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Synthesis and Characterization of Novel Conjugated
Polymers Incorporating Organic Dyes

for Photovoltaic Application

Student: Lung-Chang Hung Advisers: Dr. Chain-Shu Hsu

Department of Applied Chemistry National Chiao Tung University
Abstract

We have synthesized six conjugated copolymers, CPDT-co-TPADCN,
CPDT-co-TPADTA, CPDT-co-TPATCN, CPDT-co-FADCN, CPDT-co-FADTA
and CPDT-co-FATCN. Each polymer consists of a
4,4-bis(2-cthylhexyl)-4H-cyclopenta[2,1-b:3,4-b"]dithiophene unit and a D-n-A
organic dye in an alternating arrangement. Six organic dye monomers were designed
and synthesized, triphenylamine-based (TPA) and fluorene-based (FA) units serve as
the electron donors, while DCN, DTA, and TCN units are used as the electron
acceptors. The electron-donating ability order of the donors is FA>TPA, and the
electron-withdrawing ability order of the acceptors is TCN >DTA > DCN. The
conjugated precursor polymers were prepared via Stille coupling, followed by
post-functionalization to introduce the acceptor groups on the side chains.

The absorption spectra of CPDT-co-TPATCN and CPDT-co-FATCN cover
from 400 to 900 nm, the optical band gaps are the same, 1.34 eV. The absorption
spectra of the other polymers cover from 400 to 700 nm, the optical band gaps range

from 1.69 to 1.80 eV. As the electron-withdrawing ability of acceptors increases, the
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maximum [CT absorbance peak becomes more red-shifted, leading to smaller optical
band gap. The decomposition temperatures (T4) of all conjugated polymers range
from 305.3 to 425.6 °C, indicating excellent thermal stabilities. For the energy levels
of the polymers, the HOMO of the fluorene-based conjugated polymers are more
low-lying than the triphenylamine-based polymers due to the rigidity of fluorene; as
the electron-withdrawing ability of acceptors increases, the LUMO of the conjugated
polymers becomes lower. However, the strongest acceptor, TCN, is too strong so that
the LUMO of the conjugated polymers, CPDT-co-TPATCN and CPDT-co-FATCN,
are too low and too close to the LUMO of PC;,BM.

We used these conjugated polymers to fabricate the bulk heterjunction (BHJ)
solar cell devices with the configuration of ITO/PEDOT:PSS/Polymer:PC7BM(1:4,
w/w)/Ca/Al. The worst two PCEs results are found for CPDT-co-TPATCN:PC7BM
and CPDT-co-FATCN:PC;BM solar cells, the reason for this results is the relative
LUMOs of the conjugated polymers and PC; ;BM, they are too close so that the
exciton dissociation would be hindered, as a result, J,. decrease and the PCEs are
influenced. The best PCE of 1.07% was observed for CPDT-co-FADTA: PC;;.BM
solar cell with a Vo, of 0.82 V, a J. of 2.78 mA/cm?® and a fillfactor of 0.47. As we
expected, the organic dye of CPDT-co-FADTA is composed of the best donor,
fluorene-based donor, and the best acceptor, DTA, as a result, the highest PCE of

1.07% was obtained from CPDT-co-FADTA: PC; BM solar cell.
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Table 1. Confirmed terrestrial cell and submodule efficiencies measured under the

