8-B 98
P9-A 27° P9-B 92°

& Contributions of terminal groups were not considered.
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AJEIZE W EA LAY ~—Z4 7T regioregularity 73 30%m1#% CTH Y, BIEICLVES LR

Y ~—® regioregularity | 86%LL I & mro7c, RY ~v—RiGEH LD A F L AT HHBERDO LD
LV EBSICcE—27 2525 ® 0T, ARSI LT regioregularity 275325 &, X0 IEMEZME
EREMTH2IENTE D, L, AIBICEVEA LAY v—& | P4-B, P5-B, P9-B TiLsHA
KT o 7272 ORI 3k &2 H-H H3RICE O 7= R0l B regioregularity ZH H L7=, D729
ZNHORY v —TIEEBELY bOVMESFHREINTWD EE X LND, F1o, IBENME <, THF
HCOERAEDOBETR) =P L TLE-7=b 0 (=& 213 P1-B, P4-B, P5-B, P7-B) TiX
regioregularity 23 Wi S U5 ME (95%LL ) KU HiRWMEM I H 5, BIEIZ X H2EA TIE, EEH
AT D dimer (T4 T TT S TH D X O THXBIREEALO % 523K & < 72 0 | regioregularity
MHEVEL LR bDEEZBND,

s RERY~—Do &

THE ZBEifHE L, AU AT L o2 FE%E L L7z Gel Permeation Chromatography (GPC)(Z & v |
ELIERERY v — 018 (M), EEFES & (M) SHE (MWMy) . My 52 53R
TEAE (dp). AU ~—0OEMIESL Table 2.2 12 F & o7z, IEFEDIENR Y < — X A[FEH D AH]
ELZ, ABICEVEALERY ~—00 181X 6~12kgmol* T “8%07‘:0 BILICLVWEALLR
U~—IL75~2Tkgmol* TH v | IEMEIEDOE O PI-B 134 F& - EAERICKbEN-T2, EAIT
THF Ziit e L, |l TIT-> Tk Y., PI-BLUANADEL S DRI ~—Tid mﬁﬁﬂﬁtﬁ#éﬁé%bﬁ
Bletsnic, RN ~—DFEfEZE D, FriiZ T ERmnice /) ~—NEE I, ®OFEONR
UV~—NG65 2 EDRRINT,

Table 2.2 Polymerization results.

Polymer M, @ M,, 2 M,/M,, dp® Solubility ©
/kg mol™ /kg mol™
P1-A 8.43 13.2 1.62 15.3 @)
P1-B X
P3-A 10.2 19.3 1.90 21.3 O
P3-B 13.6 17.4 1.28 28.5 A
P4-A 6.37 12.0 1.89 12.7 O
P4-B 12.4 15.9 1.28 24.7 X
P5-A 6.50 8.60 1.32 11.7 O
P5-B 7.50 8.40 1.12 13.5 X
P6-A 9.98 15.6 1.57 18.1 O
P6-B X
P7-A 5.94 7.29 1.23 10.4 @)
P7-B 13.3 16.5 1.24 23.4 A
P8-A 11.5 19.5 1.70 19.8 @)
P8-B 18.5 26.0 1.41 31.9 A
P9-A 11.2 71.9 6.42 16.8 @)
P9-B 27.4 35.2 1.28 41.2 @)

2 Determined by GPC calibrated with polystyrene standards using THF as an eluent. ® Number-average
degree of polymerization. © O: Soluble in chloroform at room temperature. /\: Soluble in hot chloroform.
X Soluble in hot solvent (>100 °C)
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« AR Y~ —DOfEREL, 57, regioregularity
T H DR Y < — Py, P, Prs ® M10:M1 O L2 "TH NMR 227 R Lic X 0 sRed7z,
Figure 2.15 IZR U =—® HNMR A7 hL L5 1R 2R LTz, IO B & F DA FLEREO
— 7 XMW DT )~ =@ T HEALTH Y . D 1% 2-phenylnaphthalene $30L% A9 5 M1 IZDIAF
ETHE—7ThHhD, ZODRI ~v—2KIZEDD ML OFIGIE, B L FHk, DHkor—2
DFETEE ZNEN I, o & T DL
M1 I,/2
M1+ M10  Ig.p/3
TROOND, ZOHEEZRANTaR) v—HDOF ) ~—OMRtLEZ RO, TORRE
regioregularity, GPC {2 & Y k7= My, My, My/M,. dp % Table 2.3 I % & 7=, Regioregularity i
RERY ~— L [FEEDITIET Figure 215 DA L COAF L UHFKOE -7 IZHEET S Z 9: )
KD, iz, EHE dp IZECEH S T8N D, ROTEFRV ~v—HOE )~ — ORI BFHE L
o=y My f&EZFRTHZ LI VRO (OF D, AIBHORIEIZ) ) b%ff?‘ﬁ7:/£“"
DO EFT), BEIRVED Poy LISMIWTHORY ~— ., 10kgmol* UL EOE S FEARY ~—Th-o
7=, Regioregularity & ¥EAMED Py ZFRUV)NT 92%LL ETH D | 3-alkylthiophene & 3 fiZiZ
2-phenylnaphthalene #2935 F 4 7 = &= L EHA(L L TS regioregularity D\ WA Y ~— 2455
ZENTER, R ~—OEBEORERIIL Py, Prg, Prs TENEHL 111, 1:34, 149 THY | EA
fAAE ERRZERFA TR K —E L7z, 2, ML OEH#HILN M10 & il U TR E 2 K & WIZ
LMD BT, ML & M10 OEASFEOEHENIZIER—TH D Z L2 R8T 5, WThd 3O’
i alkyl THHTZHEEZHIND,

Table 2.3 Molecular weights, composition ratios, and regioregularities of the polymers.

Polymer M, ? M, Mu/M, @ dp® Composition ratio®  Regioregularity
/kgmol™  /kg mol™ M10:M1 (%)

Pio 11.0 14.8 1.34 43.9 1:0 97

P11 17.9 21.8 1.22 42.1 1:11 97

P13 15.9 21.0 1.32 33.0 1:34 96

Pis 16.5 23.4 1.26 37.0 1:4.9 92

Pou 0:1 88

? Determined by GPC calibrated with polystyrene standards using THF as an eluent. ® Number-average
degree of polymerization. ¢ Estimated by *H NMR spectra.
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2. 2. 3 JErE
c BT LAY L RERY ~— OIS

ET AWM LR Y ~—OJFRIME Z 88T (UV-vis) RN A7 hov &t (PL) AR
7 RMVZ XV F~T-, Table 2.4 (2458 U ~ — OEHIREE & FEIRKBETORY F4 7 = o FEHEBALO
- BB R ORI & #ot v — 7 R A5 Lo, @A~ MVITFE RSN B — 2 3 & bk
LTHIE L, £ OMBREIEOM R THtE L THHE— 7 RS ANT MLVOTBIRPE LIRNT &
Z e b=, Figure 2.16 |ZF 7 MLEW D chloroform ¥iE H1 & B AIRBEDWRIL 2~ kL &t &
XY MER LT, BT IULEMOWILART FLERY <w—DRIINARY MLV EIIRT 5 Z LI
E 0 EEAMEI O R Z RIS H R O T 0 | LN ORISR ORFE A < LT
5L N oln, AR OWIIEIR Y F 47 = U HRORINTH Y, BATEICL D K& < B
> T2, fBil& LT Figure 2.17 (2 P9-A 1 £ U P9-B DIATRINHE & LR IE COWIL AT kL&
7~ L7z, Figure 2.18 (2 P9-A 15 L TN P9-B DIAEHIRAE & HBLIRIE COWMM AT bV Z R LT, &
TIRBETLLIR T 5 & . P9-A 1L 394 nm IZWIL B — 2 Z 8 > TWADITxE L, P9-B X 456 nm Tk -
72o PO-AIZHERBITY 399 nm & WIRIRIE & Lt L CTh T 75 5 nm LNEERBE) L 72> 72 DIk}
L. P9-Bi%554nm &, 98 nm BB E L7, Z i regioregularity DZEIZ L2 b D EEZ B,
poly(3-alkylthiophene) & [FI%E regioregularity d @R U ~— X EHOIFEIEN L0 &< Fohdkk
RH#IETHZENTE D720 E%E 2 7=, Figure 2.18 12 P9-A & P9-B DIRWIRAE K ONEIRLIRBE T D1t
WA MVER LT, SHEART MV BRINANY MLFEER, ATBICE VAR LAY ~—L B
FBIZEVAR LR ~—TIIREL B>,

Table 2.4  Optical properties of the polymers.

Polymer UV-ViS Amax /NM 2 PL Amax /NmM @ E,
Solution Film® Solution Film® leV "

P1-A 387°¢ 387 541° 559 2.64
P1-B 444° 509 585 ¢ 720 1.92
P3-A 387° 393 543° 554 2.62
P3-B 448° 522 578° 716 1.94
P4-A 348° 348 518° 534 2.78
P4-B 450° 515 578° 718 2.33
P5-A 418° 458 540 ° - 1.92
P5-B 552¢ 595 708° - 1.60
P6-A 394° 394 546 ° 556 2.59
P6-B 439° 495 584 ¢ 717 1.97
P7-A 363° 364 533° 547 2.66
P7-B 449° 527 580° 714 1.96
P8-A 396° 399 552° 565 2.57
P8-B 452° 519 580° 724 1.93
P9-A 394° 399 545°¢ 568 2.56
P9-B 456° 554 580° 714 1.95

BUV-ViS Amax and PL Ay due to m-* transition of thiophene backbone. ®Calculated from absorption edge
of the films.  “In chloroform.  “In o-dichlorobenzene. °Drop-casted films on a quartz plate.
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Figure 2.16 Absorption (solid line) and
emission (dashed line) spectra of model
compounds in chloroform (black) and solid
state (red).
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Figure 2.17  UV-vis absorption spectra of
P9-A (black) and P9-B (red) in chloroform
(solid line) and films (dashed line).
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Figure 2.18 PL emission spectra of P9-A in
chloroform excited at 394 nm (black solid

line) , P9-A in film state excited at 399 nm
(bladk dashed line), P9-B in chloroform excited
at 456 nm (red solid line), and P9-B in film
state excited at 580 nm (red dashed line).

T TFA T = VRO INIATEBERENES LIBED PS (IMORY ~— L (282 > 72 -
WO EN 2R L7z, Figure 2.19 (2 P1-B & P5-B O MFLIRRE TOWIL A~ ML Z R L7TZ, P5-B D
RYF A7 = FHHBRORIH AR R1X595nm &, P1-B?D509nm LV K< ERES 7 FL
7= poly(3-alkoxythiophene) D& 5 & [EEE DKM %2R~ L=,
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Figure 2.19 UV-vis absorption spectra of P1-B (black) and P5-B (red) films.

- 3RV = —DNFHIEE

Figure 2.20 3 X OV Figure 2.21 (27 > # 5 27K U = —Py, Py, Prg, Pys, Poa DIRIEIRAER L OVE
BERREDIL ALY V&R Uz, ERCIRRE TIZ 3R TR U ~—23 regioregularity @ &\
poly(3-alkylthiophene) D T & % 450 nm T DOWIN B — 27 Zox LTz, HBERIREETH 2T
regioregularity @ &\ poly(3-alkylthiophene) DF§#i z 7~ L7273, 8412 2-phenylnaphthalene & 2 A
9% Py, Pra, Prs, Poa I3 M10 ODFRERY v—TH D P LV IR — 7 ERIFEHRETH- 7,
FEELIR BE TR IR RS E D K & 732 2-phenylnaphthalene FRAZ723 T D ko m BT E 5 L ogh
REYp Ry X T HEEEFELTND EEZOLND, TN OFE LWL « 40t e — 27 R 13 Table 2.5
IZE & Tz,

I I I I I I
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Figure 2.20 UV-vis absorption spectra of Py
(black), Py.; (red), and P13 (blue) in
chloroform, and Py.5 (green), and Pg.;
in o-dichlorobenzene.

(orange)

Wavelength /nm
Figure 2.21 UV-vis absorption spectra of

drop-cast films of Py, (black), P11 (red), Py
(blue), P15 (green), and Py.; (orange).
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Table 2.5 Optical properties of the copolymers.

Polymer UV-ViS Amax /NM 2 PL Amax /nmM 2 E,
Solution Film?® Solution Film¢ eV ®

Pio 445° 527,553 579° 727 1.94
P11 451° 512 580° 692 1.95
Pis 447° 494 580° 628 1.95
Pis 451° 511 588° 714 1.96
Po 444° 509 585° 720 1.95

qUV-Vis Amax and PL Apay due to m-n* transition of thiophene backbone. ®In chloroform.  CIn
o-dichlorobenzene. “Drop-casted films on a quartz plate. °Calculated from absorption edge of the films.

2. 2. 4 BWMEE

- BT LAY OEIMEE

F. BT LAY OB & P17, Figure 2.22 1XE T /UALAEM O 7L = K T 10 °C mint
TORAEFEHZE (Differential Scanning Calorimetry, DSC) HIEfE 5 CTd> 5, WEORE R & ORZ
{EITW B R BN R 1 5 O T, WE ORI ZFE 2R 55412 DSC JIEITFZ CTh 5, Modeld %
b =T MLEWIIEB ORI — 7 Z2m LT=O T, i B O FRFENFEET S Z EDRE I
%y Ry N7 L— MR O CEEMEEBILL 2 T CHIEERB 28 OBIEL 21T - - #5 . Model3 % %
KT RTOET WMEEY THRBFIZRA OJLFEERD A DN IO T, 26 I3RS EEZ =T LEY
Th D LRI,

H.\ T benzene & naphthalene 28 AUV > - 72 X 9 7efii& T % D Modell & Model6 (22T
T4 —H—F AWNTYH U T VREE FRESE2RDS XFREYT (XRD) HIEEITH Z &Ik
D, X VFEL < MR EE) 2 87 (Figure 2.23, Figure 2.24) , KT OIEEITt — ¥ — DR EIRE T
bV, EEOY U TVREXYERTH D, F7z. Figure 2.23 ® 20=8.9° O [EH &*— 7 [ LT EHE H
KDL DTH %, Figure 2.23 D 150 °C (35S HEIRARFAICH Y L, 25°C I3 autBICH Y T2, D
R IXZ I F 1 DSC TD 4 SDOFE L — 7 OO PRIARICHYS 5 (b o &b IR O
WHIRIEERE A L <, Mt oPfRkEThs EEXDHND,), 130°C, 105°C, 86 °C 14T A
AT F v JHOFHE T o D JERRICH S 3 28V ET E— 7 2NN A DN DD TARA T F
I E IR CTH D EbhoT, 20=20° fFHilT & A5 &, 130°C (X7 2 — K720 T SmA
FHTH Y., 105°C 1% 20=19.5° (d=4.8 A)lZH W E— 7 RN —AKHNTNWDHDT, 10 FELEEZ DD
HTSMBHETH D LIFRE LT, i bIKIRMAOFREFEIX XRD TiXido &V LIRE TE o723,
R CHMERBE L O T EMTH S & mE L7z (Figure 2.25), [FIERIZ, Model6 D REIEIEFE £ SmA,
SmB, E & JftJE L7, Modell & Model6 [ZELAL 5 HREIFHIZIE—TdH 523, Modell (FH-1EIEFE & G
RO FHEER LB AMELE > TV D D2 L, Model6 (X EEFR Tl 3 fE o T2 B 5 235
IR FE Tld 3 ORI A FIRFIZ R 2 2 TR > Tz, E72. Figure 2.23 & Figure 2.24 ® X
BRIEIPTHIERE SR & . DSC HIE 5 5T Model6 X Modell & Frifiz U CRIEIRFED E AHD G ShFE~D
FIZB T L E =N RKREWZ E005  Model6 DIE 5 28 Modell L 0 HAKIE D E A1 B FEALAH~
DR DFED 5 FRFIREE DELDR R E N ENREIND,
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Figure 2.22 DSC thermograms of model liquid crystals in the second sweeps with a scan rate of 10 °C
P
min™.



130 °C

Intensity (a. u.)

B X 1/4 1

25°C

10 20 30
20/ °

Figure 2.23 Temperature-dependent XRD
patterns of Modell at several preset
temperatures of heater in the cooling step; these
spectra correspond to I, SmA, SmB, E, and Cr
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Figure 2.24 Temperature-dependent XRD
patterns of Model6 at several preset temperatures
of heater in the cooling step; these spectra
correspond to I, SmA, SmB, E, and Cr

Figure 2.25 POM images of Modell at 125 °C (left) and 72 °C (right) in the cooling process.
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7 v FRIEOBH D Model7 & 720 Model6 & Z i3 25 & FIRIEFE CTOSSHH~DOFEEE IR
MNZIEI130°C £ 100°C TH D7 &, 7 v FILD B 5 Model7 ITFHEBIEEE S 2R EIAK - 72,
F7-. XRD HIELCRCHEMEEEZC L 5 L. Modelé TR S 72K 9 72 X 0 #ssaA I m L P R
BB T= (Figure 2 26),

125 °C]|

Intensity (a. u.)

Figure 2.26 Temperature-dependent XRD patterns of Model7 at several preset temperatures of heater
in the cooling step (left) and POM image of Model 7 at 71 °C under cooling process (right).

- R = —DBEMHE

R~ —OEEFE S DSC O MBS BIZRIC L 0 i~70, (RtBRMEEEEIc L5 &, P6-A T
1% PL-A & FIRRIC IR um (2 F TIRN D KR E 22¥dh R A A UG- (Figure 2.27), DSC &
FERGELIEFILE -T2 OTHY . & HIZHIRIEFR - FIRIEBRE T 2 DOWRALE —7 BAH LI
770 P1-A 35 L O P6-A OAREERE 284 Table 2.6 IZF & 7=, EAHT- Y OB Z L E—I2%
BFEVREREN ST, FHET 5ET /LAY Modell & Model6 DOFHERRE 2B 1L AN 7R
STWZIZH 0 5T, P1-A & P6-A OHEEBRZEBENIIFFIC L LTV, 2k, AU ~—T
I 2-phenylnaphthalene #0713 F 4 7 = SNTHE DWW TN TAIZ AFEE S TWDR, BEV S IR Y
~—DRAIE L EDCANFIRICR D Z LIk SmMARREENERR SN D &, RY F47 = ioxt
THREDORENRHTH->TH, [A L SmALKREDNER S D79 &F % 7= (Figure 2.28) , X #r[H]
Pk B2 LAY ~— 2% H5HETNAL, AT AHZETHITRAEBIEER) v~—#
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% %I T XRD JIEEIT- THNT T2 Z LIC K0\ ZNDAKFF S DR R 15 57z (Figure 2.29)
P1-A & P6-A X, SMA NSO T AT A EMZRRE LTI T A+ 50D T, 7 =—/1
HBORY ~—HEEX EAHOBSNRAE TH - 7=,
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Figure 2.27 DSC thermograms of P1-A and P6-A in the second sweeps with a scan rate of 10 °C min’
(left) and POM image of P6-A at 139 °C in the cooling process.

Table 2.6 Phase identification, transition temperatures, and enthalpies of phase transitions of the

polymers®®.
Polymer Transition temperature (°C) (AH (ki mol ™) [Jg™]) ¢
Heating process Cooling process
P1-A G E 143 (11.0[19.9]) SmA 157 (9.23[16.7]) | 1151 (-9.62 [-17.4]) SmA 132 (—9.01[-16.3])
EG
P6-A G E 134 (9.56[17.3]) SmA 161 (9.51[17.2]) | 1151 (-9.95[-18.0]) SmA 124 (— 7.52[-13.6])
EG

®Abbreviations: Cr: crystal, G: glass state, SmA, SmB: smectic A, smectic B, E: crystal E, I: isotropic liquid.
®Liquid crystalline phases were determined by DSC, POM, and XRD. ‘Determined from second DSC traces
at a scan rate of 10°C min™. The AH (kJ mol™) for the polymers were determined from molecular weight (g
(molar unit) ™) x AH (1 g™).
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Figure 2.29 XRD patterns of pristine and
annealed films of P1-A and P6-A measured at
room temperature.

Figure 2.28 Models of polymers in
SmAL and E phases.

P6-A DIENNZ, PT-A bk R A A DJIRN O LT WK mEZ 7~ L7z (Figure 2.30), & Z A28,
ZDIENPOR Y ~— TR RIS S 37 ROCBAMEERIZE C LW RIR O PR O B3 Bl =
iz, P3BLOPY Tk BlE S iroT,

Figure 2.30 POM image of P7-A annealed film.