global AM1.5 spectrum (1000W/m2) at 25 °C (IEC 60904-3: 2008, ASTM G-173-03

global)!!
Classification® Effic.” Area® Vo ol FFe Test centre® Description
%) fem?) v imAer) (%) fand date)
Silicon
Si [erystalling) 260£05  4.00(dal 0.706 42.7 828 Sandia (3/99)f UNSW PERL [17]
Si [multicrystalline) 204+ 05 1.002 ap) 0.664 38.0 809 NREL (5/04F FhG-ISE [18]
Si (thin film transfer) 167+ 04 4017 (ap) 0645 330 782 FhGISE (007 L. Stuttgart
{45pm thick) [19]
Si (thin film submodule) 105+£03 940 (ap 0.492% 29.7 721 FhG-ISE i8/07) CSG Solar
[1-2 pwm on glass;
20 cells) [20]
-V Cells
Gahs (thin film) 261+ 08 1.001 (ap) 1.045 296 846 FhGISE (708 Radboud U.
Nijmegen [21]
GaAs (multicrystalline) 184+05 4011 (8 0.994 232 797 NREL (11/95)  RT, Ge
substrate [22]
InP {crystalling) 221107 40218 0.878 29.5 854 NREL (400 Spire, epitaxial [23]
Thin Film Chalcogenide
CIGS (cell) 1944 06" 0994 (ap) 0.716 33.7 803 NREL (1/08f NREL, CIGS on
glass [24]
CIGS (submodule) 167+ 04 16.0 (ap) 0.661% 33.6° 751  FhG-SE oo U Uppsala, 4 serial
cells [25]
CdTe (cell) 16.7+ 05" 1.032 (ap) 0.845 26.1 755  NREL (@m1) NREL, mesa on
glass [26]
Amorphous/Manocrystaline Si
Si (amorphous) 95+03 1070 (ap) 0859 17.5 83.0 MREL 403’ U. Meuchatel [27]
Si (nanocrystalline) 101402 1199 (ap) 0539 24.4 766 JOA (12/97) Kaneka (2 pm on
glass) [28]
Photochemical
Dye sensitised 104403 1004 (ap) 0.729 220 652 AIST (805 Sharp [29]
Dye sensitised (submodule) 85+03" 17.13 (ap) 0.669° 18.9° 67.1 AIST (6/09)" Sony, & serial
cells [4]
Organic
Organic polymer 516+ 0.3 1.021 lap) 0876 9.39 62.5 MNREL{1206)] Konarka [30]
Organic (submodule) 35+0.3 2084 (ap) 8.620 0.847 483 MREL (7/09) Solammer [5]
Multijunction Devices
GalnP/GaAs/Ge 32.0+1.5  3.9890% 2.622 14.37 85.0 MREL (1/03) Spectrolab
[monolithic)
GalnP/GaAs 303 4.0t 2.488 1422 856 JOA (4/96) Japan Energy
[monolithic) [31]
GaAs/CIS (thin film) 268+1.F  4.00(8 _ - —  MNREL (11/89) Kopin/Boeing
(4 terminal) [32]
aSifuc-Si (thin submodule 1.7+ 04" 1423 (ap) 5462 299 73 AIST (9/04) Kaneka (thin
film} [33]
Organic (2-cell tandem) 6.1+0.2° 198 1.589 6.18 61.9 FhG-ISE (7/09) Heliatek [6]
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Figure 2. The device structure of bilayer photovoltaics.
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Figure 13. Illustration of band gap engineering strategies of conjugated polymers.
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Rl
i

\\\

(regioregularity) M % » F B ey 3 8% E X3 AR P W T 5 B
AR (L EERBEFIEL NPT L8 w75 (phase
behavior) ~ #cf#LA i (microscopic morphology) ~ & £ & & chif§ 4z & - o Fl &
BREERFINARDEAR A IFAREIPR AT Y WV EINBER
FefR 3 AR R FIRp IR NF A F AT a-ndn dp iT*  (interchain 7w
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stacking interactions)  F]4t > 5 7 LA fER DI RE 0 Hor R p4AT|E BB A S
agat e R PR AR LB o JpgttE 4aa T 0 B4 4 1 (branched) &
FRART RH AR RR P A VR L R AT R I R HNERE AT A
3 o ipdt R op4aE R 70 %48 (insulator) o FEFE T G eni@ it o A lde gk § T D
SEERCAR 2 S S R LA R R & S e
SR HEPF 0 3 3R A B (solubilizing group) 77 & 2 B #30F 4 3 ot ;fryj-}u

RER AT IR

164 - &L F A ens Sl

— AT RER A PR B f A 54 R hA & (unsaturated)
AR - E G o BR EBEEFKEFRELE wE G 2 ERFRY 022
4rFigure 145777 » — B 4o B &£ HEA B R-Xfg “ 4 & 5 & (oxidative addition
reaction) » ) = ¢ fF $» g2 R'-M' fatransmetalation » 7% {& A5 = en? F 4 5 d B
By 3 (reductive elimination) B« {8 s-g ¥ 4227 =2 > R-R’'> B FFiER & 7 4k

£ 2 (regenerated) > 4yt PAIR AL o B F R A A R A L A 7 4 (nickel)

Reductive Oxidative

elimination cata |Vtic CVC|e addition

/

M'-X R-'M'

transmetallation

Figure 14. Catalytic cycle of transition-metal-catalyzed reactions.?!



&4 (palladium)=4% & # - R'-M'¥ 12 ¥ _Grignard reagents'*”’ > stannyl reagents!*") »

421, copper reagents!**! o # R’-M’ 4 Grignard reagentsp¥ » s+ ¥ BEH 5

boron reagents
Kumada-Corriu reaction ; 4§ R’-M’% stannyl reagentsp¥ » ¢* & & 4L % Stille coupling
reaction ; % R’-M' & boron reagents f¥ > p* & & i & Suzuki-Miyaura coupling
reaction ; § R’-M' % copper reagentsf¥ » $* & &4 % Sonogashira coupling reaction °
F* BRGF D GO IR T LR PR LR R DD e {17 £
= % TF UG ORIAIE R AT DA R T - B %%%{E— Rg e
EAFEEFRBPRfen 2T URIFIFRADRT S EAF A H
#a 3 A4p % £ & 0o Suzuki couplingfeStille coupling&_p # & * K & = 2 4%

ERR

4] (alternating) % 4 & eng = 3 3% e @ F/1 % - g ¥ Stille coupling *
FhLiaichHEM o RS At ier pro 5 e tag 2 5
#t o Stille coupling+t #if & & * .2 thiophene = 2 cHH 2 F > @ Suzuki coupling
W R A F TR A EMD o

> -

Kf‘;_lir%;fﬁé‘,s\.t s B A en S x dh b A L EL 4 ch Yamamoto

>

dehalogenation coupling reactions & ~ f8& = g+ > ;4 > B2 AN T &

H- BHERBTY B L 20 g erWittig-Horner reaction 2t #_Knoevenagel
condensation #_i% 3 = g -p )50 % K & 2§ vinylene 3 A chE R F A

_;;tk,j;r")g * 3k o
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1.7 #t& {4 £ & (nonlinear optics ° NLO)™!

S A RS B L RN R (e Rk S SR S

-

5o e ALY B felectro-optic (E-O) 7~ ~ K F T F MR LE T
JIRLEARR o — BRFZERP R F PP R L G M gk AR S
}I?cv’ ¥R > B 55 % NLO chromophores =it & & fﬁ_ i &% Dn-A B
Helox fr“u{"‘é‘:—? 548 (electron donor) ¥2 7 + X %8 (electron acceptor) '/ % #=
T %3 kst (conjugated m system) i i - A2 #7A) = ek S o 4oTable 29757 (591,

pEam e E gty ¢ o B E & 48k S B (second-order nonlinear polarizability)

T

EoPEe* | E%H X2 2 0 RF iR Mo BARAEE PEAR

M-

» &3 T i#E# (intramolecular charge transfer) i 4 A%4% 5 — i@ % > B
BARL o At ¢ XA F o f (bathochromic shift) ehsn %% 4 - e pFA
EFAB LR SHIR ALRPB R PR A kT R A AF IR g o
EHEGEHEHTF W IR T ARG e s F’Ei‘e?"m+2‘1'“*’l{4
A A Bk 4 R 2 F R e 7 j\)jk LA L R A g
P BT A R R e Aol S Bk P g B Y uD-n-AR

B LR FET Y
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Table 2. Electron absorption and nonlinear optical properties'*”

Compound Amx(@mm) B u(10*esu) Ty C
in dioxane at 1907 nm
NC 640 6200 240
A CN
N \ S S
_/ |
\ CN
Ph NC 601 3250 315
\ CN
N \ S RS
/
Ph N
I\ 718 6900 200
CN
Saal
NC
Ph 665 10200 265
\N / |
Ph S = S CN
|
/ A CN
NC
Ph 540 1280 325
N— |
Ph S = S
|
/ A CN
NC
641 4130 270
585 1800 235
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1.8 % L ac i * B &t & # (dye-sensitized solar cell,

bARERC LB T T Y BE AT AE R R B AP i .
A~ RIT A LG 4L B4 &4 (organometallic complexes) #4212 F 4 fd
(organicdyes) = 8> 7 £ B4 & 44 P w &DSSCewT 3 7 » K T s
BLEas A X p e gLt A ET BARBEFARGE
FEEF rRu) > 2R E £ F v REF ~FF 0~ RE LRGP 42 B R

FHAET L FL G R AR T R L RS TR BT B h R

B AR PP B a0 B BARSETARE 5o A5 5  coumarines -
polyenes ~ hemicyanines - thiophenes ~ indolines ~ heteropolycyclics ~ xanthenes ~
perylenes ~ porphyrins » merocyanines ~ catechols~ polymers ~ squaraines ~ cyanines -
phthalocyanines » D-n-A dyes> NIR dye & & > H ¢ 1L 33 5| mik{ D-7n-A dyes °
o AR A R AR P D AU R R AL 0 & G REA T it
G R o DA ZRlacke g F AR E o SN T FiE 4 (intramolecular
charge transfer, ICT) 7 B> R fmd S HEB I Z 5k 1 TF i L ES IR

A TRHA DT o JEd RS XM RZ g o T R ASER

o\

¥V ouA LA HOMO 2 LUMO » i&@ 24 34 [4 (bandgap) % H kB f12 2 F

it g,,v_}_fgr o

- - -9
Donor m-Conjugated System  Acceptor

DU

4 CNOOH
o oo T
;/ &m N }gﬁN‘}lOOH
J

Figure 15. Schematic representation of a D-n-A organic dye sensitizer."*"
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?%%%ﬁ?%%ﬁi?’ﬁﬁﬁﬁ’ufﬁgéﬁ#ﬁgﬁm;ﬁsg;