USRI SR ME R U F 4 7 = v D FEEL & 4y - RIFE AR

INOOFRERNS | MR Y FH 7 = 2 EBT 51D DR ARG Uic, antEz £33
L7l FHEHMESMSEE O ST MHE B/ EH O 72 N LETH 5, A, AEICEY ., £
$H 723 regioregularity 73 30%FEEDRY T4 7 2 THY, THATF L2 DAR—H—%4 L THIEH
W 2 ORI A2 AT HBREEMER Y F 47 = 2 W ONERR LT, & 2 —H — D
ERFE—THY ., £TT MMEEH DL S SMA 55T PEIRIR~DAEES & ¥ 72D T, DSC
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HECEvESNT SmMA—Iso fHEERE = X L= by FRIFEERHORE 2 PHT5 2 L0
TELHEERT, SMA-Iso iIEBE 2 H T 2% T MELEW OB = 2 Ve — %510 LR %
Table 2.7 I F & 72, AEBICEI WV EAZIToR Y ~—0N B WK 27~ L 72 Modell, Model6,
Model7 1%, FREE = Z /L E'—DfEN 6.8~10 ki mol * T - 7= DIt L, B AR S FE &2 7R S 72270
<72 Model4 1%, 16.1 k] mol™ &m0 - 72, SRS Y 5 LOMEERANETE 27201 kv
REtEE RS oo EZBRD,

Table 2.7 Phase transition enthalpies of the model compounds.

Compounds MW? Tsmatso” AH® AH®

/g mol™ /°C /mJ mg™ /kJ mol™
Modell 472.74 127 21.4 10.1
Model4 422.69 86 38.1 16.1
Model6 472.74 128 19.0 9.00
Model7 490.73 100 13.8 6.77

? Molecular weight. ® Transition temperatures from SmA to Isotropic phase. ¢ Determined from DSC
thermograms. ¢ Calculated from AH /mJ mg™ and MW.

2. 3 fEiim

UL b i85 2-phenylnaphthalene 735 /A< biphenyl, naphthalene F5E (k2 A+ 5 R F4 7 =
rRExGR L, ZOMWELZTA~T-, EEEIITLARE (AL & regioregularity O &y
poly(3-alkylthiophene) 7345 C & % Ni fililit 2 W 7dgiiE A S (BiE) o _fEA Ao, Bk
WWEVEALER) =T ABCIVEAS LR ~—X 0 b EHEARORIINIERETHY . A
BV I~ DV DMV ME T 23 8 - 72,

1E'J£EZ%ME75§ biphenyl <> naphthalene @ P2-A. P3-A & 2-phenylnaphthalene O 7R U ~— & % g4

. AIEHHERALAS 2-phenylnaphthalene T % P1-A X° P6-A M3 & AR 72 ik S Al 2 F8 51 L 7=,
2- phenylnaphthalene RS IMSBERIG AR Y FF 7 2 OEBRICE THH L Wi 5,

IEE D EHEES alkyl TH D PL & alkoxy Téh 5 P5 # b4 5 L, AEICI D Al SR
U~—, BIEICL D AR ENTRY ~—3HI2 P5 DIF 9 NEHBEKRORIGE ENERE TH - 72,
P5 OEFENT PL LIEE L CARBIRCTH Y . BIRZRIESMEII R E 20 o7,

2-phenylnaphthalene SZIZ 7 v FHAE A L7 P7IX, %95 P6 & bk U CHIGRB IR B DMK
TLliz, 7yREOVEKBEIZLDbDOEEXLND, ZOMAITET MELAEMOLHAE THIFEEET
&o7-, Model7 & Model6 & [AEEA A 7 F v 7tz R L, PT-AIX R A A U DIRH DA AH %
R~ LTz, P7-B OFEMRMEIL P6-B & bl L CToR0m] 1 L, sl E THEL L 7= chloroform 12 & 2 FR LA
RSEDZLINTE T, 7 v RIEONIKREE 2-phenylnaphthalene H5Z E 5 L OFEA/EHA 253572
e EELNND,

WRERVER B3y T VR VB EANT D 2 E RO IRITH -7, L0 EWESD
AT 5 P8-B 1L £ TIEL L 7= chloroform (24 B R VR L, X W E\ 2-hexyldecanoyl %%

47



9% P9-B X MKz A v 7 3 %& T 5 regioregularity O E\ R Y < — 1 THE—  F RO chloroform
W& VMR LTz, Boy 037 v S VTR a I SE Bk U CIEARFINIZ @ & . Model8, Model9 |3 i
FHZ R LTS, PRI Z R S 7eino Tz, K VB v DB P8-A, P8-B I X AR 72 ik fia FH %
w7z,

F7-. E\alkyl 2% 747 % 3-alkylthiophene & 2-phenylnaphthalene #%i& %2 H 3554 7 = &
KL &2 BIECTT U X LIEAMET D2 &b, IO R EICh R TH -T2,

WRERTEE WO B TE XD & ATEDIE O DREMHREBUZEFITH Y . P1-A, P6-A, P7T-A N
HHBR 72 RS FE A 38 BL L 7=, DSC 22 HRO T = Z WV E— 2 HWTEET 5 & o AEE
HBNEECH T2 Z ENE LRI ND, £o, MRS ER T DIRAEETH->TH, RY
FA 7 = OAIBICEA LTS A IR 2 R T SR B 72 o 72, P1-A X° P6-A TZRE 72 kAL
MBI Z L0, BT VXNV IEEHT 5 P8-A X PI-A THIRZRIRALFAN A DLz ino T
Z b, Figure 231 O X 51T, WKEEEDBEY & O @ FOMREEE AN TO X ) IeiEr & 52
ENTEDLT LN, REMHEFEBIINETH DL LR END, BIEICLVES LR v—3nTih
b AR AR 28 2R U, HERBRIRE S |V ME 2 8 - 72,

DR AEERPORY v~ —COREEFEBATREN TR TE L EE X 6N 50, EHOAN
— Y —NER LR v =R EED R DR EZ WL 5EIX, 4B &38R 5 5 EAE
HAPBEANREE 72D L TREINS, BlUC, BIEICL Y EA L7 regioregularity D WA Y F4 7
T UPBAARY =X, WIS AR E R S o To, ESHOIBEEMEN X0 &<
ES LOMEMERNENDO T, ATRICEVESLERY ~— L3RR 50 FIRMAEERHOKRE &)
VETHD ERBEND,

Figure 2.31 Schematic image of side-chain type liquid crystalline polythiophene in mesophases.
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2. 4. 1 JE

GPCIZ LD T EIEIX, R AT LU 2RKHEL L THF 2B 8EifH L L TiT> 72, NMR
7E1X INM-ECS 400 (JEOL) % AT 'H-NMR % 400 MHz, *C-NMR (% 100 MHz 305 &3 4% <
CDClyH, |IRTiTo72, 7272 L. AV ~—® NMR H|E 1L ADVANCE 600 (Bruker) % FW\TATVY,
WEZIE U C iS40 chlorobenzene-ds  CORIE H1T > 72, IR AXZ R LIZFT/IR500 (JASCO).
Nicolet iS5 (Thermo Fisher Scientific) . FT/IR-680Plus (JASCO) % AWTHIE L7z, &40 AR A
~ 7 hUiE U-3500 (Hitachi), UV-3100 PC (Shimadzu). UV-1800 (Shimadzu)z v T, #E A~
/L1 F-4500 (Hitachi) z MW CHIlE L7=, DSC #lJE X EXSTAR DSC 6000 (SII) * 721X EXSTAR
X-DSC 7000 (SI) % T, 10°C min™ D513 CTIT -7z, POM #1£% TH-600PM 7 » h A7
—73 (Linkam) & ECLIPSE E 600 POL (Nikon) & 7zi% ECLIPSE LV 100 (Nikon) % HW\\TiT~-7=,
XRD HI7EIZ 1% RINT 2100 (Rigaku) & X’pert (PANalytical) i/ L. Cu-K 8 (A=1.5414 A) % i
Wiz, CVIEHB-305 777 vayry=rl—4 (Hokuto Denko) & HAL3001 RT3 g A4 v
I (Hokuto Denko) ZfFH L, HE&BMEEM EIZF vy XA N L7277 4 L AIZHOWTHIE Lc, B4exf
fix & ffn A o A LB RERA VS, 0.1 mol dm™ Et,NBF, 2 & ¢e acetonitrile 17, 50 mV s D475 [ #
THIE L7 Enowmo (T LI DL EA3 Y 2 VN, ferrocene/ferrocenium D fR{big LEN. (-4.8 eV)
Z UM L CHEH LT,

2. 4. 2 RHK

Tetrahydrofuran (THF) 137kt b U 7 A2 W T PR L0 BT R o AL & HITEN,
KT DHZ LIz 0 EEIL 7=, N, N-dimethylforamide (DMF) 13E L& = 7 — 3 —7 4A F 72 138K
MgSO, TPz L7 DO BIIERE T 52 LI LR LT, 2 DEKICHW S Et,0 iX CaCl, TF
eI LD BT R AL & HITERT, AT 52 LICL VR L7, Dry CHCL ITiEA LTz
CHClL %Z CaH, £ E HIZEIM LT-OBLERETHZ LIk Wiz, 7272 L. 21, 23, 24, 26, 28, 30, 31, 33
DA dry CH,Cl I3 F1EHIEE T3 BB CH,Cl, % 7 D £ £ L7-, NaHSO, 1%
NaHSO, * H,0 ZJ#/E T 100 °C CHMET 5 Z LIC L W57z, ZOMORESCH T L/ a~ T T 7
4 =MV AT NVETE TR T, BRI, 7747 A7, Aldrich, FIDGHIZETZE,
Merck, Acros Organics D#fn A 2D F FMEH L7z,

2. 4. 3 ARk
2-(10-bromodecyloxy)tetrahydro-2H-pyran (1)
10-Bromodecanol (14.80 g, 62.4 mmol). 3,4-dihydro-2H-pyran (5.86 g, 69.7 mmol). p-toluenesulfonic acid
monohydrate (13 mg, 0.07 mmol) % CH,Cl, (50 ml)#Zhiz., 0°C T25h i L7, KISHEIKE
NaHCOsaq CyEi L. AH%/E % MK Na,SO, TRz L7z, IIRE MR, YV WSV BT L7 a~< K
7' 7 4 — (hexanelethyl acetate, 9:1) TH5HL L, MR 1 2157 (12.58 g, 62.7% yield), 'H-NMR
(400 MHz, CDCl3, 6 ppm): 1.29-1.43 (m, 12H), 1.50-1.61 (m, 6H), 1.69-1.75 (m, 1H), 1.80-1.89 (m, 3H),
3.53-3.42 (m, 3H), 3.47-3.53 (m, 1H), 3.73 (m, 1H), 3.87 (m, 1H), 4.57 (dd, 1H). *C-NMR (100 MHz,
CDCls, 5 ppm): 19.69, 25.48, 26.19, 28.14, 28.72, 29.34, 29.39, 29.42, 29.71, 30.77, 32.80, 34.03, 62.34,
67.65, 98.83.

3-(10-tetrahydro-2H-pyran-2-yloxydecyl)thiophene (2)
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Mg (409 mg, 16.8 mmol)(Z 1 (5.13 g, 15.97 mmol) @ dry Et,O (5 ml) /dry THF (8 ml) A& F L 7=,
—BpEGE L 72 OB SR # A2 OKIIZIR L, dry EtO (14 ml) &
[1,3-bis(diphenylphosphino)propane]nickel(11)chloride (Ni(dppp)Cl,, 38 mg, 0.07 mmol) % S A kI N
Z. & 5T 3-Bromothiophene (1.5 ml, 16.0 mmol) #p~>< VD &x 7=, 24h & L7=DH HClag %
0°C TR Tz, SUSTRHRIE EtO THIH U, A H%E % MK Na,SO, & AV THIME L7z, A, IR L.
YUBTNHT LT a~ k7T T 4 — (CHClyhexane, 3:1) THEHRL U 7=, iR DAk (2.229) %
57= (42.8% yield). *H-NMR (400 MHz, CDCly, & ppm): 1.28-1.84 (m, 23H), 2.62 (t, 1H), 3.38 (m, 1H),
3.50 (m, 1H), 3.73 (m, 1H), 3.87 (m, 1H), 4.58 (t, 1H), 6.91 (d, 1H), 6.93 (d, 1H), 7.28 (dd.1H).

3-thiophenedecanol (3)

2(2.21 g, 6.8 mmol) @ MeOH (20 ml) ¥ #&Z(Z. p-toluenesulfonic acid (pTSA) monohydrate (90 mg, 0.47
mmol) &Nz 7, —HiEHE L7=DH NaHCOzaq Z Mz T L. IRIL CH.ClL, Tt L7, A
PRI IEK NaSO, THEME L, CHCL 2R L LIz U B SN AT hya~ NI 57 4 —EIT0,
#4443 (1.19 g, 73.0% yield) Z457=, 'H-NMR (400 MHz, CDCls, & ppm): 1.29 (br, 12H), 1.58 (m,
4H), 2.62 (t, 2H), 3.64 (t, 2H), 6.91-6.95(m, 2H), 7.23 (dd, 1H). **C-NMR (100 MHz, CDCls, § ppm): 14.10,
22.66, 25.70, 29.30, 29.41, 29.48, 29.56, 30.53, 63.08, 119.73, 125.02, 128.27.

2, 5-dibromo-3-thiophenedecanol (4)

3(0.85 9, 3.62 mmol) @™ DMF (17 ml) ¥&#%(Z N-bromosuccinimide (NBS) (1.50 g, 8.43 mmol) % /il x.
72,220 i L7205 NayS,05aq % USRI 2 . CHyCl, Tl U 7=, AHE)E 12 & 512 NaHCOzaq
KT, HK NaySOy & FHWTCHIE LTz, U BTNV HI T A ma~ 7T 74— (CHLCl) T
FEHL 1L 4 (1.08 g, 75.0% vield) %7457-, *H-NMR (400 MHz, CDCls, § ppm): 1.29 (br, 12H), 1.50-1.60 (m,
4H), 2.50 (t, 2H), 3.64 (t, 2H), 6.77 (s, 1H). **C-NMR (100 MHz, CDCls, & ppm): 25.69, 29.03, 29.29, 29.37,
29.40, 29.42, 29.52, 32.76, 63.04, 107.89, 110.27, 130.92, 142.93.

2, 5-dibromo-3-methoxythiophene (5)

3-methoxythiophene (2.34 g, 20.5 mmol) % THF (40 ml) (ZAfif &8 G E g 2 K IZiE L7z, 10 min
. NBS (7.66g,43.0mmol) Z/llx., X512 1h L7, Na,S;0saq & SUNAHRIZAN %2, CH,Cl,
THitH L7c, A#EILE 512 NaHCOsaq & /K THEE L, MK Na,SO, 2 W TRzl L7z, U5
NHT LT v~ 7T 74— (CHCly/hexane, 1:2) THifL L, 5(4.89 g, 87.6% yield) % 157=,
'"H-NMR (400 MHz, CDCl;, & ppm): 3.86 (s, 3H), 6.79 (s, 1H). **C-NMR (100 MHz, CDCl;, & ppm): 59.35,
89.51, 109.75, 119.75, 154,39.

2,5-dibromo-3-(9-bromononyloxy)thiophene (6)

6 (2.17 g, 7.98 mmol). 9-bromononanol (2.99 g, 13.4 mmol), NaHSO, (0.41 g, 3.4 mmol) % toluene (30 ml)
(Z¥fiR S, Dean-Stark 248 & CaCl, & & #2ft L C 13h fif L7z, /K. CHCL ZMNx THHk L. A7
BB 1T K CUE LD B MK NaySO, 2 W TCHE L=, YU BFND T hra~ T T 7 ¢
— (hexane) THEML L 7= #% 5. 5-bromo-3-(9-bromononyloxy)thiophene 23/ A L TW =728 THF (3 ml)
NBS (0.30g) & & H 2 3h ik L7z, IISIIRIL NaHCOsaq & /K THEF L. K NaySO, & FV THE
BeLTo, UV T T a~ 8757 4— (CHClyhexane, 1:2) THiHL L6 (1.45 g, 39.2% yield)
%4%7-, H-NMR (400 MHz, CDCls, & ppm): 1.23 (br, 6H), 1.44 (m, 4H), 1.73 (m, 2H), 1.86 (m, 2H), 3.41
(t, 2H), 3.99 (t, 2H), 6.76 (s, 1H). *C-NMR (100 MHz, CDCl;, & ppm): 25.69, 28.11, 28.64, 29.12, 29.28,
29.33, 32.78, 34.00, 72.52, 90.55, 109.61, 120.85, 153.80.
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2-hydroxy-6-(4-octylphenyl)naphthalene (7)

BEH ** &[R4k > J715C bromobenzene 7> 5 5 BT A% L 72, 'H-NMR (400 MHz, CDCls, § ppm): 0.89
(t, 3H), 1.28 (br, 10H), 1.66 (m, 2H), 2.66 (t, 2H), 5.04 (s, 1H), 7.12 (dd, 1H), 7.17 (d, 1H), 7.28 (d, 2H),
7.61 (d, 2H), 7.68-7.75 (m, 2H), 7.80 (d, 1H), 7.96 (s, 1H). *C-NMR (100 MHz, CDCls, & ppm): 14.11,
22.67, 29.27, 29.38, 29.50, 31.53, 31.89, 35.63, 109.29, 118.09, 125.36, 126.25, 126.77, 127.02, 128.89,
129.18, 130.09, 133.61, 136.40, 138.42, 141.99, 153.39.

2-methoxy-6-octanoylnaphthalene (8)

AICl; (13.32 g, 99.90 mmol) % dry CH,Cl, (300 ml) H CHi#: L. R\ TRISIEIKIZ n-octanoyl chloride
(10.0 ml, 58.4 mmo) Z ¥ L CE BIZ Lh B LT-, MUGAEZREZ-10°CIZHEIL .
2-methoxynaphthalene (9.26 g, 58.5 mmol) # S SIRAWNTINZ 7o, FOSTEIRITIR 2 IZHIRIZE L7220
O, Lhif#r Lz, WIRICKZMATHEB L, A#EZ 5K L=, A#E1X HClag & water THEF
L. 7Kk Na,SO, THaME U7=, MRS hexane 7> 5 OFFEGIC X W ERLZ4TV, 9.54 g D[
k%157 (57.7% yield), 'H-NMR (400 MHz, CDCls, 5 ppm): 0.89 (t, 3H), 1.30-1.44 (m, 8H), 1.79 (m, 2H),
3.07 (t, 2H), 3.95 (s, 3H), 7.16 (d, 1H), 7.20 (dd, 1H), 7.77 (d, 1H), 7.85 (d, 1H), 8.01 (dd, 1H), 8.40 (d, 1H).
BC-NMR (100 MHz, CDCls3, 8 ppm): 14.09, 22.63, 24.65, 29.18, 29.41, 31.73, 38.54, 55.40, 105.68, 119.64,
124.71, 127.05, 127.85, 129.49, 131.09, 132.50, 137.15, 159.62.

2-methoxy-6-octylnaphthalene (9)
8 (11.59 g, 40.75 mmol) . hydrazine monohydrate (30 ml). diethylene glycol (50 ml) % 180°C T 2h &
RL7ZDOb, KIGATIZ KOH (1256 g) %1% T 220°C T& 5|2 24h i L7-, SUSIANRRIZ water
& CHClL M A THHR Uiz, AREEIT/KTHGE L, K Na,SO, TRz L7z, MAEKMIZT Y 7
NEAWEA T L7 a~ 7T 74— (CHCly/hexane, 1:1) & EtOH 75 O fFfEsIC L VBRI L 7=
(colorless solid 7.15 g, 64.9% yield) ., H-NMR (400 MHz, CDCls, & ppm): 0.87 (t, 3H), 1.26-1.34 (m,
10H), 1.68 (m, 2H), 2.72 (t, 2H), 3.90 (s, 3H), 7.10 (s, 1H), 7.12 (d, 1H), 7.29 (dd, 1H), 7.53 (s, 1H),
7.64-7.68 (m, 2H). *C-NMR (100 MHz, CDCls, 8 ppm): 14.10, 22.66, 29.27, 29.34, 29.51, 31.48, 31.88,
35.90, 55.25, 105.59, 118.52, 126.11, 126.56, 127.92, 128.85, 129.08, 132.83, 138.13, 157.01.

2-hydroxy-6-octylnaphthalene (10)

EHRBEH LI RUSEZRT dry CH,Cl, (250 ml) & 9 (6.77 g, 25.0 mmol) %z, JKIBIZIE L7z, BBrs
Vi (LOMin CH,Cl, 51 ml) %3 T L. i Fo8 T2/ CaCly & 4 28 L TR A 1R 2 (ZEIRIC R
L7z, K, DL, ArfE A2 K THed L, MK Na,SO, THIME L 72, Hexane 72> 6 OF#EAHIC
FORRIL, MOk (6.279,97.7% vield) #4357, 'H-NMR (400 MHz, CDCls, § ppm): 0.88 (t, 3H),
1.27 (br, 10H), 1.67 (m, 2H), 2.72 (t, 2H), 4.94 (s, 1H), 7.06 (dd, 1H), 7.11 (d, 1H), 7.28 (dd, 1H), 7.53 (s,
1H), 7.60 (d, 1H), 7.68 (d, 1H). **C-NMR (100 MHz, CDCl;, & ppm): 14.10, 22.65, 29.26, 29.35, 29.50,
31.44, 31.88, 35.91, 109.29, 117.58, 126.16, 126.18, 128.14, 129.08, 129.25, 132.87, 138.16, 152.71.

4-methoxy-4’-octanoylbiphenyl (11)

AICl;3 (2.29 g, 17.2 mmol) % dry CH,Cl, (60 ml) H"C 30 min ff# L. R\ TRIGIAHZIZ n-octanoyl
chloride (1.90 ml, 1.81 mmol) Z M L C & 512 45 min fii# L7z, MISAER %220 °C ([ZmEI L,
4-methoxybiphenyl (2.05 g, 11.1 mmol) # SSEGWINTIN 2 7o, SOSEEIRITR A ICEIRICRE L, 14h
REE LTz, WIRICOKZMMA TR L, AEZ 0 L=, AEIX HClag & water THEF L, K
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Na,SO, Tz L7-, AT hexane/ethyl acetate 7> 5 D AEILIC L W R Z 1TV, 2.30 g DM
[l & % £57= (66.7% yield), 'H-NMR (400 MHz, CDCls, & ppm): 0.89 (t, 3H), 1.25-1.44 (m, 8H), 1.75 (m,
2H), 2.98 (t, 2H), 3.86 (s, 3H), 7.00 (d, 2H), 7.58 (d, 2H), 7.64 (d, 2H), 8.01 (d, 2H). *C-NMR (100 MHz,
CDCl;, & ppm): 14.07, 22.62, 24.51, 29.16, 29.38, 31.71, 38.63, 55.37, 114.38, 126.59, 128.33, 128.68,
132.33, 135.21, 145.11, 159.85, 200.20.

4-methoxy-4’-octylbiphenyl (12)

11 (4.30 g, 13.8 mmol) . hydrazine monohydrate (10 ml), diethylene glycol (20 ml) % 180°C T 1.5h i
FLIZOL, RIGHEHIZ KOH (498 9) # /M2 T 220°C T BIZ 4h Hi#E L7z, RUSTEHRIZ water &
CH.Cl, Z A TR Lz, AREIEII/KTUEA L. #EK Na,SO, THzMg L7z, HM/ERMIIT Y B 70
ERWE=h T L7 a~ 7T 74— (CHCly/hexane, 1:1)I12 L 0 #8L L 7= (colorless solid 1.59 g,
38.9% yield) , 'H-NMR (400 MHz, CDCls, & ppm): 0.88 (t, 3H), 1.15-1.38 (m, 10H), 1.64 (m, 2H), 2.63 (t,
2H), 3.83 (s, 3H), 6.96 (d, 2H), 7.23 (d, 2H), 7.46 (d, 2H), 7.51 (d, 2H). *C-NMR (100 MHz, CDCls,

S ppm): 14.11, 22.67, 29.27, 29.38, 29.49, 31.54, 31.89, 35.57, 55.31, 114.11, 126.54, 127.95, 128.76, 133.76,
138.11, 141.46, 158.87.

4-hydroxy-4’-octylbiphenyl (13)

EHRBEHL L 72 USEZRT dry CHLCL, (50 ml) & 12 (1.51 g, 5.09 mmol) %z, JKIBIZiE L7z, BBr,
B (L.OMin CH,Clp, 10.5ml) %3 F L. i F58 T CaCl, & & 255 L CRUSRIR & 1R 2 [ZEIRIZ
R UTo, HK, 2L, A8 2 K TR L. K Na,SO, THZME L 72, Hexane/acetone 75 @
FfEfmc L o L, AR (1.39 9, 96.7% yield) #7157, 'H-NMR (400 MHz, CDCls, & ppm):
0.88 (t, 3H), 1.27 (br, 10H), 1.63 (m, 2H), 2.62 (t, 2H), 4.84 (s, 1H), 6.89 (d, 2H), 7.22 (d, 2H), 7.45 (d, 2H),
7.46 (d, 2H). *C-NMR (100 MHz, CDClg, § ppm): 14.11, 22.67, 29.26, 29.38, 29.49, 31.53, 31.89, 35.57,
115.55, 126.52, 128.18, 128.76, 134.01, 138.04, 141.52, 154.80.

4-methoxyphenylboronic acid (14)

EHEFPE T, Mg (1.01g, 41.6 mmol) (Z 4-bromoanisole (5.0 ml, 40mmol) @ dry THF (15 ml) ¥k %
Po< D EM L, T THTHF3OMI 2B L, 3hiEf L7e, RISHEHR %50 °C LLTFIZ R
B 72 M 5 trimethyl borate (5.4 ml, 48 mmol) @ THF (15 ml) &iE A F L. i FTHPD-< D L=
ICR Lz, BIRT—BEE L7Z0b 12NEBRAZ SmI i L, & HITHAF Mg 8 ERT 5 £ THF
FEL 72, CHCl, LKZMA THR L. APEE 2K T e L7z, /K Na,SO, THIME L .

ethyl acetate/hexane 2> & G dh L C 14 #4157 (3.09 g, 51% yield),

6-octyl-2-naphthyl trifluoromethanesulfonate (15)

0 °C T trifluoromethanesulfonic anhydride (2.34 ml, 14.28 mmol) % 10 (3.05 g, 11.90 mmol ) & pyridine
(1.92ml) @ dry CH,Cl, (34 ml) ¥&HEICIN %, IR T 3h ik L7-, KIGEIKRIC HClag %00 2 CHidk
L7=OB3k L, AL NaHCOsaq THEE L, /K Na,SO, Chzfi L7, > U B vEHnizh
T L7~ 777 14— (CHxClyhexane, 1:1) |2 X > TH#L L 7= (colorless oil 4.65 g, 100%) .
'H-NMR (400 MHz, CDCls, & ppm): 0.88 (t, 3H), 1.28 (br, 10H), 1.66 (m, 2H), 2.78(t, 2H), 7.33 (dd, 1H),
7.43 (dd, 1H), 7.65 (s, 1H), 7.70 (d, 1H), 7.78 (d, 1H), 7.84 (d, 1H). *C-NMR (100 MHz, CDCls, & ppm):
14.09, 22.65, 29.23, 29.28, 29.45, 31.24, 31.86, 36.04, 118.94, 119.45, 126.26, 127.84, 129.23, 129.98,
131.69, 132.60, 142.17, 146.56.

2-(4-methoxyphenyl)-6-octylnaphthalene (16)
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Va7 5 222 14 (0.89 g, 5.9 mmol), 15 (2.27 g,5.84 mmol), Pd(PPh;), (0.38 g, 0.34mmol),
Na,COsaq (2.0 M, 3.5 mL) 1,2-dimethoxyethane (DME) (18 mL) % AL, 80°C CT—Hifiisk L7=, /K&
CH.Cl, % USRI Z THk L, K Na SO, TRl L7z, Y U B PV h T hru~ NI T 7 4
— (CH,Cly/hexane, 1:1) & acetone 7> 5 OGS L VR L, MaAFES (1.47 g, 73%yield) %457-,
'H-NMR (400 MHz, CDCls, 5 ppm): 0.88 (t, 3H), 1.27 (br, 10H), 1.71 (m, 2H), 2.77 (t, 2H), 3.87 (s, 3H),
7.01 (d, 2H), 7.34 (dd, 1H), 7.61 (s, 1H), 7.65 (d, 2H), 7.68 (dd, 1H), 7.78-7.83 (m, 2H), 7.94 (s, 1H).
BC-NMR (100 MHz, CDClg3, 6 ppm): 14.10, 22.66, 29.27, 29.34, 29.51, 31.38, 31.88, 36.12, 55.37, 114.25,
124.78, 125.37, 126.01, 127.82, 127.86, 128.33, 132.18, 132.47, 133.81, 137.28, 140.38, 159.08.

2-(4-hydroxyphenyl)-6-octylnaphthalene (17)

EHREW LTSGR dry CH.Cl, (70 ml) & 16 (1.43 g, 4.13 mmol) %%, JK#SIZiR L7z, BBrg
ik (LOMin CH.Clp, 85ml) i T L. i F78 T4 CaCl, & 43835 U CAUNRIR & 1Rk % 12 IR
RUT, A5hHiFfE Lo Bk, ik L. AFE 2 " BKTHEE L. MK Na,SO, THEME: L 72,
Toluene/hexane 7> & D FAEFHIZ L D BRI L, MaiEd (1.31 9, 95.6% yield) %437, 'H-NMR (400
MHz, CDClj, 5 ppm): 0.88 (t, 3H), 1.27 (br, 10H), 1.71 (m, 2H), 2.77 (t, 2H), 4.88 (s, 1H), 6.96 (d, 2H), 7.34
(dd, 1H), 7.58-7.62 (m, 3H), 7.66 (dd, 2H), 7.79 (d, 1H), 7.82 (d, 1H), 7.93 (s, 1H). *C-NMR (100 MHz,
CDCls, 6 ppm): 14.10, 22.66, 29.27, 29.34, 29.50, 31.38, 31.88, 36.12, 115.69, 124.79, 125.33, 126.01,
127.84, 127.86, 127.88, 128.56, 132.15, 132.49, 134.06, 137.22, 140.40, 155.02. Anal. calcd. for Cy;H»s0
(%): C 86.70, H 8.49, N 0.00.Found (%): C 86.56, H 8.39, N 0.17.

2-(3-fluoro-4-methoxyphenyl)-6-actylnaphthalene (18)

va b BT Z 2 3|2 3-fluoro-4-methoxyphenylboronic acid(0.353 g, 2.08 mmol), 15 (0.794 g, 2.04
mmol), Pd(PPhs), (0.115 g, 0.10mmol), Na,COsaq (2.0 M, 2 mL), toluene (6 mL), EtOH (2 ml) % A#v,
80°C T2hfifP L7z, /K& CHCl, % SUSEIKICMZ THiR L, AHEZ K T Lizo b #k
Na,SO, TRz L7, U AT N T7 LD~ k275 7 4 — (CHy,Clyhexane, 1:3) & hexane 7> 5 O
FEAIC L0 RRL L eSS (0.400 g, 53.8%yield) & 457~ 'H-NMR (400 MHz, CDCls, & ppm): 0.88 (t,
3H), 1.27 (br, 10H), 1.71 (m, 2H), 2.77 (t, 2H), 3.95 (s, 3H), 7.06 (m, 1H), 7.36 (dd, 1H), 7.41-7.48 (m, 2H),
7.61 (s, 1H), 7.64 (dd, 1H), 7.78-7.84 (m, 2H), 7.93 (s, 1H). *C-NMR (100 MHz, CDCls, & ppm): 14.10,
22.66, 29.27, 29.33, 29.50, 31.35, 31.88, 36.12, 56.38, 113.66, 114.83, 115.02, 122.77, 122.81, 125.00,
125.02, 126.03, 127.92, 128.01, 128.04, 132.07, 132.7, 134.49, 136.13, 140.73, 146.91, 147.02, 151.41,
153.85.

2-(3-fluoro-4-hydroxyphenyl)-6-actylnaphthalene (19)

EHREW LTS ZHT dry CHLCl, (20 ml) & 18 (0.952 g, 2.61 mmol) Z Iz, JKISIZiR L7z, BBrs
7 (1L.0Min CH,Cl, 5.2 ml) Zifi N L. i F58 T 1% CaCl & 235 L CRISIIR 2 1R < (2=
RUT, BT BERLIZoBHK, 2 L. AHEZKTHE L. K NaSO, TR LT,
Hexane & MeOH 75 DOFFAEHIZ L 0 SR L | MEfbdh (0.856 g, 93.6% yield) %7372, 'H-NMR (400
MHz, CDClj, 6 ppm): 0.88 (t, 3H), 1.27 (br, 10H), 1.70 (m, 2H), 2.76 (t, 2H), 5.16 (d, 1H), 7.09 (m, 1H),
7.34 (dd, 1H), 7.38 (m, 1H), 7.43 (dd, 1H), 7.59-7.63 (m, 2H), 7.76-7.82 (m, 2H), 7.91 (s, 1H). *C-NMR
(100 MHz, CDCls, 6 ppm): 14.10, 22.66, 29.27, 29.34, 29.50, 31.34, 31.88, 36.12, 114.16, 114.35, 117.48,
117.5, 123,51, 123.54, 125.01, 126.02, 127.91, 128.01, 128.04, 132.07, 132.7, 134.58, 134.64, 136.16,
140.73, 142.71, 142.85, 150.05, 152.41. Anal. calcd. for C,4H,;OF (%): C 82.25, H 7.77, N 0.00. Found (%):
C 82.14,H 7.88, N 0.20.
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4-methylnonanoyl chloride (20)

4-methylnonanoic acid (5.0 ml, 26 mmol) (2 SOCl, (20 ml) %1 F L. &% 5h&Efi L7=, BEFT
SOCL ##E L., ZDFEROISIZA VT, H-NMR (400 MHz, CDCls, § ppm): 0.86-0.91 (m, 6H),
1.08-1.36 (m, 8H), 1.40-1.57 (m, 2H), 1.69-1.80 (m, 1H), 2.81-2.96 (m, 2H).

4-(4-methylnonanoyl)-anisole (21)

AICl; (2.29 g, 17.2 mmol) % dry CH,Cl, (60 ml) ¢ 30 min #i#: L 7=, SSIARRIZ 20 @ dry CHLCI, (20
ml) 2 T LTS HIZ 2h iR Lz, ROSHER 2 KIRICIR{E L, anisole (2.85 ml, 26.1 mmol) @
dry CH,Cl, (10 ml) %k 2 FOME ST T Lz, FOSEIKZ 25 h ik L7 Db, KICHEE ., A
J& %53k Uiz, FHF%REIT HClagq & water THEYf L, /K MgSO, TRz L7, Ailh, L., >~ U D
FNHhT L7 a~ N7Z 74— (CHCly/hexane, 1:1) THiHL L, 21 (oily product 6.37 g, 93.0% yield)
%437, *H-NMR (400 MHz, CDCls, & ppm): 0.85-0.95 (m, 6H), 1.11-1.38 (m, 8H), 1.44-1.58 (m, 2H),
1.69-1.80 (m, 1H), 2.83-2.97 (m, 2H), 3.86 (s, 3H), 6.92 (d, 2H), 7.94 (d, 2H). *C-NMR (100 MHz, CDCl,,
d ppm): 14.10, 19.55, 22.69, 26.66, 31.67, 32.17, 32.66, 36.05, 36.81, 55.42, 113.63, 130.15, 130.27, 163.23,
199.45.

4-(4-methylnonyl)-anisole (22)

KIIZIRIE L7277 Z A aHC 21 (10.24 g, 39.03 mmol) % trifluoroacetic acid (30.0 ml, 392 mmol, ).
triethylsilane (13.7 ml, 86.0 mmol) & & £1Z 30 min fiE#E L7z, KW CRIGE Z 60°C T2 h fH#E L
Too BUSHHRIZKZMZ . & HITELO ZMNZ THilk L, AisE 2K THed L. K MgSO, THzE:
L7z, EARBICEVERL, EEAEA (8.57 g, 88.4% yield) %#4537=, 'H-NMR (400 MHz, CDCls, §
ppm): 0.85-0.91 (m, 6H), 1.05-1.45 (m, 11H), 1.48-1.65 (m, 2H), 2.52 (m, 2H), 3.79 (s, 3H), 6.82 (d, 2H),
7.09 (d, 2H). *C-NMR (100 MHz, CDCls, 5 ppm): 14.11, 19.66, 22.7, 26.72, 29.28, 32.23, 32.66, 35.38,
36.70, 36.96, 55.24, 113.64, 129.21, 135.1, 157.58.

4-(4-methylnonyl)phenol (23)

EHRBEH LI PUSEZT dry CHL.Cl, (250 ml) & 22 (9.12 g, 37.0 mmol) %z, —40°C 2/ L=,
Z ZIZ BB (1.OMin CH.Clp, 75.0 ml) Zif F L. i F5E T CaCl, & 4 255 L CRNEIR %
RAZERICE LT, ShEELIZOBKIZHEE, SR L, AifE 2K THAE L. K MgSO, THZ
MLz, YUBTNHBTAIa~ T T7 4— (CHCl) 2K 0ERL, EmAHKEK (7.850, 90.4%
yield) Z75%7-, 'H-NMR (400 MHz, CDCls, & ppm): 0.83-0.91 (m, 6H), 1.02-1.46 (m, 11H), 1.48-1.65 (m,
2H), 2.51 (m, 2H), 4.56 (s, 1H), 6.74 (d, 2H), 7.04 (d, 2H). *C-NMR (100 MHz, CDCl;, § ppm): 14.10,
19.65, 22.69, 26.7, 29.24, 32.21, 32.64, 35.37, 36.66, 36.94, 115.02, 129.40, 135.25, 153.35.

4-(4-methylnonyl)phenyl trifluoromethanesulfonate (24)

trifluoromethanesulfonic anhydride (6.15 ml, 37.5 mmol) % 0°C T 23 (7.24 g, 30.9 mmol) & pyridine (5.0
ml) @ dry CH,Cl, (72 ml) EHRIZINZ 7o ROSTEIRZRA2ICEIRIZE L, |RT4h i Lo, /S
FRIRIZ 2N HClag Z N2 CTHIFE L7 D B3k L, AHEfE %2 NaHCOzaq & K Ty L. Mk MgSO, T
Wi L7, YUNTFNVERWEZL T A7 a~ 8757 ¢— (hexane) ([ZX-» TRERLL . QKK E
#57-(10.57 g, 93.4%), "H-NMR (400 MHz, CDCls, & ppm): 0.83-0.91 (m, 6H), 1.01-1.46 (m, 11H),
1.45-1.68 (m, 2H), 2.60 (m, 2H), 7.17 (d, 2H), 7.24 (d, 2H). ®*C-NMR (100 MHz, CDCls, 5 ppm): 14.08,
19.60, 22.68, 26.69, 28.80, 32.19, 32.61, 35.62, 36.58, 36.89, 120.98, 130.00, 143.51, 147.64.

2-[4-(4-methylnonyl)phenyl]-6-methoxynaphthalene (25)
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OS2 2312 6-methoxy-2-naphthaleneboronic acid (3.16 g, 15.6 mmol), 24 (5.51 g, 15.0 mmol), Pd(PPhs),
(0.933 g, 0.807mmol), Na;COsaq (2.0 M, 10 mL), DME (30 ml), toluene (10 mL) % AtL. 85°C T4h
B L7, K& CHLClL & BUNRIRIZI A THilk L, Ai%kE 2 fafl NH,Clag & /K THEE L7 0 b
KMGSO, CHLIE LT=, v U BTN 7~ h 7T 7 4— (CHCly/hexane, 1:1) & hexane/acetone
D35 ORI L D ERLL . EEAREA (4.53 g, 80.4%yield) Z757-, 'H-NMR (400 MHz, CDCls, &
ppm): 0.84-0.92 (m, 6H), 1.03-1.49 (m, 11H), 1.56-1.75 (m, 2H), 2.64 (m, 2H), 3.93 (s, 3H), 7.14-7.18 (m,
2H), 7.28 (d, 2H), 7.62 (d, 2H), 7.71 (dd, 1H), 7.75-7.83 (m, 2H), 7.95 (d, 1H). *C-NMR (100 MHz, CDCls,
d ppm): 14.12, 19.67, 22.71, 26.73, 29.06, 32.23, 32.68, 35.96, 36.8, 36.96, 55.32, 105.57, 119.04, 125.28,
126.02, 127.02, 127.15, 128.86, 129.21, 129.63, 133.6, 136.37, 138.49, 141.95, 157.63.

2-[4-(4-methylnonyl)phenyl]6-hydroxynaphthalene (26)

SOSZRERT dry CH,Cl, (125 ml) & 25 (4.48 g, 12.0 mmol) Z /1%, —40°C (ZmHAI L7z, % ZIZ BBry
B (LOMin CHCly, 24 ml) 23 T L, W Foe THERMOSAK AR 2 ICERICR Lz, 3hfii# L
DOBEKITIEE, DL, AR Z /KT EDS L, #Kk MgSO, TR L7=, Hezane 7> 5 O
IZX VR S (4.07 g, 94.6% yield) %4372, 'H-NMR (400 MHz, CDCl;, § ppm): 0.85-0.91 (m,
6H), 1.03-1.49 (m, 11H), 1.56-1.75 (m, 2H), 2.64 (m, 2H), 4.96 (m, 1H), 7.11 (dd, 1H), 7.16 (d, 1H), 7.28 (d,
2H), 7.61 (d, 2H), 7.68-7.75 (m, 2H), 7.79 (d, 1H), 7.95 (d, 1H). **C-NMR (100 MHz, CDCl;, 8 ppm): 14.12,
19.67, 22.71, 26.73, 29.06, 32.23, 32.68, 35.96, 36.8, 36.96, 109.31, 118.06, 125.36, 126.26, 126.78, 127.03,
128.87, 129.21, 130.10, 133.60, 136.43, 138.43, 142.01, 153.33. Anal. calcd. for C,6Hs,0 (%): C 86.62, H
8.95, N 0.00. Found (%): C 86.37, H 8.92, N 0.02.