FHEL B 3 5 £ p A HHL 11 2 DSSCP g 8 A AL H A -

1.9.1 iT# kpAE£ 53 4 F R EFE
1.9.1.1 * (fluorene) 47| =g 4o 312
FERFSFATEPINFTLEFEFAF Y h- B RFEE - v
5§ EMOMO >+ FI R K FIng A S F SRR B o 0 AT
TG~ R FR BRI E A R 0 FAFAISEE R AT
r1ig (Talkylation s Jis o FIPE T U A B A GER 0 A R A A0 TR (AF AT
AR N R E g FIRE BRSNS TR G TR ER £
BCFE B ATl o G g B X EF 7 i 2T < - B4R
2t g k- &4 (light-emitting diodes) » # £ #* 3 S HBaT# 7
fe A Rt o fe §E VALl % gacceptors A5 X D-AX B § 4 S ’,Tﬁ? 2
Aeit A S DR AL T TE R SOE R B kSR R A apdl R
FRFWELFIBATE Y a2 RSy A BRRTRRS A

BEZ RPN FELFOFE R AESFUE MHOMOE o gt 2 9 12 B it Kk

6’34

AP E PR T AT AL A 45 et 0 doTable 347 o
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Table 3. Chemical Structures and PCE of Fluorene-based Polymers for BHJ Solar

Cell®

P3 PCE=27% P4 PCE=2.2%

P5 m/n = 65/35 PCE = 2.24% P6 PCE =4.2%

P7 m/n=70/30 PCE=1% P8 m/n = 85/15 PCE =0.1%

P9 R =2-ethylhexyl PCE=2.2% P10 PCE=2.3%
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1.9.1.2 v+ed (carbazole) 7| £ =% o 3

rhedk K FnE R A FiTE K FF rpd ]‘Hf}«'—m?}gl\‘ﬂ NI e B R Fldr

A
N

|
1

VRS AR g AE 0 B R R 05 S § (nitrogen) 0 T2 &
He § o2 ts o HpFpe P’*)’j'* L AR Aok ¥ 2 & b cketone defects
fsbek b ged R L T 5B S o bk MR AR T3 Dt {5 -

B4R 3R % 2 vk eng » F PFF 0L fRalkylation o 4R fER R e o

R L SUNERR LS -r E S SN SISV ey

<k

B AT R T kg R R ot S A T E KPT 5

“}E‘\
=y

LRV R Bl B AR R Y BT R TS AT o B A RS
AT E hovbek kK PR A FRF AR A A PE (37F & ik 4oTable 4

e

H

2,7-dibromocarbazole 3,6-dibromocarbazole

Figure 16. Chemical structures of 2,7-dibromocarbazole and 3,6-dibromocarbazole.
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Table 4. Chemical Structures and PCE of Carbazole-based Polymers for BHJ Solar

Cell™
CgHy;~ CgHyz c8H17)\CBH17
P11 PCE = 3.6% P12 PCE =2.4%
CeH13
CgH
g7 CgHiz  CgHy7 CgHi7z CsgHqz
QO B0
$ 'n
NN
CgHy7

P13 PCE =3.6%

1.9.1.3 w&> (thiophene) 47| 33 & 5P
d SRR T AP FRRFIE R T E TS 2

(delocalization) &ic # v ¥ 7k 8 Kendd > F A5 2 quinoid formenig # & vt fdF >

o
==
it
¥
F

T F R TR R G R A F 0 B a2 — o LT UG s Ky
B AR BATE R ¥ AN TG - BpAl Mk ehi & 2 & 2 — o Bilde s P3HT
PIp G P EAGFIFATEGEPARAE B TH A AT BT
F oo 4o Yang® A ¥ A ALE pER 2 S BUR R A T E B FlF Mot R
2 3 4.4% > Heeger® % fjmit & &rtaim & h2 B3 »TIOL T 5 » 54k & 2 Fe k-
B v 5% ) Chen% 4 tPSS:PEDOT® 4: » mannitol - i ¢ i chid %
Mok 2 T g g 2 352000

' TP3HT > B3 5 5 F £ AR FApAHAF > X oeer S A iha &

Ak o MUTE VPRI - T R ehrseged 3 AT 8 deTable 5477
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Table 5. Chemical Structures and PCE of Thiophene-based Polymers for BHJ Solar

Cell®

P14 PCE=3.45% PCE =5.5%

C8H1§ CgHy7 5\\//{

s s n

P16 PCE = 5.4% P17 PCE =5.1%

COOC;H,s

OCjzHz5

P18 PCE =2.18% P19 PCE = 4.76%

P20 m/n=1/1 PCE=4.4% P21 PCE = 4.0%

P22  PCE =7.73%%"
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1.9.2 ’ﬁ #2450 (organic dye) -] A 3 48l