2-hexyldecanoyl chloride (27)

2-hexyldecanoic acid (10.0 ml, 33.2 mmol) (Z SOCI, (30 ml) %3 F L. #&ik% 45h & L=, BIET
TSOCL #¥EL., ZDE E£RDISIZHAV 2, 'H-NMR (400 MHz, CDCl;, § ppm): 0.88 (m, 6H), 1.27
(br, 20H), 1.53 (m, 2H), 1.73 (m, 2H), 2.75 (m, 1H).

4-(2-hexyldecanoyl)-anisole (28)

AICl; (5.38 g, 40.3 mmol) % dry CH,Cl, (100 ml) HCHEi#E L7, IRICKISEHRIZ 27 @ dry CH,CI, (40
ml) iRz T LTS bIZ2h i L7, RISHAMRZIKIRITIRIE L, anisole (3.69 ml, 33.8 mmol) @
dry CH,Cl, (20 ml) #8522 OGRS T Lic, RUSHE#Z 25 h i L7 Db, KIZHEE . Ak
J& % ik LTe, AFESEIX HClag & water TP L, K MgSO, Chz L7=, A, BMEL. > U D
TNTT A7 a~w N7 T 74— (CHClyhexane, 1:1) THEHEL L. 28 (oily product 9.73 g, 84.6% yield)
%137~ "H-NMR (400 MHz, CDCls, & ppm): 0.81-0.88 (m, 6H), 1.27 (br, 20H), 1.48 (m, 2H), 1.72 (m, 2H),
3.35 (m, 1H), 3.87 (s, 3H), 6.93 (d, 2H), 7.94 (d, 2H). ®*C-NMR (100 MHz, CDCls, § ppm): 14.03, 14.07,
22.57,22.62, 27.62, 27.65, 29.22, 29.40, 29.51, 29.85, 31.66, 31.82, 32.73, 45.76, 55.43, 113.71, 130.42,
130.87, 163.29, 203.37.

4-(2-hexyldecyl)-anisole (29)

28 (8.98 g, 25.9 mmol) 7% trifluoroacetic acid (20.0 ml, 261 mmol, ), triethylsilane (9.20 ml, 57.8 mmol) &
& HIZEIR T 10 min fifE L7, IO CTRISTARR % 60 °C T 3 days P L7, RONERRIZKZINZ
S 51T hexane # M4 CTHHR L., AHfEZ/KTHE L, MK MgSO, THIIE L=, U BTN T A
rna~< b 777 4 —%{T0, EARIK (8.20 g, 95.2% yield) %#157-, 'H-NMR (400 MHz, CDCls, &
ppm): 0.85-0.90 (m, 6H), 1.27 (br, 24H), 1.54 (m, 1H), 2.46 (d, 2H), 3.79 (s, 3H), 6.81 (d, 2H), 7.05 (d, 2H).
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BC-NMR (100 MHz, CDCls, & ppm): 14.11, 22.67, 26.54, 29.33, 29.62, 29.69, 30.01, 31.90, 33.09, 39.57,
39.76, 55.20, 113.44, 130.01, 133.90, 157.52.

4-(2-hexyldecyl)-phenol (30)

29 (8.23 g, 24.7 mmol) @ dry CH,Cl, (240 ml) ¥k A —40°C IZmAI L7z, % ZIZ BB &k (1.0 Min
CH,Cly, 50ml) i~ L. i F 58 TR SN 21k 2 \ZHEIRIZKR Uiz, L5 h fiiHR L7120 HKIZHEX
TR LT, AHSEAZ/KTHE L, K MgSO, Tzl Liz, Y UBITNIT L a~ NI T7 4—
(CH.,Cl) 12X 0 RHIL . AR DAY (7.80 g, 99.1% yield) %%37=, 'H-NMR (400 MHz, CDCls, &
ppm): 0.87-0.92 (m, 6H), 1.24 (br, 24H), 1.53 (m, 1H), 2.44 (d, 2H), 5.18 (m, 1H), 6.73 (d, 2H), 6.98 (d, 2H).
BC-NMR (100 MHz, CDCls, & ppm): 14.09, 22.67, 26.52, 26.54, 29.33, 29.62, 29.68, 30.01, 31.90, 33.06,
39.59, 39.76, 114.94, 130.19, 134.09, 153.21.

4-(2-hexyldecyl)phenyl trifluoromethanesulfonate (31)

trifluoromethanesulfonic anhydride (4.40 ml, 26.8 mmol) % 0°C T 30 (7.10 g, 22.3 mmol) & pyridine (3.6
ml) @ dry CH,Cl, (45 ml) {&HRIZINZ 7o ROSTERZRA2ICEIRIZE L, |IRT4h i Lo, /S
BRI 2N HClag Z I THHFR L2 B3k L, A#fE %2 NaHCOzaq & /K THEi L. /K MgSO, T
e L7z, YU BTN ERWEAT 570~ 87T 7 4— (hexane) (2L > THRRIL, BATKKE

#57-(8.48 g, 84.4%), "H-NMR (400 MHz, CDCls, & ppm): 0.84-0.90 (m, 6H), 1.23 (br, 24H), 1.59 (m, 1H),
2.34 (d, 2H), 7.14-7.21 (m, 4H). ®*C-NMR (100 MHz, CDCls, & ppm): 14.07, 14.09, 22.64, 22.66, 26.47 26.5,
29.3, 29.57, 29.59, 29.92, 31.84, 31.88, 33.07, 39.62, 39.93, 117.16, 120.82, 130.73, 142.53, 147.64.

2-[4-(2-hexyldecyl)phenyl]-6-methoxynaphthalene (32)

G245 4+1Z 6-methoxy-2-naphthaleneboronic acid (3.38 g, 16.7 mmol), 31 (6.73 g, 14.9 mmol), Pd(PPh;),
(0.955 g, 0.826mmol), Na,COsaq (2.0 M, 10 mL), DME (20 ml), toluene (25 mL) % A#L, 85°C T6h
R L7, K& CHCl, %SRRI Z Toik L, A%E % fafl NH,Clag & /K THEyge L7 b
K MgSO, CHelgE L7z, YUV T 67 ua~ 27T 7 ¢4 — (CH)Clyhexane, 1:2) (2 X DR L,
44 [E A (6.64 g, 97.0%yield) %757-, 'H-NMR (400 MHz, CDCls, 8 ppm): 0.85-0.91 (m, 6H), 1.26 (br,
24H), 1.66 (m, 1H), 2.58 (d, 2H), 3.94 (s, 3H), 7.14-7.18 (m, 2H), 7.24 (d, 2H), 7.61 (d, 2H), 7.72 (dd, 1H),
7.76-7.83 (m, 2H), 7.97 (d, 1H). **C-NMR (100 MHz, CDCl,, & ppm): 14.12, 22.68, 26.56, 29.34, 29.6429.7,
30.02, 31.92, 33.2, 39.69, 40.20, 55.33, 105.58, 119.03, 125.25, 126.01, 126.82, 127.14, 129.22, 129.63,
129.67, 133.60, 136.37, 138.33, 140.87, 157.62.

2-[4-(2-hexyldecyl)phenyl]-6-hydroxynaphthalene (33)

FOSAZRIT dry CH,Cl, (90 ml) & 32 (4.70 g, 10.3 mmol) Zhnx., —40°C 1WA LTz, £ 21T BBrai&
i (1L.OMinCH,Clp, 21 ml) %3 N L. i Foe TH#ROSIR 2 R < IZHIRICRE L7z, 4hif#L7zo
BKIHEE, ik L. A2 KT ERE L, K MgSO, CHzlE LTz, Y UNTNHT Lo nm
~ h7'Z 7 ¢ — (CHy,Clyhexane, 4:1) |2 X VR L, MEAAE R (4.07 g, 95.4% yield) %1537, *H-NMR
(400 MHz, CDCls, 6 ppm): 0.85-0.91 (m, 6H), 1.26 (br, 24H), 1.66 (m, 1H), 2.56 (d, 2H), 4.95 (s, 1H), 7.11
(dd, 1H), 7.16 (d, 1H), 7.24 (d, 2H), 7.60 (d, 2H), 7.68-7.75 (m, 2H), 7.79 (d, 1H), 7.96 (s, 1H). *C-NMR
(100 MHz, CDCls, 6 ppm): 14.11, 22.68, 26.56, 29.34, 29.63, 29.69, 30.01, 31.92, 33.17, 39.68, 40.19,
109.31, 118.05, 125.32, 126.25, 126.76, 126.82, 129.22, 129.68, 130.10, 133.59, 136.44, 138.27, 140.92,
153.31. Anal. calcd. for C3,H440 (%): C 86.43, H 9.97, N 0.00. Found (%): C 86.32, H 10.05, N 0.28.

2,5-dibromo-3-{10-[6-(4-octylphenyl)naphthalene-2-yloxy]decyl}thiophene (M1)
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Bk EOFEMITEEER 123 L=, *H-NMR (400 MHz, CDCl;, & ppm): 0.88 (t, 3H), 1.31 (br, 20H),
1.46-1.57 (m, 4H), 1.66 (m, 2H), 1.85 (m, 2H), 2.50 (t, 2H), 2.65 (t, 2H), 4.08 (t, 2H), 6.77 (s, 1H), 7.13-7.17
(m, 2H), 7.27 (d, 2H), 7.61 (d, 2H), 7.69 (dd, 1H), 7.75-7.78 (m, 2H), 7.94 (d, 1H). *C-NMR (100 MHz,
CDCls, § ppm): 14.10, 22.67, 26.09, 29.06, 29.24, 29.27, 29.32, 29.37, 29.43, 29.45, 29.50, 29.52, 29.54,
31.53, 31.89, 35.63, 68.05, 106.39, 107.92, 110.29, 119.36, 125.25, 125.93, 127.00, 127.09, 128.87, 129.12,
129.55, 130.95, 133.65, 136.22, 138.51, 141.88, 142.97, 157.14. Anal. calcd. for Cs5H,;0SBr; (%): C 64.04,
H 6.79, N 0.00. Found (%): C 63.89, H 6.52, N 0.06.

£ / ~—2,5-dibromo-3-[10-(6-octylnaphthalene-2-yloxy)decyl]thiophene (M3),
2,5-dibromo-3-[10-(4-octylbiphenyl-4’-yloxy)decyl]thiophene (M4),
2,5-dibromo-3-{10-[4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene (M6),
2,5-dibromo-3-{10-[2-fluoro-4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene (M7),
2,5-dibromo-3-(10-{6-[4-(4-methylnonyl)phenyl]-naphthalene-2-yloxy}decyl)thiophene (M8),
2,5-dibromo-3-(10-{6-[4-(2-hexyldecyl)phenyl]-naphthalene-2-yloxy}decyl)thiophene (M9) D&%k
THF (Z 4 (0.1~0.3 M), phenol = 7= 1% naphthol #53& (& (10, 13, 17, 19, 26, 33 O 3417y, 1.0 eq) ,
triphenylphosphine (1.2 eq) Z¥&ffE S, KICHas 2 KIIZIRIE L7, % ZIZ diethy azodicarboxylate
(DEAD) (40% in toluene, 1.2 eq) Z ML, JKIBZEY FRWT 1~3 HIEIRER L=, S U DSV T T A
sma~v N7 7—&, ARBTHIVITRBICL YR L,

2,5-dibromo-3-[10-(6-octylnaphthalene-2-yloxy)decyl]thiophene (M3)

THF (5 ml){Z 4 (0.58 g, 1.5 mmol) . 10 (0.36 g, 1.4 mmol). triphenylphosphine (0.46 g, 1.8 mmol) % &
fiff S OGRS % KIBIZIRIE L=, % Z1Z diethy lazodicarboxylate (DEAD) (0.80 ml, 40% in toluene)
EINZ, KIBERVEBRWC3hHEE LT, YU BTNV AT L7 a~ hJ T 7 4— (CHCly/hexane,
1:1) & acetone 75 DO FFEAIC L W ERIL | M fE K (0.32 g, 36%yield) %157, "H-NMR (400 MHz,
CDCls, 8 ppm): 0.87 (t, 3H), 1.31 (br, 20H), 1.45-1.58 (m, 4H), 1.68 (m, 2H), 1.84 (m, 2H), 2.50 (t, 2H),
2.72 (t, 2H), 4.04 (t, 2H), 6.77 (s, 1H), 7.08-7.13 (m, 2H), 7.28 (dd, 2H), 7.52 (s, 1H), 7.62-7.68 (m, 2H).
B3C-NMR (100 MHz, CDCls, § ppm): 14.11, 22.66, 26.09, 29.06, 29.27, 29.31, 29.35, 29.37, 29.43, 29.51,
29.54, 31.5, 31.89, 35.91, 67.97, 106.45, 107.91, 110.27, 118.87, 126.09, 126.51, 127.84, 128.76, 129.00,
130.95, 132.88, 137.99, 142.96, 156.51. Anal. calcd. for C3,H4,OSBr, (%): C 60.38, H 6.97, N 0.00. Found
(%): C 60.68, H 6.91, N 0.22.

2,5-dibromo-3-[10-(4-octylbiphenyl-4’-yloxy)decyl]thiophene (M4)

YUBTNHT AT v~ k7T T 4 — (CHClhexane, 1:1)I2 X DRI L, #E@ A (0.53 g,
68%yield) % %57=, "H-NMR (400 MHz, CDCls, & ppm): 0.88 (t, 3H), 1.31 (br, 20H), 1.47 (m, 2H), 1.54 (m,
2H), 1.64 (m, 2H), 1.80 (m, 2H), 2.50 (t, 2H), 2.62 (t, 2H), 3.99 (t, 2H), 6.77 (s, 1H), 6.95 (d, 2H), 7.22 (d,
2H), 7.46 (d, 2H), 7.50 (d, 2H). *C-NMR (100 MHz, CDCls, & ppm): 14.11, 22.67, 26.04, 29.06, 29.27,
29.31, 29.36, 29.39, 29.43, 29.45, 29.50, 29.51, 29.54, 31.54, 31.89, 35.58, 68.04, 107.92, 110.29, 114.69,
126.51, 127.9, 128.74, 130.95, 133.53, 138.18, 141.39, 142.96, 158.46. Anal. calcd. for C3,H40SBr; (%): C
61.63, H 7.00, N 0.00. Found (%): C 61.83, H 6.91, N 0.24.

2,5-dibromo-3-{9-[6-(4-octylphenyl)naphthalene-2-yloxy]nonyloxy}thiophene (M5)
Dry DMF (8 ml) {Z 6 (0.79 g, 1.7 mmol), 7 (0.59 g, 1.7 mmol), K,CO3 (0.28 g, 2.0 mmol) Z#sHi L. 100
°C T16hFE L7z, RUSEIRIZ CHCl, LKA MAZ ., 7k LT, AHEIEITAK T2 B L, MK
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Na,SO, TRz L=, YU BTN T L7 a~ hT T 7 4 — (CHClyhexane, 1:4)I2 X 0 ML L, M
[E{& (0.41 g, 34%yield) %757-, '"H-NMR (400 MHz, CDCls, 8 ppm): 0.88 (t, 3H), 1.37 (br, 26H), 1.66 (m,
2H), 1.73 (m, 2H), 1.85 (m, 2H), 2.65 (t, 2H), 3.98 (t, 2H), 4.08 (t, 2H), 6.75 (s, 1H), 7.13-7.18 (m, 2H), 7.28
(d, 2H), 7.61 (d, 2H), 7.69 (dd, 1H), 7.74-7.78 (m, 2H), 7.94 (d, 1H). *C-NMR (100 MHz, CDCls, & ppm):
14.11, 22.67, 25.72, 26.07, 29.19, 29.22, 29.27, 29.35, 29.39, 29.42, 29.50, 31.54, 31.89, 35.62, 67.99, 72.53,
90.51, 106.34, 109.59, 119.35, 120.84, 125.24, 125.92, 126.99, 127.08, 128.86, 129.11, 29.55, 133.63,
136.20, 138.48, 141.87, 153.81, 157.11. Anal. calcd. for C33H4sOSBr, (%): C 62.19, H 6.49, N 0.00. Found
(%): C 62.18, H 6.56, N 0.02.

2,5-dibromo-3-{10-[4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene (M6)

YUBTFNTT AT a~w T T 7 4 — (CH,Cl/hexane, 1:1) & acetone 7> 5 O FASIHIC L W FERIL |
A E R (0.92 g, 81%yield) %457=, 'H-NMR (400 MHz, CDCls, 8 ppm): 0.88 (t, 3H), 1.31 (br, 20H),
1.48 (m, 2H), 1.54 (m, 2H), 1.71 (m, 2H), 1.82 (m, 2H), 2.50 (t, 2H), 2.77 (t, 2H), 4.02 (t, 2H), 6.78 (s, 1H),
7.00 (d, 2H), 7.34 (dd, 1H), 7.61 (s, 1H), 7.63 (d, 2H), 7.67 (dd, 1H), 7.77-7.83 (m, 2H), 7.94 (d, 1H).
BC-NMR (100 MHz, CDCls, & ppm): 14.10, 22.66, 26.04, 29.06, 29.27, 29.29, 29.32, 29.34, 29.36, 29.43,
29.45, 29.51, 29.55, 31.38, 31.88, 36.12, 68.09, 107.91, 110.29, 114.83, 124.73, 125.36, 126.01, 127.80,
127.84, 127.85, 128.27, 130.95, 132.18, 132.45, 133.56, 137.34, 140.32, 142.97, 158.66. Anal. calcd. for
C3sH430SBr; (%): C 64.04, H 6.79, N 0.00. Found (%): C 64.04, H 6.79, N 0.09.

2,5-dibromo-3-{10-[2-fluoro-4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene (M7)

SUBTNT T A a~ k7T 74— (CHCl/hexane, 1:2) (2 X 0 k58U, MEEAEK (0.92 g,
81%yield) #%57=, 'H-NMR (400 MHz, CDCl;, & ppm): 0.88 (t, 3H), 1.31 (br, 20H), 1.44-1.58 (m, 4H),
1.71 (m, 2H), 1.85 (m, 2H), 2.50 (t, 2H), 2.77 (t, 2H), 4.08 (t, 2H), 6.77 (s, 1H), 7.05 (m, 1H), 7.35 (d, 1H),
7.40 (m, 1H), 7.44 (dd, 1H), 7.58-7.61 (m, 2H), 7.76-7.83 (m, 2H), 7.92 (s, 1H). *C-NMR (100 MHz, CDCl,
d ppm): 14.09, 22.66, 25.91, 29.06, 29.23, 29.26, 29.34, 29.41, 29.45, 29.5, 29.54, 31.35, 31.88, 36.13, 69.6,
107.92, 110.28, 114.86, 115.05, 115.15, 122.71, 122.74, 124.96, 125.03, 126.03, 127.92, 127.99, 128.02,
130.96, 132.10, 132.70, 134.37, 134.44, 136.21, 140.69, 142.97, 146.54, 151.72, 154.16. Anal. calcd. for
CsgH470SBr,F (%): C 62.47, H 6.48, N 0.00. Found (%): C 62.73, H 6.52, N 0.27.

2,5-dibromo-3-(10-{6-[4-(4-methylnonyl)phenyl]naphthalene-2-yloxy}decyl)thiophene (M8)
YUBTNHT AT v~ T T 74— (CHCly/hexane, 1:2) (2 X W EHRIL, #EEARE A (050 g,
67%yield) %%57-, 'H-NMR (400 MHz, CDCl;, § ppm): 0.86-0.91 (m, 9H), 1.31 (br, 21H), 1.46-1.58 (m,
4H), 1.66 (m, 2H), 1.85 (m, 2H), 2.50 (t, 2H), 2.64 (m, 2H), 4.09 (t, 2H), 6.77 (s, 1H), 7.13-7.18 (m, 2H),
7.28 (d, 2H), 7.62 (d, 2H), 7.70 (dd, 1H), 7.75-7.79 (m, 2H), 7.95 (d, 1H). *C-NMR (100 MHz, CDCls, &
ppm): 14.12, 19.67, 22.71, 26.10, 26.73, 29.07, 29.25, 29.32, 29.38, 29.43, 29.46, 29.52, 29.54, 32.23, 32.68,
35.96, 36.80, 36.96, 68.05, 106.38, 110.30, 119.37, 125.26, 125.93, 127.01, 127.09, 128.85, 129.11, 129.55,
130.95, 133.66, 136.22, 138.53, 141.90, 142.97, 157.14.

2,5-dibromo-3-(10-{6-[4-(2-hexyldecyl)phenyl]naphthalene-2-yloxy}decyl)thiophene (M9)

VB FNHT Ly~ k7T 7 4 — (CHCly/hexane, 1:3) 12 X 0 REHRI L, A A (057 g,
66%yield) %%57=, 'H-NMR (400 MHz, CDCl;, § ppm): 0.85-0.90 (m, 9H), 1.26 (br, 34H), 1.46-1.58 (m,
4H), 1.66 (m, 1H), 1.86 (m, 2H), 2.50 (t, 2H), 2.58 (d, 2H), 4.09 (t, 2H), 6.77 (s, 1H), 7.13-7.18 (m, 2H),
7.24 (d, 2H), 7.61 (d, 2H), 7.71 (dd, 1H), 7.75-7.79 (m, 2H), 7.96 (d, 1H). *C-NMR (100 MHz, CDCl3, &

ppm): 14.12, 22.68, 26.10, 26.56, 29.07, 29.25, 29.34, 29.38, 29.43, 29.46, 29.52, 29.55, 29.64, 29.70, 30.02,
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31.92, 33.18, 39.69, 40.19, 68.05, 106.38, 107.92, 110.29, 119.35, 125.23, 125.92, 126.80, 127.08, 129.13,
129.55, 129.66, 130.95, 133.65, 136.23, 138.37, 140.82, 142.97, 157.13. Anal. calcd. for C4HssOSBr, (%):
C 66.98, H 7.82, N 0.00. Found (%): C 67.07, H 7.92, N 0.25.

2,5-dibromo-3-dodecylthiophene (M10)

3-bromothiophene % HiZ& R & L, 2 BEBEDTENT S 7z — M 722 515 TE Rk L 7=, '*H-NMR (400 MHz,
CDCls, & ppm): 0.88 (t, 3H), 1.26 (br, 18H), 1.53 (m, 2H), 2.50 (t, 2H), 6.77 (s, 1H). *C-NMR (100 MHz,
CDCls, 6 ppm): 14.12, 22.69, 29.09, 29.35, 29.46, 29.52, 29.56, 29.62, 29.65, 31.91, 107.9, 110.27, 130.95,
143.

2-(4-octylphenyl)-6-decyloxynaphthalene (Modell), 2-decyloxy-6-octylnaphthalene (Model3) D&%k
Dry DMF |27 721310 (0.1M) . K,CO; (1.2 eq). 1-bromodecane (1.2-1.3eq) Z/Nx., 110°C £7=i%
90°C T2 HIMLA LI LTz, ZORIISEEIIZ CHCl, EKZENM A, 7R LTz, AHfEIZ/KT 2 [H]
Yo U, K Na,SO, TR L=, U WXV 57 v~ k75 7 ¢ — (CH,Cly/hexane) & Modell
I% hexane 72> 6 DO FASAEIZ & D RS L 72,

2-(4-octylphenyl)-6-decyloxynaphthalene (Modell)

HE( [ K (0.37 g, 77%yield) %4572, 'H-NMR (400 MHz, CDCls,  ppm): 0.86-0.91 (m, 6H), 1.28 (br,
22H), 1.51 (m, 2H), 1.66 (m, 2H), 1.86 (m, 2H), 2.66 (t, 2H), 4.08 (t, 2H), 7.13-7.18 (m, 2H), 7.28 (d, 2H),
7.62 (d, 2H), 7.70 (dd, 1H), 7.75-7.79 (m, 2H), 7.94 (d, 1H).”*C-NMR (100 MHz, CDCls, & ppm): 14.12,
22.68, 26.12, 29.25, 29.28, 29.33, 29.39, 29.43, 29.50, 29.57, 29.60, 31.55, 31.90, 35.63, 68.06, 106.33,
119.38, 125.25, 125.92, 127.00, 127.09, 128.87, 129.09, 129.54, 133.64, 136.19, 138.51, 141.88, 157.14.

2-decyloxy-6-octylnaphthalene (Model3)

44 [E A (0.11 g, 35%yield) %757, 'H-NMR (400 MHz, CDCls, & ppm): 0.85-0.91 (m, 6H), 1.28 (br,
22H), 1.49 (m, 2H), 1.68 (m, 2H), 1.84 (m, 2H), 2.72 (t, 2H), 4.05 (t, 2H), 7.08-7.13 (m, 2H), 7.28 (dd, 2H),
7.52 (s, 1H), 7.61-7.68 (m, 2H). *C-NMR (100 MHz, CDCl;, 8 ppm): 14.12, 22.67, 22.68, 26.11, 29.27,
29.32, 29.35, 29.43, 29.51, 29.57, 29.60, 31.50, 31.89, 35.91, 68.00, 106.45, 118.88, 126.09, 126.51, 127.82,
128.75, 128.99, 132.89, 137.97, 156.53.

4-dodecyloxy-4’-octylbiphynyl (Model4), 2-(4-decyloxyphenyl)-6-octylnaphthalene (Model6),
2-(4-decyloxy-3-fluorophenyl)-6-octylnaphthalene (Model7), 2—~decyloxy-6-[4-(4-methylnonyl)phenyl]-
naphthalene (Model8), 2-decyloxy-6-[4-(2-hexyldecyl)phenyl]naphthalene (Model9) ? A ki

Dry DMF (2, shitad™ % i 13, 17, 19, 26, 33 DWWV 7723 % 0.1 M DO E TR S+, NaH (1.4~1.9
eq) A THHR L7, KUARAENKE T L7cDb | SEHRIZ 1-bromodecane (1.3 eq) Z iz, 80°C
T3h EiFT Wik L7z, /K& CHLCL ZMA iR L. AR T 2 mI%EH L. MK Na,SO, T
Wl Uiz, VUM NI T L7 a~ v T 7 4— (CHCly/hexane) CHftsnic L W g L7,

4-dodecyloxy-4’-octylbiphynyl (Model4)

Hexane 7> 5 OFFEAIC X DRI L, MEEALES (0.18 g, 86%) % 457-, 'H-NMR (400 MHz, CDCl;,
& ppm): 0.85-0.91 (m, 6H), 1.28 (br, 22H), 1.47 (m, 2H), 1.64 (m, 2H), 1.80 (m, 2H), 2.62 (t, 2H), 3.98 (t,
2H), 6.95 (d, 2H), 7.22 (d, 2H), 7.46 (d, 2H), 7.50 (d, 2H). **C-NMR (100 MHz, CDCls, & ppm): 14.11,
22.67, 26.06, 29.27, 29.32, 29.39, 29.41, 29.5, 29.56, 29.59, 31.54, 31.89, 35.58, 68.06, 114.69, 126.51,

127.89, 128.73, 133.51, 138.20, 141.37, 158.48.
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2-(4-decyloxyphenyl)-6-octylnaphthalene (Model6)

YUBTFNTIT A a~ NT T 7 4— (CH.Clyhexane, 1:2) & hexane 75 OFASESIC L W ERIL .
(S, (0.1709, 89.2%) % 157-, 'H-NMR (400 MHz, CDCl;, & ppm): 0.85-0.92 (m, 6H), 1.28 (br, 22H),
1.48 (m, 2H), 1.71 (m, 2H), 1.82 (m, 2H), 2.77 (t, 2H), 4.02 (t, 2H), 7.00 (d, 2H), 7.34 (dd, 1H), 7.61 (s, 1H),
7.64 (d, 2H), 7.68 (dd, 1H), 7.77-7.83 (m, 2H), 7.94 (s, 1H). *C-NMR (100 MHz, CDCl;, & ppm): 14,11,
14.12, 22.66, 22.68, 26.06, 29.27, 29.30, 29.32, 29.33, 29.41, 29.51, 29.567, 29.59, 31.38, 31.89, 36.12,
68.11, 114.83, 124.72, 125.37, 126.00, 127.79, 127.83, 127.85, 128.27, 132.18, 132.44, 133.54, 137.36,
140.31, 158.68.

2-(4-decyloxy-3-fluorophenyl)-6-octylnaphthalene (Model7)

YIUBTFNIT A a~w N T 7 4 — (CH.Clyhexane, 1:1) & hexane 75 OGS L W FERIL |
A ESL (0.2379, 83.6%) % 1572, 'H-NMR (400 MHz, CDCl;, & ppm): 0.86-0.91 (m, 6H), 1.28 (br, 22H),
1.49 (m, 2H), 1.71 (m, 2H), 1.85 (m, 2H), 2.77 (t, 2H), 4.08 (t, 2H), 7.04 (m, 1H), 7.34 (dd, 1H), 7.39 (m,
1H), 7.44 (dd, 1H), 7.61 (s, 1H), 7.64 (dd, 1H), 7.77-7.83 (m, 2H), 7.92 (d, 1H). *C-NMR (100 MHz, CDCl,
d ppm): 14.10, 14.12, 22.67, 22.68, 25.93, 29.25, 29.27, 29.32, 29.34, 29.38, 29.50, 29.56, 31.35, 31.89,
36.13, 69.60, 114.85, 115.04, 115.08, 115.10, 122.70, 122.73, 124.95, 125.03, 126.03, 127.92, 127.98,
128.01, 132.09, 132.69, 134.33, 134.39, 136.23, 140.68, 146.44, 146.55, 151.71, 154.15. Anal. calcd. for
Ca4H47,0F (%): C 83.21, H 9.65, N 0.00. Found (%): C 83.25, H 9.53, N 0.03.

2-decyloxy-6-[4-(4-methylnonyl)phenyl]- naphthalene (Model8)

YUBTNHT AT a~ kT T 74— (CHCly/hexane, 1:2) & hexane 75 OFEASIHIC L W ERIL |
OGS (0.199g, 76.7%) %1572, 'H-NMR (400 MHz, CDCl;, § ppm): 0.86-0.91 (m, 9H), 1.18-1.55 (br,
25H), 1.66 (m, 2H), 1.86 (m, 2H), 2.64 (m, 2H), 4.08 (t, 2H), 7.13-7.18 (m, 2H), 7.28 (d, 2H), 7.62 (d, 2H),
7.70 (dd, 1H), 7.75-7.79 (m, 2H), 7.95 (d, 1H). **C-NMR (100 MHz, CDCl;, § ppm): 14.12, 19.67, 22.68,
22.71, 26.12, 26.73, 29.07, 29.26, 29.33, 29.43, 29.57, 29.60, 31.90, 32.23, 32.68, 35.96, 36.80, 36.96, 68.08,
106.37, 119.38, 125.26, 125.93, 127.01, 127.09, 128.85, 129.11, 129.54, 133.66, 136.2, 138.53, 141.90,
157.15. Anal. calcd. for C3Hs,0 (%): C 86.34, H 10.47, N 0.00. Found (%): C 86.39, H 10.57, N 0.13.

2-decyloxy-6-[4-(2-hexyldecyl)phenyl]naphthalene (Model9)

YUBTNHT AT a~ k7T T 4 — (CHCl/hexane, 1:3)12 Lk D S L, #E [E K (0.2869, 93.5%)
%4572, 'H-NMR (400 MHz, CDCls, § ppm): 0.85-0.91 (m, 9H), 1.26 (br, 36H), 1.51 (m, 2H), 1.66 (m, 1H),
1.86 (m, 2H), 2.50 (t, 2H), 2.58 (d, 2H), 4.08 (t, 2H), 7.13-7.18 (m, 2H), 7.24 (d, 2H), 7.61 (d, 2H), 7.70 (dd,
1H), 7.75-7.79 (m, 2H), 7.96 (d, 1H). *C-NMR (100 MHz, CDCls, § ppm): 14.12, 22.69, 26.12, 26.57, 29.27,
29.34, 29.44, 29.58, 29.60, 29.64, 29.70, 30.02, 31.92, 33.19, 39.69, 40.19, 68.07, 106.36, 119.37, 125.23,
125.91, 126.80, 127.08, 129.11, 129.54, 129.66, 133.65, 136.20, 138.37, 140.81, 157.14. Anal. calcd. for
C42He40 (%): C 86.24, H 11.03, N 0.00. Found (%): C 85.99, H 10.97, N 0.28.

AEZE2ESE

E£ / ~— (0.1 M (mol dm®)). Ni(cod), (3-3.5 eq). 2,2>-bipyridyl (bpy, 3.2-3.7 eq). 1,5-cyclooctadiene (cod,
2-2.5eq) Z M\ ., DMF I CRIGEFT - 72,

%7 Ni(cod),. bpy. cod Z DMF HEiR T 30 min $5#P L7z, WICABEARIZE 2 ~—% /%, 80°C
C 3days L EfE#E L7, HClag+MeOH ik, NHsaq+MeOH ik, MeOH FRiL &, acetone Fif
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TR X 0 RERLL 7=,

BICXLAES

£/ ~— (0.1 M), isopropylmagnesium chloride (iPrMgCl) 2.0 M solution in THF (1.05 eq). Ni(dppp)Cl,
(0.02eq) . LiCl(1-2eq). #HVv, THF EEEH TIT o7,

FE ) ~—& LiCl &2 THF IR SH. £ Z2120°C TiPrMgCl 21z 7=, RS % 0°C T 1h
B L7205 Ni(dppp)Cly 2 1 2 7=, ISR 21> <V ERIBICE L, 1~12 h $7# L 7=, 5 M HClaq
ZINZ TR ZE 1L &, MeOH FRiLi & acetone FHILBIC K 0 REHRL L 72,

poly{3-[10-(6-octylnaphthalene-2-yloxy)decyl]thiophene-2,5-diyl (P3-A)
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Figure 2.32 600 MHz *H NMR spectrum of P3-A measured in CDCl; at rt.
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Figure 2.33 150 MHz *C NMR spectrum of P3-A measured in CDCl; at rt.
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poly{3-[10-(6-octylnaphthalene-2-yloxy)decyl]thiophene-2,5-diyl (P3-B)
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Figure 2.34 600 MHz *H NMR spectrum of P3-B measured in CDCl; at 53 °C.
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Figure 2.35 150 MHz **C NMR spectrum of P3-B measured in CDCl; at 53 °C.
poly{3-[10-(4’-octylbiphenyl-4-yloxy)decyl]thiophene-2,5-diyl} (P4-A)
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Figure 2.36 600 MHz "H NMR spectrum of P4-A measured in CDCl; at rt.
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Figure 2.37 150 MHz *C NMR spectrum of P4-A measured in CDCl; at rt.

poly{3-[10-(4’-octylbiphenyl-4-yloxy)decyl]thiophene-2,5-diyl} (P4-B)
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Figure 2.38 600 MHz '*H NMR spectrum of P4-B measured in CDCl; at 61 °C.
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Figure 2.39 150 MHz *C NMRspectrum of P4-B measured in CDCl; at 61 °C.
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poly(3-{9-[6-(4-octylphenyl)-naphthalene-2-yloxy]nonyloxy}thiophene-2,5-diyl) (P5-A)
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Figure 2.40 600 MHz 'H NMR spectrum of P5-A measured in CDClI; at rt.
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Figure 2.41 150 MHz "*C NMR spectrum of P5-A measured in CDCl; at rt.
poly(3-{9-[6-(4-octylphenyl)-naphthalene-2-yloxy]nonyloxy}thiophene-2,5-diyl) (P5-B)
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Figure 2.42 600 MHz 'H NMR spectrum of P5-B measured in chlorobenzene-ds at 100 °C.
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poly(3-{10-[4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene- 2,5-diyl) (P6-A)
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Figure 2.43 400 MHz *H NMRspectrum of P6-A measured in CDClI; at rt.
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Figure 2.44 100 MHz *C NMR spectrum of P6-A measured in CDCl; at rt.

poly(3-{10-[4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene- 2,5-diyl) (P6-B)
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poly(3-{10-[2-fluoro-4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene-2,5-diyl) (P7-A)
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Figure 2.45 600 MHz *H NMRspectrum of P7-A measured in CDClI; at rt.
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Figure 2.46 150 MHz *C NMR spectrum of P7-A measured in CDCl; at rt.
poly(3-{10-[2-fluoro-4-(6-octyl-2-naphthyl)phenyloxy]decyl}thiophene-2,5-diyl) (P7-B)
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Figure 2.47 600 MHz "H NMR spectrum of P7-B measured in CDClIj at 60 °C.
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Poly[3-(10-{6-[4-(4-methylnonyl)phenyl]naphthalene-2-yloxy}decyl)thiophene- 2,5-diyl] (P8-A)
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Figure 2.48 600 MHz 'H NMR spectrum of P8-A measured in CDClIj at rt.
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Figure 2.49 150 MHz "*C NMR spectrum of P8-A measured in CDCl; at rt.
Poly[3-(10-{6-[4-(4-methylnonyl)phenyl]naphthalene-2-yloxy}decyl)thiophene- 2,5-diyl] (P8-B)
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Figure 2.50 600 MHz "H NMR spectrum of P8-B measured in CDClI; at 60 °C.
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Figure 2.51 150 MHz *C NMR spectrum of P8-B measured in CDCl; at 60 °C.
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(2-hexyldecyl)phenyl]naphthalene-2-yloxy}decyl)thiophene- 2,5-diyl] (P9-A)
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Figure 2.52 600 MHz '*H NMR spectrum of P9-A measured in CDCl; at rt.
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Figure 2.53 150 MHz *C NMR spectrum of P9-A measured in CDCl; at rt.
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Poly[3-(10-{6-[4-(2-hexyldecyl)phenyl]naphthalene-2-yloxy}decyl)thiophene- 2,5-diyl] (P9-B)
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Figure 2.54 600 MHz *H NMR spectrum of P9-B measured in CDCl; at rt.
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Figure 2.55 150 MHz "*C NMR spectrum of P9-B measured in CDCl; at rt.
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Poly(3-dodecylthiophene-2,5-diyl) (P1.)
M10 (62.2 pl, 0.200 mmol) ZHW\T BiLIZ LW EAEZEIT-7 (22.2 mg, 44% yield),
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Figure 2.56 600 MHz '*H NMR spectrum of P;., measured in CDCl; at rt.
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Figure 2.57 150 MHz *C NMR spectrum of Py., measured in CDCl; at rt.
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Poly(3-alkylthiophene-2,5-diyl-ran-3-{10-[6-(4-octylphenyl)naphthalene-2-yloxy]decyl}thiophene-2,5-
diyl) (P1:1)

M10 (31.6 pl, 0.102 mmol) & M1 (72.5 mg, 0.102 mmol) #f\C, BIETEAEZIT>7- (42.8mg,
49.5% vyield),

Mw0650.001.001.1r.espy;
~
|

o
=

o
3
1.25

o
=
/'1.26

o
o
1.33

o
=
PN FREE FRRTE FRREY FETTY FRTY FRTEY FERT] FETR FRTTY FRUTE PRTEY FERT) STTE Ferel Freed

Normalized Intensity

o
w

o
N
—7.56

7.89
769

o
o

vvvvvvvvvvvvvvvvvvv

4
Chemical Shift (ppm)

Figure 2.58 600 MHz '*H NMR spectrum of P;.; measured in CDCl; at 50 °C.
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Figure 2.59 150 MHz **C NMR spectrum of P,.; measured in CDClI; at 50 °C.
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Poly(3-alkylthiophene-2,5-diyl-ran-3-{10-[6-(4-octylphenyl)naphthalene-2-yloxy]decyl}thiophene-2,5-
diyl) (P1:3)

M10 (12.0 pl, 0.0386 mmol) & M1 (82.5 mg, 0.116 mmol) % T, BIETEAZIT-72 (29.7 mg,
39.7% yield),
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Figure 2.60 600 MHz 'H NMR spectrum of P;.; measured in CDCl; at 50 °C.
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Figure 2.61 150 MHz **C NMR spectrum of P,.; measured in CDClI; at 50 °C.
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Poly(3-alkylthiophene-2,5-diyl-ran-3-{10-[6-(4-octylphenyl)naphthalene-2-yloxy]decyl}thiophene-2,5-
diyl) (P1:)

M10 (7.9 ul, 0.025 mmol) & M1 (90.2 mg, 0.127 mmol) % T . B TEA%{T>7- (46.8 mg, 61.3%
yield),
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Figure 2.62 600 MHz *H NMR spectrum of P,.s measured in chlorobenzene-ds at 100 °C.
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Figure 2.63 150 MHz 13C NMR spectrum of P;.5 measured in chlorobenzene-ds at 100 °C.
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ZENTEDN, $-EBREDHIZT SALKFBREICLDZUENLETH L2 L, ma A b - @R
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Figure. 3.1 Methodology for preparing porous carbons.
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ZiL6, 7, 8D N a—AEKIENSK Do B y-v 7/ BT FA NI UBRBFELTHD, 7T FA
N COEHEREO KB E BT 52 LD, BRx RIFRICFIH SN TWDEDR, I—ARrF ) Fa—
TRI T T 2R EDTF ) =R EOBEEERORER P EHH LoD, v raTX AN Uk
JEEE L2 REMELOBAEFIIH F W £ < 720, Bl 2 EkEEOm S 2RI Uz /kEE
(hydrothermal syntheses) (2 & % RE(LG] °Ca-2 7 BT F 2~ U > OB RIRFLY O ELILEF
X XU AMREOBEG N D, /T XA N UEFEE LR RIIR & o FE B o R
EWVD BRIZIERT S &L E S Dennis HIT X Do 7 BT XA MY UEKEEDSM T TV RIRE
922 &ickdmy MREEORBO®RE T AFHRERY, BRRRFBRFO®REFHH Y. W. Zhu
SIEB-v 7T ¥ A b VKRB EZMEE L & b~ A 7 a4 5 2 LI L aoetEiR
FRAFEZEHLE M HUDIZYZ7 0T 2 U U 2ERRTH CNEVE 2 Z Lo X v BikRFEL L,
ERA A UNTIRE L CEOLRE DSBS B HOEME IR R & FEBL LT 5,
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VI, ABICED, 7 aF%2 ) vOFa—7RKiERORFKNRES Y, -7
TXANY VKERE T N EORRELCH T L OBS AT S, AL EIT S &
I EME R TET, AR um~+2um O F = — 7 REENE L, T/ eTE R MY U0
RSN LD E i Sz, AIFZETIE, 2oy 7Z7uesfFA RN v~ /X a—T%
IREAVIEELE LTHW, ZHMERBORLEITO) Z 2B 2 T2, 70T XA N U FITBRHESC
IKFEDEIG N L, MBGEIE CHEET DNV & FRRIND, DD RE[LIEBE TR BEIR
BRSO EERFBILESEL Z N TEUTL, BRSO ZERNTED L EZT, Fa—
TAROIRITER & Be72 0 ) —IZUHET 5 Z & DBREEZ2 DT, W ZER A RFFT 572 OICFFITH
HEEZT (Figure3.2), E5HI2, Fa—TRIROREMEZDOLONIEFICELL, L—P—7T

TL— g A X DY 2 PIEFITIR AL LR,

H-o

Figure 3.2 Images of structured precursors and their carbonized materials.