L ARAT LB T (DSSC) ¥ o AR A4 E A - B ADSSCE BATF 2

o
hpan
=l

\
R

AL % 5 hDSSC > H BB sk v E9.5% M b o ¢ mPT L b &
Bodh & 4 A 5 7 DSSC (B % 1% 00 1) o JEGEmA P T T 5 5§ 44
el o Ra 3 A EE R B P BAPR TG BRSO 3'1#»{”
D-m-AsH 5 3 g AR > o BTN R AR R A L & K p ot P LAk
FHE v PSSR TR L Rl P HPY R A BB

T b ARG BB e T AR - ok (0 e DA% > doTable

H;CO O §
{} e A :
N O 7 N\ COOH O
o O O o
H;CO NOocug O \éo NC
SO
H,CO

D4 n=3 n=7.02%

CeHis CeHis NC__coom

D5 n=7.69% D6
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D8 n=8.0%

193 3 B4 S E L6343

#2009 5 Alex K.-Y. Jen& 4 #%J. Am. Chem.-Soc. % % 7 — i #-73 $#44
SRR LA S g AT 14t P wip s A A B R Eg A5 P23
P24 Bl AR fEpes i AR - B I 243 (alternating) £ = F A
3 heTable 7497 » H % 3 3 e s v 3 i£4.74% o

& X %2010 > Yong Cao% 4 #Macromolecules~ # # FF {24 ik = 3§ &
190 5 % (P252 P26) ik ff ik iy 0 R A% ek 3 silafluorene » 4eTable

TETE 0 kbR b TR T E3.15%
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Table 7. Chemical Structures and Efficiencies of Organic-Dye-Based Polymers for

BHJ Solar Cell

CgHqz7, CgHqz CsHq7

S0V,

P23 PCE = 4.74% P24 PCE = 4.37%

CgHq7,__CsHi7 CgHiz__ CsHy7

P25 PCE = 2.50% P26

R AR Y N T R TR Sty
B R ok B AR LD MRS L AR T Y 5
e donordt & + % & -~ acceptorf= % + R & AWM L 1 T F LI E L

Boen e REPE R A MR R R 2 R R R
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1.10 =5 &4
d 3t Eb/&")‘ﬁk‘uz‘ HE I),E%fﬁl’p“%’f% FHEPRR T 537 AFrahaa
FAXGER ARG P IIEY  SBA TS LD T RGBS A kh

é?ﬁ&@%ﬁﬁ%ﬁ%—ﬁﬁ%oa%%ﬁ?%ﬂ’Eﬁﬁ$&%wﬁaﬂy

PARMHDIERTA > - O HATA O R  BaR R e

|re
ki

v

EET A THEE o F BB ABA RS AP Ak RAR AR F 0

Rd v e s UafE ek s v T 7 XG0 ElAR

P Sy S EFE N A SATN A AR AT 2 WA N ant s F
Lo AR PE N R R IATA KRR A o B b kT
£F2 kT R F R T RS

TAERT UFRIGRATEIBRTE BB TR PR
Pl WA S A AT B R RP e R B ek T ] 9% b o

TRRAPREL I FHE- A BRT A I ART UFRT G R
faRgies 29 DA BRSO B RAERR < R 0 - A T

WA LKA 0 P R R Ok R 0 T PR R RE

R ehnm B et 2 ICT § BRSO Y B3 A F B a T E e 3 &
BT e TR AR ER R BARE A L F A Y A A

B md? o BT BTSN R R a1 TR R e sk
+ o T AT H A o
2009 & 3] 2010 & » £ {8 4~ B]d Alex K.-Y. Jen % £ 2 Yong Cao % 4 % %

TR AR N SR AT A > TRE R IBHI A BT R Y

R
y
o

SR F AN i SRR Ao LR E A Lipd PR
Ryt denfdfdm 5o~k 2 K3~ B =8 » F > 12 cyclopentadithiophene

CPDT) :>5#8 > e~ #a7 2 D-n-A BH 5 2 0% #8454 » donors (D) 4 %
A f
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triphenylamine-based donor (TPA) 14 %2 fluorene-based donor (FA) > m % &= % 4t

ETIAS

styrylthiophene » acceptors % %] % DCN ~ DTA 12 2 TCN ; @ donor =it 7 +

FT

3 B 5 FA < 3% TPA » acceptor éhf 7 + 3 & #_TCN £+ » DTA =t 2. » DCN #

» $]# Stille coupling & (7 B & F BEF| 5 5%8 A F > 2 (6L UF A A2 A
pling

N
—

= 3\ & fpl4& b 4% acceptos 17 iz B 2457 (alternating) X 5 F 4 F AL o
TOUEES ARk e §I R A A A T R