% < OFBEDITINEYREL S HEE, WRICHLIETE 2 18 5 72 O JRBHER - MEE 2 HERr 2 =
CITIERICHRETHD, v /uT XA RN v uXa—T7 L ERMERMEFERE TIE R T
B EERN DD ERIROT-OEM LT LE Y EPHEEIND, LvL, 7T X2 ) i34
Boe Fax Ka2GT 57O MG XD EHB(EDAFRETH 5, F 7 fFRICITaERE
BHETDHEV)ERRME AR LT, NENSOERIBIEEZITY 2 &0, MIEMEAABESES
ZEICK VTR R R D LN ARETCTH D LIRS CE D, T L) REEAND, AWFET
Fy-v7uT7FXA N v A 7 aFka—TORFEEWEZIT-7 (Figure3.3), £9y-v 717 %X |k
VowAr7uaXxa—7 %R L CRF L, KICITUFERF—E L 7R, isocyanate CFE 7 1 7
A R &AW TALFRRIZEE & IR FBALRIIZATV, JEIRHERR IR R & kA 72,

Carbonization .
(pyrolysis) - '
N l I o
5 um
v-cyclodextrin microcube Carbon microcube

Figure 3.3 Carbonization of y-cyclodextrin microcube.
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3. 2 fEREEBE

3. 2. 1 y¥Z7usFfAb)rvAfru%a—7OMELRFE

FPF oy uTFRRA M) rvAf 7 uFa—TERERYEBEIC, -/ T XA N VKR

KT A TFL, AUTEKREART 52 LICE V572 (CDwpe)e I DY-v 7 27 % 2 K
U (BA#ALT) & CDoupe P EAMBHAMEL (SEM) TE % Figure 3.4 IT-7, Fﬁﬁ&@y D= Ak o7
U ATREETIR Z R 2220 B um 5 Hum O R TH > 7= DIZHKE L, CDeype 1L 235 um 2> 5
10 pum B DL IR T o 72, £7-. Figure 3.5 ICHIRDY-+ 7 85 % A kU . CDeye. CDeube

HEZEEEE LTS OO X BREHTHIER S Z 7R L7z, CDube t%. FRIAMEEERORMTH 5 20=7.5° D
G —27 2R LA, BEWGHREITO &, TNHDOE—7 13k Lz, /K= acetone M3 Sh ik

DHEFFICHNETH D Z EDRBREN D, £7o, STk P8 22512 X BRIETRIE RS R 2 Lz & 2
7. CDeue I3 Figure 3.6 ™ X 912, HAMREEANIE S RICERB L EETH L Z 0N bhrotz, IE
S ESSL T RTER ZTAED EIR L 7o TV D ERIBE N D,

Figure 3.4 SEM images of native y-cyclodextrin (left) and CD¢yye (right).

Intensity (a. u.)

I Native y-cyclodextrin:
i CD¢ype Vacuum dried

10 20 30
20/ °

Figure 3.5 XRD patterns of native y-cyclodextrin, CDgype, and dried CDype.
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Figure 3.6 XRD analysis and suggested structure of CD¢pe.

WIZ, CDoupe PIRFALEAT STz, T FEPFHA T, 1°Cmin ™t F 7213 5°C min* 3 ¢ 900 °C
FTERE RS & A THRF(EZAT - 72(C1(CDeuse), C5(CDeute))o € DGR, B OB R & 13
A< B BB O RFBIC A S S T- (Figure 3.7(C)) . SEM & W CREL < 8152395 &, C1(CDeube),
C5(CDgube) & ®IZINEEFE T CDeyoe 23FlAE L . Z DRKATA L & BITHRBIESETL T o
T &BEZ oD WIRORFND TH Y JFEHEIRIZ A S HEFF L T\ edro 72 (Figure 3.7 (a), (b)),
L0 BT THNEL L 72 C5(CDewe) 1X L VIR KE Do 72, DRSIENEIRIIE Z 72729
WCEDVHELLGREEELEZZDEEZBND,
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C
( ) CDcube

1°Cmin™", up t0 900 °C W~ 4 0hiation

under Ar
m CI(CDcube)
e ——

Figure 3.7 SEM images of C1(CD¢ye) (a) and C5(CD.ye) (b), and pictures before and after carbonization
Of (CDcube) (C)

ZD LI, CDype ZRILEEZ2 L CIRANT 5 & RBIGBE TR L TLEW, BRE2 M
FEL2WZ ERbhrotzD T, 7T FHE F D CDeype DEEERZEZ (TG/DTA) HIE% 10
°Cmin OFIRHEE THIE L CZDJFN%ZE% L7 (Figure 3.8 (a)), = D, 306°C Z# ™ —27 L4
HWWBAED 8 1 | [RIFFIZ 270~400 °C DT 75% D K& 2 BED N A LD Z ERNbho 7278,
B AT LIxTERDN ST, T T Ay N L— N THDHIREE TMELL 7= CDeye % B
L NFIAMBECTHER L= 2 A, 270°C TlEbTMhICHBL BB EZII LD L OORRITITZE(L
INTRINS T2, 2785 °C T L= & Z AR L, it L= (Figure 3.8 (b)), <
DAEFRD B CDeyupe 13 270~279 °C D[] TRilfiF 2 Bilha L | RIFFIC RGP ETT 5 Z & Db o7z,

83



B L nT XA MY SERKORELH

(b)

278.3 °C

DTA /uVmg™

20F -
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Figure 3.8 TG/DTA curves of y-cyclodextrin and CDqp. at a scan rate of 10 °Cmin™* under Ar (a), and
pictures of CDpe heated up to 270 °C (upper) and 278.5 °C (below) (b).

TR IR B A B CL(CDeupe), C5(CDeype) PHEEZ LV FEL K FARD 2D, ERIETTITK TO
RS E 24T > 7=, Figure 3.9 (@) (2 C1(CDeupe), C5(CDeube), TR DY-> 7 7 F A R D
77 K TOZRERWLAESIEAR % . Figure 3.9 (b) 1 Non Localized Density Functional Theory (NLDFT) ¥
(2 KV R L7z C1(CDeyse), C5(CDeune) DAliFLE 5341 & 7= L, Tablel |2 C1(CDgybe), C5(CDeybe) PR
FAIE (GO N mEIY O EBIRFLATOEE) X100 (%) & EREBAZLRGEN S
Brunauer-Emmett-Teller (BET) 75 2k W BH U7t #EAE (Sger). Langmuir iE P Ik v BH L7
PR THIAE (Stang) « s 15 AT L 0 BHY U7 MU R THFE (Stotar) AR (Sext) « X 7 2 AL T (Smicro) «
27 LERE (Vmigo) « FHXTE 0.98 TOWEENSHH LIZE2IEE Vew) . NLDFT £ X 0 sk
DI — 7 HIFLEE (W) ZE D7, HIROy-2 7 072 F Y AT E A EHIFLZF - 7208,
RFEACNTE LI M E THD Z LR -T2, REAITE BITARFSE TR E 2R %2R
F- L9 BRI 72 ITUPAC IZ X 2080 | LSRR A2 /R L= T, 27 v il (ERZ BT 2nm
LR OMFL) MEIRFETHD Z ENboro7= (Figure 3.9 (a)), NLDFT J&IC X 2 CHMALED
—2713059nm TH 5 L bh-7- (Figure 3.9 (b)), BET ik, Langmuir %, o 1EIZ &L VR 7= R
BIXZENZEN R > T\, BET IEIIZBRAEZRITRE LTV AT/ LR 2 >4 Rl D
IR B TIZIERE AR D B2 ND T, a5 E 7213 Langmuir 3512 K D R 728 K 0 EERD
IS E TARE D, o LR ERTE C1(CDeupe), C5(CDeube) TEALZEH 1226, 980 mig ™t & L 0 32
UWNFHRIEEE TINEV L 72 IR FAEI DIZ 5 D3 25% K & o7z, MFLIERITIZIER—TH Y, £7- SEM
BIEAER DD CL(CDue) DIE D DN E 7R (A 7B A— I A ZD) fJLEH L TN =D TERER
ETEXDLMAUCT 78R T D70 OFREBHPKRE | Bk SN MALZEHFIHTETWD LR
N5, /-, BEOHER® TH LV IEOFIEHE TN L5548 L0 bW R E T L
Tra-> 7 a7 XA M) URFBAHOIZ O BEHEEHRBAIREZ N ERHESINTWS,
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5 200k, sanaransa - 4~ C5(CDgupe)
‘T@ ¢ C1(CDcube) 1 >D'
8 4 C5(CDcype) C0.1F —
210 " rep
] !l
0 . 1.5 2

0.4 0.
PIPo Pore width /nm

Figure 3.9 N, adsorption/desorption isotherms of C1(CDype) (black), C5(CDue) (red), and y-cyclodextrin
(blue) (a) and pore size distributions of C1(CD¢ype) (black) and C5(CDype) (red) from NLDFT calculations
based on N, adsorptions at 77K (b).

Table 1 Carbonization yields, specific surface areas, pore volumes, and pore widths of samples.

BET Langmuir | o NLDFT
Sample Yield SgeT Stang Stotal Sext Smicro Vmicro Viotal w
(%)* |/m*g?t |[/m}gt |[/migt /m’gt /m’gt  /emgt | /emPgt | /nm
CL(CD¢ype) | 12.6 975 1107 1226 34 1192 0.370 0.399 | 0.59
C5(CD¢ype) | 12.0 774 890 980 25 955 0.296 0.317 | 0.59
v-CD 0.909 0.00334

& Carbonization yield (at 900 °C) = (weight of carbonized product) / (weight of starting substance) X 100 (%)

3. 2. 2 AWER—VEUIICEARRHEERZ(

3. 2. 1DOEREMNS., CDeupe ZAIALERZ U CRNMRIRENLT D & b & OIIRZHERE L 72\ i
MRIRFZE L R D Z enbholz, £2TC, RUTHF Lo VRLHE ® O HEE K FZ I 2D R
ThdEREINTWNWDLITUE R— U TR ERBLRNCITo T2, T VR F—E 2 7 133le %
0.01Torr LA FIZIE L7205 3 U EORMAKIC AL BT Z 212 V17572 (CDopel2)e IV
FR—FRICT VTR T, 1°C min™ O#E T 900 °C £ TRFE(LZIT>72 (C(CDeupe.l2))
Figure 3.10 () (2 C(CDeype.l2) DR FALEL D TE AR L2, CL(CDeype)S® CH(CDeype) lFHLIR D fic 57
It TH > 72M, C(CDupe L) IFTFI & 7207, SEMBIZE A TSI 2 A, —HOE SN
FEIZ72 5 T2 b OO, AW Z HERF LT RO IRFLH TH D 2 & M3 D 517z (Figure
3.10 (b)) . & 7= . Figure 3.11 {2 C(CDeype.l,) D18 R 75 - BT (Transmission Electron Microscope, TEM)
BIEFE R AR LTz, 900°C &\ ) B HKIR TORBE(LM 72 DT, FrioRE#E 2 b2 T L
77 ARFETH o7z, TGIDTA RIEZAT > 7ok, CDoupe P¥tr D 270~280°C L ¥ H KV 250 °C
NG, WEAE M) B EEEDNE S TWD Z ¥ bioo 7= (Figure 3.12), AR BIAET D
270~280°C £ ¥ HAKIR.D 250 °C 7> & 43R SO TP - TEGGE 2 E OBk bl Z 7 Z LT &
D RPN, EORERIPIRMERHRFR LN FEBR SN & B 2 T,
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(a) (b)

C (CDcube'IZ)

Figure 3.10 Picture (a) and SEM image (b) of C(CD ype.l2).

DTA /uvmg™

0100 200 300 400 500
Temperature /°C

Figure 3.12 TG/DTA curves of y-cyclodextrin (black), CD¢ype (red), and CDgype-I> (blue) at a scan rate of

10 °Cmin ! under Ar.
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Figure 3.13 (a) (Z C(CDeupe lo) D2 R MG SEMR % . Figure 3.13 (b) (&R BLAE SRR
NLDFT #£IZ & U B L 72 C(CDeupe-l2) DAEFLAT 227~ L. Table2 (2 bR A7 & OEHTHE R4 F &
W72, C(CDeypel2)lE CL(CDeype) & RIARIFIER 7 B LD A EH T HLAMME TH 7D, agiBIZ &
0RO T-EEFHEFEIL 861 Mgt TH Y . CL(CDeue) & 0 /NEDr o 7=, FMFLAIA 1L CL(CDeue) & 0 00
INE S TE, RERET -T2,

(a) (b)

T ' T - T T y 0.06
200 _ i
0.05 .
— 0000880888 SOSIIEIIIRIRFRINIINITRAAR 2R I
o
(|/_) ® C(CDcype-l2) ] 0.04 n
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Figure 3.13 N, adsorption/desorption isotherm of C (CDue-12) (a) and pore size distribution of C
(CDg¢upe-12) from NLDFT calculations based on N, adsorptions at 77K (b).

Table 2 Carbonization yields, pecific surface areas, pore volumes, and pore widths of C (CD¢ype-15).

BET Langmuir | o NLDFT
Sample Yield | Sger SLang Stotal Sext Smico Vmicro Viotal w
(%) | /m’gt | /mPg?t Imigt Im*gt /m*gt /emg?t | /emPgt | /nm
C (CDepe-l) | 200 | 686 754 | 861 | 10 | 851 | 0260 | 0.268 |0.55

& Carbonization yield (at 900 °C) = (weight of carbonized product) / (weight of starting substance) X 100 (%)

ZDE T, RFEACHNT CDeype 12K L T U E R—T B Z(T 5 Z L2 K0 F 2 — TR EHERF
LieFERFETHZ LTSI Lz, LrL, FILEREMELI T AT VER—TF
(AWL%FEE ~2.5Wt%) CIZIRMERFNIRIZIZ S D BB o7, I U K—TReORENE O RS SR
SONZENRKE L TEZLNDN, FEMEOEWEREZIT O 72D, ALFAUEIC X DR
Bhik a2 2 7=,

3. 2. 3 isocyanate (2 & D LERIBERGALEE & IR F AL
3 v F N—7 L RIERIC B R CORRZ T IE¥ = — TR E MR- T E FIRFTH Z &
MAREIC/R D &2, 7T XA M) O Fufxd G LTY LY Ui Z KT 5
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hexamethylene diisocyanate 35 X O m-xylylenediisocyanate % F\ 7= 224G 4L 21T~ 7= (Figure 3.14)
Figure 3.14 (b) (237 m7 % A h U > & hexamethylene diisocyanate & O )i DFERIX % 7~ L 7=,
HCIEfI D7D — ke Rax D2 b —2Dh %R LTz,

(a) NCO
OCN.__~_~
NCO NCO

hexamethylenediisocyanate ~ m-xylylenediisocyanate

=
OH \/\/\/\N o
2 + OCN SN NN —— @\B’

Figure 3.14 Chemical structures of isocyanate cross-linkers used in this work (a) and a schematic
illustration of cross-linking reaction between y-cyclodextrin and hexamethylenediisocyanate.

EFT. Fa—TRRERSTEE T DX E2RD 72D, PIHERZIT> 7, Figure 3.15 /%
CDeupe & THF IZIRIE S H 2R D SEM B TH 5, THF H1IZ CDeupe M2, 24 h FEEE L 7R,
CDeupe (Z#FT TLE 272, —J5 CDoube & THF TN A, $HFPETIZ 24 h k& L 725551 THE ~D
RIERT & F 2 — 7RI L o T2, RIS 2 —T R EZR L TCLE S = kﬁ‘bi))’)f;@f\
DRGSR 2 T T o 72,

24 h, with
stirring

24 h, without
stirring

Figure 3.15 Pictures of CDe before and after soaking in THF.
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BEKE I 1E hexamethylenediisocyanate & 7= 14 m-xylylene diisocyanate @ THF ¥&#%H1Z CDeype 2
DS ETAT o7, 248 D CDeoupe [ ZZRIEHIOFEFUZ LV | CDeupe-heXx, CDeupe-xyl & 7%, ZR1E X
JEDEFTIZ, ARAMRIL (IR) AT FUIZEBWT, UL H UERICHKRT DOV AR= 1oy —2s

(1700 ecm™) NHBNT=Z E BN T- (Figure 3.16), E£72. ZUERTD CDeupe 1T KT & < 1Af#9
O L, 22481 D CDeype-heX, CDeype-Xyl IXK VAT M L, 0k L7z, C, H, N TR0 #E
REHAW, ERITETEBHHXRTHLZ 0D EEEE S 7aT7 XX N v 1o 7Ioxd 54546
D8 wRDOTZE A, CDeype-hex DZERGEZIX 0.69 T Y . CDeupe-xyl 13 0.47 TH - 7=, Figure
3.17 |Z284% % D CDgupe © SEM BIEIKE R 2 7R T, CDeupe-hex 1LJFUEE & 2513 FL S 4072 52 o T2 23
CDeupe-Xyl 1ZFHENZ MM Uz, ZEME 1L CDpe-hex DIE 9 MR E WO T, RO MO FEAEIL
LGSR L IXEEAR CTH D ERBIN D,

T T T T T T T
—vy-CD

-~ F ——CD,ype-hex —
> = CDcupexyl ‘
8 |
: |
Q
C
CU |
2
Qo |
[72]
0
< |

' . I . I . I .
4000 3000 2000 1000

Wavenumber /cm”~

Figure 3.16 IR spectra of y-cyclodextrin (black), CD¢ue-hex (red), and CD¢ype-xyl (bluge).

Figure 3.17 SEM images of CD_ype-hex (left) and CDyne-xyl (right).
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CDeuve-hex 38 L OV CDe-xyl 2. ZHZH 1°Cmint & 5°C min! T7 /L= RPHA T, 900 °C
F CTRFE(LEIT o 72 (CL(CDeue-hex), C5(CDeue-hex), C1(CDeupe-Xy1), C5(CDeune-xyl)) . Figure 3.18 {2
C1(CDgupe-hex), C5(CDeupe-hex) > SEM F-E.% . Figure 3.19 {2 C1(CDeype-Xyl), C5(CDeupe-xyl) > SEM
BEZ 5T, WTFNOBERBHIORE S, K0V 1°C mint OFIEIEE TIME L 721F 5 23 EEHE IR
EHEFF L Q2 o< 0 & LEEFEBEE ClIfld itV fiibs 2z bnbd &bl B
OB EIT Lo W2 E B XD, £72. CDaperhex DIE 9 75 CDe-xyl & 0 & FEARHERF) R
D57, CDupe-hex DIFE 9 DEERDNE D> T-T- 0, lfEE L0 RIS e RN Tx - L
IR NG,

Fig. 3.19 SEM images of CDue-xyl carbonized by heating rate of 1 °C min™ (left) and 5 °C min™ (right).