2 Jh Ed E PR Sk T EH LK P e L AR BEEFAF P A
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b - BT M AT MRS A kB e L RS
F Atz enH 22 Suzuki coupling reaction — 4K i 3 NE LA X B F A
+ o R R E P o IR potassium carbonate — 4c PG AL B IR o 1Y
UV BRZ7%  ZFREBRRFF L 8 hF BERE  2danF & 3Rl H sk

ko FIRICT AR A > Flt P2 ae- a0 4475 5 ek o 7
rig ki CPDT &2 5 5 442 ¥ #8 12 Stille coulping reaction — 45 i# &t 4e 4 97
FAREL R LS B ER o R HE ek ICTRAERRER 4 - &7
fehen 5N & pUIR G 8 AR e acceptor A o 15 R A GRE T R 0
;% 5 12 Stille coulping i i @B L > & FRICT AR F o AP E 2R

##775 ehacceptor 30§ AR A 2 12 GPCR(H ~ + £

» I PDI 22% < o
ST B (8 AP A TRT R R S DR T LG B AR acceptor 2 W A 5 1 G
H4, 5 CPDT LR & £ Hm 558 & + v Bufe A2 5+ acceptor (7 3|3 8

EE B AT o

2.1.1 Diethyl (2-thienyl)methanephosphonate 2_ & = %

Q, OFt
s. OH socl S, Cl P(OEt); ‘P-OEt
O 2% (S
CH,Cl, /
1 2 3

Scheme 1. Synthesis of Diethyl (2-thienyl)methanephosphonate

4o Scheme 1 #7757 » #- 1 £ thionyl chloride ¥% it & & » (it &4 2> £ &1t
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&4 2 4 » 1 § & chtriethyl phosphate & Ji& > # 3]it &4 3 -

212 E¥ M1 2 M2 2 & B

O oo DD e QLT

> —
@ 1,2-dichloroethane CHCI;
0% 0%
4
5 6
S Br Br Br Br
I / Py
/P—OEt N
N
EtO 3 POCI, / DMF

> >

t-BuOK, THF 1,2-dichloroethane

Scheme 2. Synthesis of Monomers M1 and M2

4o Scheme 2 #7577 > #-it & 4+ 4 &2 phosphorus oxychloride 2 DMF & J& » #1
A e en® FioRiRis @R &4 5.1 &4 51 5 d N-bromosuccinimide (NBS)
EELTF R FIMEY 60 M EP 3 AkplEiEET B EH 6 2
Wittig-Horner reaction » ¥ 3| 42 M1 - £ #-H 42 M1 ¥ phosphorus oxychloride %

DMF ¥ J& » #7{F ehe B4 kfats > 7 5 5 48 M2 o
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213 B4 M3 2 M4 2_ & & 5758

CeH1s ¢ 4y e .
O. n-Hexyl bromide, TBAB O 6113 |2 HIO,, H,SO, CGH13
Q Br NaOHyq), THF . B AcOH H,0 .
r
7 8
CeHys CeHiz  CeHiz Cetis
Aniline, KOH, CuCl o. .O Br POCI; / DMF ‘
1,10-phenanthroline, toluene 1,2-dichloroethane
10
S CeH CeH
6H13 o H CH eH13
CeHis ¢ 4 C.H,.. CeHiz E/)—\,P eH13 6H13
Br Br
Br eH13 sHi13 K\ PLOEt .
WS ® = O~
—»
t-BuOK, THF
0/ z
7 s
1
M3
CoMis CoHyy  CeHyan S8

POCI; /DMF O.Q .O Br

1,2-dichloroethane

O~

M4

Scheme 3. Synthesis of Monomers M3 and M4

4 Scheme 3 #7771 » i* £ 4 7 fede {20 2 T > & n-hexyl bromide i {7 alkylation
FR o @it &4 8- it 54 8 & periodic acid * iodine ffif ki ik i i+ 2 Frpk i
LTRERLE R @ 54 9.2 F B enit 54 92 | ¥ £ ¢haniline & copper(])
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chloride # 1,10-phenanthroline #it ™ & {7 Ullmann coupling reaction » ¥ it & 4
10~ it & % 10 £2 phosphorus oxychloride 2 DMF & J& » #73; = 1@ B 4= -Kf# 18 >

EFRitEPF 1ot 4 3 hdkix iz T 50 &% 11 & 7 Wittig-Horner reaction

@3

| H %8 M3 - £ #-H %2 M1 £ phosphorus oxychloride 2 DMF & & » #1{8 ¢h?
B kizie > v (FE M M4

2.1.4 Ex M5 2. & 229

OH
n -BuLi LiAlH,4, AICI, NBS
Q Q ether 4 | , \
S

N DMF
th
LHO | p ether S S

15
12 13 14

a B Cu 7 T\ 2Ethyhexyl bromide

s DMF R \
BrBr S s KOH, KI, DMSO . .

1) t-BuLi, THF .
2) Trimethyltin chloride

~ ) AN N\

Sn S S Sn—

/
M5

Scheme 4. Synthesis of Monomer M5

4o Scheme 4 #771 » #-i* & 4= 12 12 pn-butyllithium & lithiation» » & 4 £ & it

EF 13 F & #i &4 14 o £ 12 lithium aluminium hydride #-i* & £~ 14 & R »

BLEFH 15 C L& 1ISE U NBS LY F B @i &4 16 1 £ 4 16 & M 4F

# s 4+ p Ullmann coulping reaction » (5 i &4 17 o i* &4 17 g lHiz iz T »
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#2 2-ethylhexyl bromide i& {7 alkylation * & » {Fi- &4 18- i* £ 18 L&
tert-butyllithium i& {7 lithiation > # B4 & £ trimethyltin chloride » & - ¥ ¥ %8

MS -

215 £ 53 A F 2 & & 52606

A8 MS 2 uj$ M1~ M2~ M3~ M4 & Pdy(dba)s 2 P(o-tolyl)s chfiit & 4 £
g # T o 27 Stille coulping F & 0 (I & #= w5k B ~ + CPDT-co-TPA -~
CPDT-co-TPACHO ~ CPDT-co-FA %2 CPDT-co-FACHO - 7 3 ff 7k chs 5o 5%
% 4~ + CPDT-co-TPACHO % CPDT-co-FACHO { % %] ¥ malononitrile %
1,3-diethyl-2-thiobarbituric acid # pyridine =7 i it T » & {7 Knoevenagel
condensation ° & I £ # 3 4. < CPDT-co-TPADCN - CPDT-co-TPADTA -
CPDT-co-FADCN 2 2 CPDT-co-FADTA > @ CPDT-co-TPA %2 CPDT-co-FA %
n) &2 tetracyanoethylene (TCNE) & & » # = %= 3 » + CPDT-co-TPATCN 2
CPDT-co-FATCN - H & = & € 4 Scheme 5~ Scheme 6 ~ Scheme 7 ~ Scheme 8 -

Scheme 9 ~ Scheme 10 #7771 °
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Pd,dba; / P(o-tolyl);
_—

NN 7\ \ \/ toluene
Sn S S Sn =z
/ \
s
M5 =
/ =z
o
7 s
M2 CPDT-co-TPACHO —
//
0o

NC T CN
_— >
pyridine, CHCI3

CPDT-co-TPADCN

Pd,dbagz/ P(o-tolyl);
— . B W

N/ toluene
S/“ s S
M5 =z
7 s
CPDT-co-TPACHO —
d
X
N N
(o] o

pyridine, CHCI3

CPDT-co-TPADTA

Scheme 6. Synthesis of Conjugated Precursor Polymer CPDT-co-TPADTA
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OO
Pd,dba, / P(o-tolyl)s / O \ /@+

+ — s s O
N/ \ S\/ toluene N n

Sn n
] S S \ =z
M5

CPDT-co-TPA

TCNE

DMF

CPDT-co-TPATCN / CN

CeHiscoH,, CoHlrs CeH13
Q N O Pd,dba / P(o-tolyl);
. i e A
~J AN Y\ toluene
7n S S Sn
X
M z
5 _S Z
/ 7 s
o CPDT-co-FACHO _
wa d

NG CN

—_—
pyridine, CHCI;

CPDT-co-FADCN

Scheme 8. Synthesis of Conjugated Precursor Polymer CPDT-co-FADCN
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CeHisc H,, CeHas

CeHis
Br- Br
. N Pd,dba;z/ P(o-tolyl);

~J N N\ toluene
?n S s~ Sn
XN
Z
M5 _s P
4 s
o CPDT-co-FACHO
M4 //
LA/
N N
Ao
—_—

pyridine, CHCI3

CPDT-co-FADTA

CeHisc H, 5 CoHis CeHqg
Br< “‘. h.‘ _Br
Q N O Pd,dba; / P(o-tolyl);
+ — 23 s
~J AN )\, toluene
Sn" g s~ Sn
/ \ N
M5 4
_S =
CPDT-co-FA 7 s
M3 —

CPDT-co-FATCN

Scheme 10. Synthesis of Conjugated Precursor Polymer CPDT-co-FATCN
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22 3oL EET

AN

(s

AR s R EEEAREEE TR (gel

permeation chromatography, GPC) +v ™ # % & 7 & T 5 L 3

=k

(s

(number-average molecular weight, M) ~ &€ & T 35 4 + & (weight-average
molecular weight, My,) 14 % & & 4 i 45 8 (polydispersity index, PDI) -