Figure 3.20 (a)IZ. C1(CDcube-Xyl), C5(CDeupe-Xyl) D %E 35 Wk fiii 45 S5 IR 4R % . Figure 3.20 (b) (ZHHFL
Beorfiz s L, Table 3R IIFER & DfITHERZ £ L iz, MIEEIToTAER, L bz 7 mil
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PEOWE T -T2, o IEIC L VRO - R AL 916 m* g™, 833 m° g™ &, CL(CDeyre-xyl)DIFE
MR E o T, MALEESAITIER L@ > T, X 0 TRIRHERF STV D CL(CDeype-xyl) D
T MERAENROCOCRE DS, ACTEMAIZE THLEIBTWEZ RIS, FiiHE
FEWCBE DL TEVLEIC LV RO I 7 v LA LD, 2 70 flicT7 7 B AT 570 DORMEREN L
D FEARHERF S4L72 CL(CDoupe-Xy)DIE I DR E W=D THDH EE 2 D, CL(CDepe-hex) &
C5(CDgupe-hex) 1£ZEFRBMAE R E 2R Te b DD WAEFHEITET 5 F T RRRMAZE L727
DICHIENRE T 5Tz, BRNPAL—RTEME TE WL D 2IEFIT NS I FET S 72
bEEZLND,

(a) (b)
— T - - - 0.15—— :
200 ]
N gueREEEE I M i 1
- ‘MMA‘- - 01 B ]
@ B 5
‘2 ®  C1(CDcybe-xyl) P —— C1(CD¢ype-xyl)
S10 4 C5(CDcypexyl) © [ —4— C5(CDype-xyl)
& 0.05
> I
1 ) | 1 | 1 | 1 0-
0.2 0.4 0.6 0.8 1 . ; ae

PIPy

Pore width /nm

Figure 3.20 N, adsorption/desorption isotherms of C1(CDgype-Xyl) (black) and C5(CDgyne-xyl) (red) (a) and

pore size distributions of C1(CD,ype-Xyl) (black) and C5(CD¢une-xyl) (red) from NLDFT calculations based
on N, adsorptions at 77K (b).

Table 3 Carbonization yields, pecific surface areas, pore volumes, and pore widths of samples.

BET Langmuir | o NLDFT
Sample Yield Sget Stang Stotal Sext Smicro Vinicro Viotal w
(%)* |/mgt|/mgt |/m’gt /mgt Imigt / / / nm
em’g | cmig
CL(CD¢ype-xyl) | 20.3 734 810 916 20 896 0.273 0.290 0.59
C5(CDgype-xyl) | 19.2 665 735 833 11 822 0.253 0.262 0.59

& Carbonization yield (at 900 °C) = (weight of carbonized product) / (weight of starting substance) X 100 (%)

Figure 3.21 {Z CDeupe, CDeube-heX, CDeupe-Xyl @ TG/DTA HIEHE 5% 7~k L7z, 300 °C Hijf% TR
HEBDONDEZ D &0 ) T8 L TV D28, CDeybe-heX, CDeune-Xyl 13 CDeupe P & 9 72 K & 72 W 2
ZoR &, DTA HIRRIIEEBANIZIERIFFCE Z > TW D A b N A MRk Th o 7=, £72, &
B D ¥ — 7 13 CDeupe, CDeupe-eX, CDeune-Xyl TZ 1241 300, 326, 322°C TH V) | ZLAGHLERIC X
> CHBIEREL e o T2,
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— CDcype
—— CD¢ype-hex
— CDcypexyl

l L l L l L l L l L
100 200 300 400 500 600
Temperature /°C

Figure 3.21 TG/DTA curves of CD¢ype (black), CDcype-hex (red), and CD¢ye-Xyl (blue) at a scan rate of 10
°Cmin* under Ar.

CDeuwe-hex ZJ5EFE L, TG/IDTAIZ L - TR
W EERD N5 Z LR bho Tz 270
°C~320°C % 0.2°Cmin ' T, Z DO OIRE % 1°C
mint TRFEAL L=V o T L0 RFB(LRTOR
ROMEEFESH TR Y (Figure 3.22) . LRSS
T 1322mP gt K& o tz, LavL, 270
°C~330°C % LV p-< Y & L720.1°Cmint TH
R LU IO ERfE e ETT7T2m gt T
HoT,

Figure 3.22 SEM image of carbonized
CDcupe-hex heat-treated from rt to 900 °C at a
heating rate of 1 °C min™* except the rate of 0.2
°C min™* during 270~320 °C .

EQN CDcube'XyI ZJFELE L, 270°C~320°C | &/ ' g '/ «‘17_‘

% 0.2°Cmint T, ZDOMOIEE% 1°C min' T
FL L7271t CL(CDuexyl) &£ 0 00
RHEFF SN TERY | o VEIC K D ML 1264
m?g ' & CL(CDepe-xyl) £V K& Dotz
CDcube'Xyl %f 3 '7% }\‘—‘701./7%@‘5) 1°C min‘l“C“
BB LT T TR IR 2 L SHEREL T F
$ 0 (Figure 3.23) . as 1512 L D e mifEIL 1244 m* &
g CThotr, FUHEN—FIILEE A fE L 72
AEHZ SW T B IRIRHMERF IR TH o 72,

Figure 3.23 SEM image of carbonized CDye.Xy| heat-treated from rt
to 900 °C at a heating rate of 1 °C min* after iodine doping.
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3. 2. 4 [B7uTA RICXDLFOEELE L RFEL
Yr/uTF ALY ot FeXx LG L TR AT VG 2T D87 v 74 Fa v

TG ROG B AT - 72 FHW 72288851 malonyl chloride, adipoyl chloride, isophthaloyl chloride & %

(Figure 3.24), FUSMTHAL I LS 7 D& E B LT= 7 T A 2T THF 2L LTiTV., ERT
Bt &= D BIEFT 5 2 & THAE LIZHEALKET A %2 RN LTz, ZRE R OZ4EHZ v
CTHUNE )G 21T > 72 CDeupe 1. CDeupe-mal, CDeype-adi, CDeupe-pht & 9%, Figure 3.25 (Z malonyl
chloride % F\ /=356 OZEE RS OFEXK 278 LTz, 296G OHEITIZ IR A7 kLT 1730 cm™
DE—TNHELNT-Z L VR L7 (Figure3.26), F7=. & CKIZRETH V., BB KIC
FW, DX ALV b= AT IUREE DIZ O BBUKERE WO E B2 b D, ZRER ORE
I$427C isocyanate & W2 ZEEIR L W 9T T L LTz, £ b O SEM BI85 R % Figure 3.27
T, B2THa—T7IREHERF L TN 223, CDeype-adi, CDeype-pht 13 I M A4 U7, Bl
N Lz, MvbFa—T R TH o7,

@) Cl
O O O N
Cl
O o

malonyl chloride adipoyl chloride isophthaloyl chloride

Figure 3.24  Structures of acyl chloride derivatives used as cross-linkers

> Cl Cl omo
2 + Y ——
o O

Figure 3.25 Schematic illustration of cross-linking reaction using malonyl chloride.

—_—-CD
| = CD.yne-mal
e C D ype-adi
;:‘ = CD¢upe-pht
8
[0}
Q
c
]
Qo
o]
[72]
o]
<C
C . | . | ‘ |
4000 3000 2000 1000

-1
Wavenumber /cm

Figure 3.26 IR spectra of y-cyclodextrin (black), CD¢yne-mal (red), CDcype-adi (blue), and CDype-pht

(green).
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Figure 3.27 SEM images of CDye-mal, CD¢ype-adi, and CD¢ype-pht.

TN ET LA FEEL T, 1°Cmin® T 900°C £ THLH L 7= KFE L% CL(CDeype-mal),
C1(CD¢ype-adi), C1(CDgype-pht) & L. Figure 3.28 |Z SEM B E %7~ L7z, CL(CDeype-pht)iT A< 72
STELODHHEEL EOFREE O TE Y, CL(CDee-mal), C1(CDeye-adi), it R HELRTDOFIR %
FRIZ L S LTz, CL(CDpe-mal)idF = — 7RO AN 25 FTICmRBlLINTEY,
HIBHELIEHMRIRTH o7z, ZEROGIC L REDBUKAIZRD | @WL@E{J _ﬁ%le—iww e
LCLE) ZEBRHRNTIZ ENRFEL TV 5D EB 27, CLCDype-adi)ITZEMGEI1C L 0 RifIZA Uiz
Mz L2 b0 L B 2 MMABIE TE 7o, ZO/N S 72 MM EIR| _ﬁ/ﬁjz éﬂi\ ENERFF LT
FFERBIETIUIA Y - w7 BfEIRO LD RERIEERTHZ L LAEEICR D & TSN,
Figure 3.29 X & iR 2 DB R U A E R E T BAMMEE (FE-SEM) |2 X 5 CL(CDeye-mal) DELELHER T
b5, FEHEREZ L<HERLTWD Z EREND BT,
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Figure 3.29 FE-SEM image of C1(CDgyne-mal).
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Figure 3.30 (a) (2 C1(CDeype-mal), C1(CDeype-adi), C1(CDeype-pht) 0> 28 35 W i35 2 1 5% %2 . Figure
3.30 (b) (Z NLDFT {EIZ X 0 B Lo &~ L, Table 4 |2l REMEFOR MR EZE LD
72o W& fIE C1(CDgype-mal), C1(CDype-adi), C1(CDpe-pht) DIEIZ K& < | as tbRmFEIZZN TR
1346, 1140, 1087 m* g ' Th o7z, Fa—TREMHERF L T DI ELLREBPIRE A0,
C1(CDeyre-mal)iZABFFEIZ BV CIE L 7o RFBACW D 72 ) The bW BRI 2 7R L72s, AL
IYAIEHANZ B S BICTU, CDepe % RIALER 72 L CEMLER L 72 C1(CDeupe) 1 I K & 72221 % & D UER
WTHDHI2, mEREMEZ EBT 5 DICARRERRKBOESERD L 5> R THY . —F
C1(CDeype-mal)iZRAEFEN K E < 720 S50 (ERDPEBAE TERWVAKILNA L 0T ) *
2—TIRTH D, T H 030 59 CL(CDeype-mal)iF CL(CDeype) & V¥ b bR FE 72 > 72D T,
TR ZHERFT 2 Z SIS Z M T 272D TH L B2 DD,

(a) (b)
T T T T
300 assaasaaan 0.151 ]
= |eeerettt e 2 GH{CBewemal) |
5, it S — ] = Ci(coiepht) ]
? %“ i
ke ¢ C1(CDgype-mal)
1o = creo™ohy A 0.05]
0 0. ' ' 0.8 1 0

0.4 0.6
PIFy Pore width /nm

Figure 3.30 N, adsorption/desorption isotherms of C1(CDgyne-mal) (black), C1(CD¢ye-adi) (red), and

C1(CD¢ype-pht) (blue) (a) and pore size distributions of C1(CDgye-mal) (black), C1(CD¢ype-adi) (red), and
C1(CD¢ype-pht) (blue) from NLDFT calculations based on N, adsorptions at 77K (b).

Table 4 Carbonization yields, pecific surface areas, pore volumes, and pore widths of samples.

BET Langmuir | o NLDFT
Sample Yield SBET SLang Stotal Sext Smicro Vmicro Vtotal w
(%)* | /m’gt |/mig? /mig?t /m’g?t /m’g?t /emg?t | /emg?t | /nm
C1(CD¢ype-mal) | 11.8 1090 1288 1342 59 1283 0.407 0.457 0.55
C1(CD¢ype-adi) | 12.6 917 1054 1140 37 1104 0.348 0.385 0.59
C1(CD¢ype-pht) | 16.2 870 987 1087 24 1063 0.331 0.353 0.59

& Carbonization yield (at 900 °C) = (weight of carbonized product) / (weight of starting substance) X 100 (%)
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3. 3 fmm

FRRIEIR - A2 A L, IR X 2y-v 7 uaTFx R N v~ I nFka—T7 kRFER
BhE LCTHW, S LIRFBORE IR LIz, -2 7 BT XA N r~A 7 afka—7 &Rl
LTCRFNEITO &, RF(LBR TR L. T AL & bICREL - BRI EIT L & Bb
o, ZEORERIALEGT HWMIRORFENGONT, -2 7T A RN v r7uFa—T
1% 270~280 °C LL b2 & Ffif & Ay fiE A EIRFICIEE Z > T L& 9 O T, B O & 250> L7 [R5 % TRl
THOIIE, WEE 2N ORBILT D ZENTFETH D EE X, 7. ZFEOIRHEE?
RFRENHAN THLIVFE F—T %1700z, SUVRRF—T1IY I —ERIEICL, TD%
I UFEOMAARKUIEAL Bl Z L ick 07072, ZORER, AWK 2 HEEE L 72RO R
FEEDLZ LRI LI, 2050 EE LT, Fa—7 I FEBREE i+ 2 L I2 XY
RFMBRETOWMAI S Z e 2EZE2 o, BBEHE LT 7 rT7F A b roe Frdofle
FOGLTCo v URAERT DA Y 7 % — FE (hexamethylene diisocyanate,
m-xylylenediisocyanate) &, = A7 VI Z KT D822 = 7 A N$4 (malonyl chloride, adipoyl chloride,
isophthaloyl chloride) % Fv 7=, &Rl ZBL < %513 malonyl chloride & adipoyl chloride 2312 /& 2>
7-. Hexamethylene diisocyanate & m-xylylenediisocyanate CIZRi#E DIE o NIIRHERFZI RS E - 72
. ZHUTEONTZRBEROEBRN LD EWnd EEZ NG, £7-. FEAFIECEL L, X
Dpo <D EFIREITHT1E D DR S NOT WD Enb oo, THULRIR Az 2 8T
X VRN RFBERILD TN 720 LB 2 Tn, BRWBHENEZITo 2GR, RFBLFFZWD
S EHBREBZ RO U TANIY SHREE TH D &b olz, £ 2 CRIMRENE
ZAHMENREAZIEFICP - W & LTz (0.2°Cmin?t) FiEA B — FTMEA L 4G 8, LR AR
KTDY TN o7 (CDupexyl) . EHlo THATEHH 7Nt 57- (CDee-mal) DT,
FARE I TRE R E N D 2 ENRIE SV D, b RER A EBL L2 DIX, &b IIRMER)
A3 D> 7= malonyl chloride FRFE(LHTH Y | 900 °C £ TIRFLEIT 72721 Tl a5 T 1342mPg
TRV BRI A FEH Ln, EREAENEIZ X0 RO AL L LT
RFCEAT S TR FE DD, RERERIRL, MAROE—21205~09nm Th o7z, ¥
22— TR EMEFF L E EmRBLEINTZREHZOW T, /L TIEEY 7 8T A MY U5+
DOFLEII R Z 2R3 0 < ZORERBVLEIERE CLEUE - 7oLk S LB 2 7o, Frlz k<
¥ 2 — TR B R L T2 R FE(EW CL(CDepe-mal)iE, I 7 1 fLIZT 7 & A9 5 720 O R EFE DA
KD CLCDupe) £ 0 H/hE L, EHREEEIIIIAFTH D EFHEINDICHLEDLLT, £2TO
RET CREOKREEE EF L, 202 0D, FEOX 2 —T7IREHER Lo FRFLT
HZ X, mERABOEBICAN THDL ERBIND, £12, Fa2—T7BRE L ORBHEHI &
THLE2ELWOT, HEBEAT DI EZ2IEN LIS ARERSC, mic L v g N R 5880 EH 7
L. ABROERPEIFFCE D,

3. 4. 1 WE
IR 227 kL% Nicolet iS5 (Thermo Fisher Scientific) % FVNTHIE L7z, "RAZYEE &
(TG/DTA) €1 EXSTAR TG/DTA 7300 (SIl) & 721% EXSTAR TG/DTA 6300 (SIl) % v T, 10°C
min™ OFf 5 EE TITo 72, IRF(CAFRIT T S RUEFTRIO BRI & AV TITo 72, XRD HlI7E
(213 X’pert (PANalytical) £/ L. Cu-K 8t (A=1.5414 A) % v 7=, EBAE FHEKSE (SEM)
%313 SE-SEM (JEOL) TAT-o7-, ZEFRWMiAs HIE 1L BELSORP-max (BEL Japan) & 7-(3% SA3100
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(COLTER) & W TIT o 7z, FHiAAIE 7-BAMEE (TEM) #1%21% JEM-2100F JEOL) %, FES I Bl
HEAMET (FE-SEM) #1223 SU8020  (Hitachi) % iV CT{T-7=,

3. 4. 2 RAHK
Tetrahydrofuran (THF) (37K F R Y 7 A2 HWTPHEELIZOBHF R Y 7 AL &SR,
RETHZ LK Lz, ZomoREITe T, AT, T4 T A7 K
FULAC T3, Aldrich D2 2D F FEH L7z,

3. 4. 3 FEBREME
V- 7aTFANY e a%a—T (CDuwe) DFRRE
y-cyclodextrin (8.97 g) & 7K (40 ml) (Z¥&fi# S, 50°C T35h i L=, TOKRRE~ T FF v 7
A B — T — LKA 2 - TR0 B TR LTV D 30°C @ acetone (250 ml) (2 BNy
N L TNA, WikESHIC3h#ERLZOL, K AEIC X 0 EAK KA RN -, EiE
TBEBRETIHKE L, %L,

CD¢ype-hex D3R L

THF (10 ml) & hexamethylene diisocyanate (10.0 ml) DEAVRIEIZ CDeupe 2.00 g 250 H &1, FfRE
FEE T —BUE L=, KIZ, 40°C T4h &S, WE| A X > THRZREIL LTz, H22iE
%47-7- (2.23¢). Found (%): C 41.78, H 7.11, N 1.25.

CDcupe-Xyl DFEHRL

THF (10 ml) & m-xylylene diisocyanate (11.2 ml) ®¥Eé\?§iﬁu CDgupe 2.02 g Z 3 S H, fRFEE T =
T —WiE L7, KIZ, 40°C TAh IS SH, W5l AT &> TR Z B Lz, E2Rga1T
-7 (2.139) Found (%): C 42.14, H7.01, N 0.88.

CD¢upe-mal D7

THF (45 ml) & malonyl chloride (1.6 ml) DIREHHKIZ CDgupe 2.05 ¢ Z S, T TEHIRT—
MR L7, I, 1.5 h i3 S8, o A k> T RZ BN LT-, B2 41T -7- (2.029),
Found (%): C 43.62, H 6.54, N 0.02.

CD.yne-adi DOFFHL

THF (45 ml) & adipoyl chloride (2.0 ml) DIEATAIKIC CDeune 2.11 g % 43 B S & HEFRE T == IR <1t

mgbkoﬁ’ Do Y ERRIREZ ER-S, —ABER Lz, %3581 X > THRZ R
. B2 R A T o7 (2.339), Found (%): C 44.63, H 6.58, N 0.10.

CDupe-pht DFREL

THF (45 ml) & isophthaloyl chloride (2.0 ml) OIEGEHRIZ CDeupe 2.11 g & 43 B S HEEE T =IE T
—BEE L7, RIS, @o<K D EONREZ ERSE, —HEEK L, WSl ARIZ L > ThRz
Y L, BLZ2#iE A 4T - 7= (2.369), Found (%): C 44.43, H 6.38, N 0.06.
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AT, [0 FECSEZFM LM E R a4 7 = ViBERO Gk & >~
7aT XA N VEBEORSELES) CEL, S THCEREE —o0ETAFXF— U — RN LT
OSOWERIRICET AR EITo TR EE DD TH D, HFEA LI, EEOSH1IkFHE
WARLT 7 TN T =N AR ED TR E>TEALTWARED Z L 2Rd, ZOHTE
BIZLOWEIL, IR IZR e 2MEA R L, LE AR U T THo THLEERENRNITZED
BRI R D 2 L2, TORRRREEZ S DL, W ERBICHRET 2 BT, 3%
FHRHEE & W ) A2 AR A AL AGA A T2y TR R 24TV BT REME DB % %
Hig L7z, £, BIOBESND, 7 a7 XX M) O +BIKE/BEIC L 0 EENR 2 7 ek
DOFERBIER I D Z LIZE B L, T ORI 72 WG AU L DEEMEHEIC BT 2 it a2 B8 2 7
otz Thbb, EWEREOT 7 —FHikix, HTHCERA0 (1) EEMNALE (2) Wi
FIHEICKRTE S, BiEIED THCESEZFH L TR - EHIK - SRR E2 R L, Ei
Bl HREEZAIET Db DO TH D, —F, BEITHCOCSAIC X VL SNT-WE % SO RITER
- R, BIE LD O ORMAI: &L L THENICRHAT 2 Z LI LV EmELZAIHT 2
DTHD,

% (e T ARLOS TR AT DB EIRTI O E7 —~ & 7272 [k
L TvraFRa Y v CBT A WETFR ORISR e £ L b, i, SH0
OB E A, i & L.

E NREMET A7 = VFEROG] TiE, RENRIMERED T THLIR I FA T =
(2t U B CR A2 A 2 BRI E S Tl AA T Z L2 E 0 . BER MR S D L
BPAL O H-EIRRME 2 8 C & 2 BRm 0 FOBRBEN ISR D EE X, MatziT- 7,

AWFTEDZ T, o FELANS L0 B ERERRE SRR DRV F A7 = OVE 2 S G
EOEMICEVHETE DMEIZHE TE 2008 5 afat L, S ISR S R I T A SR
Rtk Fro7 == 7 2 L o252 & T EHE MO ERRAE & FLRIIREE TSR RED
RIDDMBI AR TE 20 E 9 BRI % 2 & T FEEEEZ A9 58 LOBERENE & 2040 o
ERBAFEDT ML b 5 Z LICh D,

INETORITHENIE T, FA T2 DINATT I AF LD AN~ —% LT 2-7
=)V F T X L UREE R D 2,5-dibromothiophene &/ ~— & | AR—H—NAF Y RAF LT
HHE/)~v—EAR L, TNOHE A (Yamamoto 75 (A 1) LEHES EAYE (BHE)) OFikE
THEAL, AU ~—P1l-AB & P2-AB %#157-, AIEIZ L Vb7 Y ~—I% head-to-tail 55 DFI
# (regioregularity) 2ME< | AHABEA~OEMIEDF <. FEHORY FA4 7 = HR ORI R 53
BUEDOLDLYEWKETH ST, BIEIZ L VAL AR Y ~— regioregularity |3 90%F2E & & < |
AR IEA~ DRI TR < . EHHHRORIEEN AIEO O XV RERTHDL Z Lnbirolz,
DSC & POM B2 D#ESL, P1-A I AR CHIR /e A 2 7 F v 7 kA " TR ~—Thd &
SHED D LT3, PL-B, P2 CIEBABR R IR T A S e dr o T2,

(CH2)100 O (CH2)sO
m (CH2)7CH3 m (CH2)7CH3
S n S

n
P1-A, P1-B P2-A, P2-B
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ZHIVE TOMZEN S regioregularity DR Y F4 7 = 2 Clk, BIEREEA~OEFREMERO R

UV~ —DHBEFEHIL, FERET 2 502 2MNENRETCHL L WO MERNH - T, £

Z CARMISE Tl 3 LI 2-phenylnaphthalene 530 % A9 D FE 4 DR Y F A7 = UFFHEAROE R & FH

AT, BRI~ OVFRIECWR G E 2 3 5 72 D O 43 TRFHI D W TR R 21T o 72, b D
FRAZLTICE L DD,

(CHp) 100
(CH,),CHs P

P3-A, P3-B

~  P7-A, P7-B
(CHy) 100 (CH3)7CHs (CH,)4CHg
(0 )
P4-A, P4-B Q

§
38
5

(CH5);CH4

28

L A
% 2,

CH,)e0 O i P8-A, P8-B
Q O (CH2)7CHs HyC(H,C)s
P5-A, P5-B CHy) 10o (CH2)7CH3
oo O~y 7 i
m (CH2)7CHs3
7 P6-A, P6-B

(1) Naphthalene fl#5% -2 P3-A I3k aaFH %2 7~ 3, biphenyl Mg % &> P4-A I3 EaFH 27~ L
7275, POMIZ LY PL-AD X 5 R RERIRE NAA L &2FFOT 7 AF v [ TBETERD -
2o ZDZ &5, 2-phenylnaphthalene & (3R Y F4 7 = NG 2 53 5 72O O
BREEL L THLTWDZ ERNbhoT,

(2) F47 x> & 2-phenylnapthalene ] D AX—H — = —F LiEEEZET AR Y ~—P5 D&%
ATz, PO-A MO ATEIZ K W EA LR Y ~— & [AEHE IR T chloroform (Z3&fE L7223,
P5-B (XA T - 7o, AR TEICEI LT, P5-B 1% P1-B & [RIARIC AR 22 da A I 3os & 97,
P5-A bRk Ch o7z, ZDZEMD, AXR—H—|Z—T VHEG L BT D Z & ITfiE
RO R FICFE L nw bR sz, £0—Jjalkoxy # A 7T 5 P51, PLED
alkyl % 4 7 OEHHEX A L ORY v — L0 & BB ROWINE -7 NREETHD (RN
R v v 7)) FEEFF > TWD 2 Enbaolz,

(3) PI-ARKERMN FAL &S D 7e PEN ARG 23R8 & IR FBL AR RE 2 Tk
T5HZEND, TOERNEZHMEIZT 572 2-Phenylnaphthalene #7753 P1 & SCxf D[] & Tl
ALTWAHERY ~—P6 A L., iHliZ1T>7- % P1-A & P6-A OB IMIRB T ¥ L
B RO - FRIRIEFR CO RO S TIEFICLEIE > TEB YD . P1-A, P6-A & & IZHIE /2 X
AT F v VR ERT Z EN Do T, TNENORY v — ORI Y T 5 ET /UKy
FCIE R DB E B 2 R DIk LR Y ~—I123 25 Z L CRILEEIC R 72\ H =
CIERERIRIEWEE R CTH o 7=, DSC, XRD., POM (2 L BfEMT OFEFR., AU ~—DiE IR
RETIX, EBICHD Ao AR Y ~—8HOMABEN AWV AN FIRIZR S 728 5 7, LER
Smectic Al BR[fIRAER & B 7= 010, AW B P-gdha R4 & & 27,
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(5)

(6)

GINZIN
56N i

Wik L > LOMAER 25O, HIEBEEDOK T RAMFFTE 57 vFEIEE P6 D
2-phenylnaphthalene @ 7 = = VELIEAN L2 AR U ~—P7 255 L7-, P7-A I P1-A, P6-A
EFERICREBRMBIBIZRIC L 0 A A 7 F v 7 REFIZRA ORI Bl s v, PT-A
O FEAFE T OE SRR~ DOHEBIEE I XFFE O P6-A L0 K< [FERIC BIETEA L
T BT P7-B O SRR TOE SRR ~OHEEEIRE H 2 9% P6-B OfHEREIR
KU BARVMEABIEE S 4172, PT-B QBB 39 2 BfEtE S P6-B & Hufik L TR0 B L7z,
Thbb, 7 v HFIEITMEERE O dipole moment % HE K X BB ALAEH 258D 5 ATREMEDN &
>72H, T L A 2-phenylnaphthalene iz D EEEIRBEIC W TILIRRE S & LTl & | FHAIEH
ZIRD T80 IR LT=,

B IEIZ X W ARk S5 regioregularity DR U~ — OO W LA BRI, ISR
By T VX VLA FFOR Y ~—P8, P9 Ak L7z, P8-B & P9-BIXPL-B LV HiF

P B U7z, FRIZ, BWES D ivE & ORI A E A L7z P9-B I H R O chloroform (&t
L CHENTEMMEZ R Lz, B D Uilgi %z £ 2 P8-B 1L P9-B L 0 & IEMMEN K

HOO, MENL 7= chloroform (I S5 Z LN T& 7=, —F CTiRERMEIL PL & Bl L T
TL7,

B%IZ, TS LA hexyl LLE DR & @ poly(3-alkylthiophene) 1Z. regioregularity @ &\ AR
V=—Tho CHIRMTHZ ENMBN TS Z Evn, 2,5-dibromo-3-dodecylthiophene &
PLOE/~—% BIEICLY 7 U X LALEEEZITV, PL1-B LV bIEfEOESWRY ~— D5
Rz E L7- %, TH-NMR 25 BAE S o 72 Prg, Pra, Pis, Pis, Po O regioregularity (% 88 ~ 97%
EF< L UV-ViS IR AR R UZuvd i regioregularity @ i\ poly(3-alkylthiophene) D4

a o Lz, HERIECTo 2R Y ~— DO 1, RERY v — TR0/ E T
& VSO NLKREE DN Z 2 bivlc, BAEMEICE L TiX, 3-dodecylthiophene D FIE A3

KEL DIz oA B L, Ppy, Prg, Pos i3 chloroform (Z%F L Z 2 =iE, 40°C,60°C T1
mg/mL LA EOEIREEZ "3 2 & Dy hro T,

Feed ratio M1:M2
(CH2)11CH3

1:0 Pi.o

(CH2)100 O 11 Py
RYIR Q O Cahir 13 Prs
0:1 Po-1

UbZzFELdn e R FAT7 xr b RmEFERAEN G0 FHCSAEE AT HRY
~—MELOYMEZ FIEIT 5 72 D OM B R A R ATV, END AR O Z B 52 L, $t:]
BT 2720 DIREE - L2 RGE LTz, B BETH - SIS 8 R 2 b S R Em ) &
ARLT, P—F by 7 EMIREZFEBTHZ LIk L (P-AHH), SHICHERED T
THDHRY FFAT 2 AROE R 2 B ST 5720, BEREEZEZTP-BEAAK L, L
7> L P-B RIS, MM COMAEMERNEL 20 . ZOFR & U THMIREEA~OWEMIEITE L <
KFL, —F be vty 7t (IEEEE) bHNENRLDICR>TLEST, E8, MIgH
DY ERENE 2 e KIRICHRIE T X D@0 TRk 2 EBRT 5700 M EERZ BB LN b5
BREE (HRAmME. VMRME, PEIRRHE) 28BS 5 X< A REER E MIMERGEEBR 280 KL, £< D
HEAREREGLZENTE L, ZORY ~—2B L CTHANREBEOEBUZITE > TW R0,
T IR AR REME A B 2 BT 5 O 2 TOEMMR 2RI TE R LD L EZ D,
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EE
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{

p=i
Eibd

o [ 7n7 X2 M) VEBEROKRFLER] T, 2 FACSAICR VBRI Dy- 7
7% A Y URBRERREE R DD~ A 7 8 A — NV A XD RIS O TR & HEFE
L7 IR B2 AT,

ARFFEDEFRIT, T/ BEEOHIE SN ZHAMEREME 2GS LME— DO TIETE A b« mERE
AR FIETH DD, ZUTxt L, AR B RO #RIZ X 2 IRFBEFIE THEE T, @i
T ) G CIRFE DO KREA R E AIHRIC T 2 FEEZBR T 280 Th D, — KT, IREMEIOFLIE
0T M O REHIEN L S £ S ERFMHREFEO TRNBLEATERE O FIETIEEI TE 20,
Z TR TITERIERIO T ) ~ X 7 oG R e - EEHERIR BT 5 2 &k, &b AlEEED
BT HEE R EMBFREE TH D E X THICEET L RS R AR L, S - S 7 akE
AR EM BB O LTk - AlRErEZBR L7z 4,

FTHBEEE 2 Dy-v 7 a7 XA N v aFxa—T ZBERICHEND, -7 a7 F R |
U KRR E 77 AT L WTH Lz E AT 25 2 Sk 0 E7-, TNHIEZSEMIZ LY |
—I0 03 um~10um FEE DN G IRIBIRME T 5 Z L AR Lz, X BEITHEIC L Wy 27 a5
XA U~ 7 0% a—TITRBYLAERRT O 7 0T A U o LIRRR Y | ERERERD) DK
LT ENEND DI, BRI I VTS OkERLS) EREMMEIIRT U, MEEREC
FRERZREHTE—r B oz, LnL, BZEREREE S I 7 1 2 LoV TONFIRIRIZIE
BAIX 72 o T,

Zoy-vruaTXAN) v A7aka—T% (AL L T) 7T U GRPHA T 900 °C £
THIBMA L, RFEAEITO &, FEOF 22— TR A2 S KR LWk DORFE L 70D, Th
ITy-> 7 a7 %A MY % 270~280 °C LL B TR g o> Tl 27200 Th 5, Z D7 y-
BT RAN) AT ada—T OIRMEFFRFEZ FEBT 572 DITIE, @i %5 < xR % e
TZENMEATHD Z NN LT OH# CTIRFILEZITWVIRFBIC) DT 21T > 7,

(1) FIUHERF-FLHICLDRMERFRFL® 3 0F RF—TUHETo72y- 7 8T F ALY
vvA /X a—T & 1Cmn 2T, TS UEER TEIRNS 900°C £ THIE S HRE
b LTz, ZORER, BT U LB L, & DREEFREHR Z MR L2 REDHFEHND 2
Enbroi,

(2) LRGN X D IRHERR R B : 7 T A MY Uik e v EE2HT 50 Ty-
vIuaTXAN) v aXa—T EZORIREHER L CRmL» LB Z L
TR LMEZ AT G L, B ORSEIERR A ZENT D5 2 &N TE 5 LB R T, BBIEAIOMEIT
KERIL LB SOR LY VX SR TR T D isocyanate & = AT VRS A TR T DB/ N1
7oA & EIR L T-, isocyanate %A 3% hexamethylenediisocyanate 35 X U m-xylylene
diisocyanate, acyl chloride Td % malonyl chloride, adipoyl chloride, isophthaloyl chloride %
BUEAI & LCTHWE,

NCO

OCN ~"SNeo [ m-xylylenediisocyanate
hexamethylenediisocyanate NCO

O._Cl
o o 't
|
)J\)J\ cl \[(\/\)J\Q c
Cl Cl
O (0]
malonyl chloride adipoyl chloride isophthaloy! chloride

104



St

FUE B

(LA ARG VR | TG A DRt THR IRIRPIC~ A 7 B X 2 — 7 2 0S¥ A L RS S
iz, BIRENZ LICOSHIRY L TR SE-BE o — T d~A 72 A— b A X
DX 2 —TBEEEFFFL TV DHD, ZBEAIOFEBEIZ LY S OIS LEREA LV /S ek
2a—T7 TELNTELT7 4V —% 080D EE ) TRV DIZKBI Sz, Fmn L/
ERFa—TTEDLONLENLT + 0 P—%, TOFEFBRMERRFE SR g o
HRIZOZeN Y EREOF IR S NI ZROEIFIHOFEEE LN E 2 b b,
BiEX2—7 1 CmintBLO 5°CminMIc T LT UFERFA T, =iENAS 900°C £ T
FIRSHIRF LT, REMEORIZZEER OFIEIC L IBRMERFORREN R 5, F7
(AR (LoCmin®) O NE 0 IRMERFRFBALDRDBKE M ote, TOHAE L LT, B
SR TIL A R B SO 2 2 B, FHEERE COME ORMR AR M A 6
No5EEz25, SHILPo < D RFIPEITT S Z L ITRFIEDE OB OFRIIZHR) T,
FEIZ 600°C DL ETEZ HRFIIC LS MBEEZE (7 777 74 Mb) 2B L
Wa i/ MRIZIZ D Z EMTEH-DEEZD,

AKWRIZEBNT, y-> 7 a7 XA N v A 7 axa—T7OFKMRIRFICEZY, 2784l
FEROZAMRFERT HZ LITRPI Lo, —iIC, G O RFEL TIXIRFLRF D 53 fif 77 A
EEIRE ORAFOM B O RSB LR COmBRE (RO, BKimZR &) MR L 72— 722 00HE CTHIFL
BT D ENTED, o, T HENILE 22 =M Z2 R L TV D560, SR 0%E
FEHIZ L 0 2 OEMEERBILEMICR 256 b 55, RS THEE LIZRMERRF(L TR IS
AREMED B BT LR E (=2 LR SE) OF  HEEICIFXEICUL FOREO LN E 2 b,
1) ~A4 7 8% a—T7DRFLT, FEPTREHERT L2 OIS 2R TRET HI 7 24l
OMEDULAER & HNHE EAEEOIERN R 2D 2 LICE DALY v 7)), 2) v 7T FA
MU CBERREINEMENZ 0D, X a—THE LB L THRITHTOMET 2O RBEER A Y
TAHI 7, 3) Fa—TUHE L RF(NROT v NRNT o A THELLBZTHY TSI 7 o il L
DR ERFLZER], 4) FHIZ X VR E 2R L2 A OMMMBENC I 7 nx o — 7Mo%
PRIZ L 5 X 7 mfLEL DR & 2 gLZE

R, EBBEWPE SRR OMAT L0 RIEMES A T OHEMARBER R ZLEONIZ L W BET
FE23 1000 m* g RREE D 2 7 MR BB SN TZ, FORMICIE, FICEE 0.6 nmRED I
BALAFE L T, BB ORI & AEESME, BERGME OB WNC L 0 | RFBILW O LR EFEITE
gL, 2000m°g UL EOEmEE b ORESHMUINTZE AL H -7, 2 OHHR KB SH
FE721F T 2000 m*g ™t LA B> BET LR R 2 © DRBESTE STz & WV ) MiEFITR < 2 0fE R4
HHTENESAMEREZOF LW TELE LTHEBN TS D EE 2 bND, 5. RE(LFEED
RTALERSRA: . BERRR B SRME A RBICHRET T2 Z L Ick v HBIMEE < . dkRmfEE b b, o
J REE NI S V7o AR IR R A AT IR B L IRBF O B IR & IRF LS DOBIRO A THRETE 5 K
INTIRDEEZD,
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A

FHAER THOIARBESLAEICIT, RFE4AFEOHRELEBLOR, BO S THEWEE E L
FBITIE, PR COMIERRICHE T S8, RERREORML, SMMOILFRMES &L D= ¥
7 bRl MRERREOETEZYR—FLTWEEEE L,

A SC O —FIZBEE T DRI R L RSO ERFIEZ RO ATHE D A X — L
TWET, TR0 EAIRME L T EE& o2 LITEHW- LET,

BREEIEZEAICIZC P CRORICHEMEE. S 7 o KR LY, ABFZE CEE L 2 5 HIEME A D
HCIHEXF Lz, BFIORGEBESZRIC OV, 2HOZCHE2EE £ L, S-S EHINES)
~DOBIRR IWP TOREOHESZW-2&, BEELARBREZ TN TEE L,

PESEDATIE B W IERT OARIETH T AT, PERITCHEBRZ T oME 25X TV RS £ L,
PEAOREE R COEBREREE, WEMSRICEA L THR— ML TWeZE X L, BROBWICHE
DHT, HIFHER L L TR AN TS 272 Z LITEHW - LE T

RO TEM 815336 L OB 7 ~ S REIE, 5 R 2 A7 BT 2 B 7 58 1 BR 8 T o
AT DAL HAIZER K O R 2 A A7 R W SE A A AT B BRI RI R A JERE 2 2 R LT
R AEAFPEBITERT DM TSI T I e e & E LT,

NMR, DSC, TG/DTA. @A~ 2 MV ORIE, WA T kv L O RS HE O
— LB RS ZE R R A v 2 — TR P o 2[RI R SR 2 R L CITWE Lz, s o
T2 Zid, EEOMERICE L CREBMEEICZRY £ Lz, £, mRZOoMMEHAFEKIZIT-> T
7272% . NMR JIEDO—5EPE I TERIZI T TWam & £ Lz, FREIRE O X #REHIE H O
AREHRCH 7 A B O — IS K FF RS ' v & — TR ~K L TER L TIHE £
L7z FE-SSEM BIZIMIE KFF /77 /)a P —T7F v b7 3 —LORHRAZFH L TITWE Lz,

PESRTANFS BT ZEAT ORI T, R, (WRRISH L, 77 =0V A X v 70/
THER., FEOEI AT, BEFZEH S ETWEEWE D BREL AR TWelZE, TEL
FERARDBREETERRT D LV ) BEHARFREZ SETWZEEE L,

REAEDOHREEHELEZITIC O L LI REOLESTITIL, EERIECMEIT k2 B 1 T
XFE L7, o, HEBN L T NTEMEEORESCHREOES A, FiZy-v 77X A M) =
A7 0% a—7 0O X REEMAT & isocyanate (2 K 2 2GS BT 5 PEEER &2 Tn-> T i
EFF—F . isocyanate (2 X 24HEINZBET D Tl ERR A T > T N IEL &SR ICEGH A = L
£7

G416 =& LFETHIH L TV A/IRIEE A & NRBFFERE D )5 4 121, FEBRIZBET 2 FADO Tl
Wi E £ L,

BT, FEROZ < DADPRHEICHNL L TWDICHEADL LT FHEAFREOZ 2AH
L., AlEE2 R TLES o T mBUTEH W2 LE T,
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