GRIE L TIRA AT E LS A AT B A PSR R RS A
L FEREFEFLAFIOLFIEFFAETREF LN A - BEFEF AT

FAZpE D ke SR - fR o Ahipl R 4 S a5 B Rl E gAY GPC X £

#Bom GPCRIEAF EPRILI & IRy B A F ht ~f <] 97 [F i i column

3
T
=3
N|
:%F
5
=1
e

£ |4 derrick > £ 02 polystyrene €5 %4 0 dgd A £ eh
I RIEE NEE AT L TR o RAm DTS BE PR A F igsa (side
chain) ¥%5 7 % 1& (dipole)» Fla & v % 5 A 2 R f (packing) PR % - &
Rh PRl GPC chigfed » g4 o d R ELRR AT > A FWLE
column eHpFF 7 - » ERATRIE I EF AR L FE LR AL F DM, M, %
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Table 8. Molecular Weights of Conjugated Precursor Polymers and Conjugated

Polymers
Polymer Conjugated Precursor Conjugated Polymer
Polymer
My M, PDI My My PDI
(g/mol) (g/mol) My/ M,) (g/mol) (g/mol) (My/M,)
CPDT-co-TPADCN 17,308 7,973 2.17 79,725 9,547 8.35
CPDT-co-TPADTA 16,937 7,412 2.29 43,933 6,396 6.87
CPDT-co-TPATCN 14,837 8,487 1.75 11,520 6,947 1.66

CPDT-co-FADCN 24,939 11,115 2.24 32,879 11,260 2.92
CPDT-co-FADTA 25,318 9,331 2.71 9,970 4,409 2.26

CPDT-co-FATCN 16,411 7,359 2.23 15,639 6,807 2.30

2.3 BT

£ T e AR ;fg d # &€ 245 & (Thermal Gravimetric Analyzer, TGA) B

[

L g e TR NEER (Ty) M2 L&+ 3+ (Differential Scanning
Calorimeter, DSC) Rl E HBBEHBER T HPIE > 27 L5 = £ F %N o

E EFERAFTORNBRERZ ABESERFES Table 9 F #73 £ 4
B4+ 2 TGA 2 DSC B4 ™ #77 B A 2R R (T MESEEHF L 5% P
BRTEZ ERRETUE S G 09T LR 4 F PR AfRE R & 305.3~4256°C

2B M- BABARA L TEAE KR SRR ORET AL A -
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Table 9. Molecular Weights and Thermal Data of Conjugated Polymers

Polymer Conjugated Precursor Polymer Ta(°C) T, (°C)

My My PDI

(g/mol)  (g/mol)  (My/ M,)

CPDT-co-TPADCN 17,308 7,973 2.17 425.6  44.7,188.6
CPDT-co-TPADTA 16,937 7,412 2.29 305.3 53.1, 202.9
CPDT-co-TPATCN 14,837 8,487 1.75 385.8 54.7
CPDT-co-FADCN 24,939 11,115 2.24 422.4 53.2,145.4
CPDT-co-FADTA 25,318 9,331 2.71 308.5 56.7,149.8
CPDT-co-FATCN 16,411 7,359 2.23 418 55.6,161.5
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Figure 17. TGA and DSC plots of CPDT-co-TPADCN.
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Figure 18. TGA and DSC plots of CPDT-co-TPADTA.
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Figure 19. TGA and DSC plots of CPDT-co-TPATCN.
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Figure 20. TGA and DSC plots of CPDT-co-FADCN.
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Figure 21. TGA and DSC plots of CPDT-co-FADTA.
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Figure 22. TGA and DSC plots of CPDT-co-FATCN.
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Figure 23. The electron-withdrawing ability of acceptors.
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Table 10. Optical Properties of Conjugated Polymers

Polymer A max (nm) E, " (eV)
Solution (in THF) Film
CPDT-co-TPADCN 458 476, 558 1.70
CPDT-co-TPADTA 451, 566 445, 594 1.69
CPDT-co-TPATCN 446, 632 447, 687 1.34
CPDT-co-FADCN 461 452, 557 1.80
CPDT-co-FADTA 453, 546 450, 556 1.69
CPDT-co-FATCN 453, 651 452,708 1.34
1.0k —a— CPDT-co-TPADCN solution
—e— CPDT-co-TPADCN film

0.8

0.6

0.4

Absorbance (AU)

0.2

400 600 800 1000

Wavelength (nm)

Figure 24. UV-vis absorption spectra of CPDT-co-TPADCN.
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Figure 25. UV-vis absorption spectra of CPDT-co-TPADTA.
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Figure 26. UV-vis absorption spectra of CPDT-co-TPATCN.
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1.0F —&— CPDT-co-FADCN solution
—e— CPDT-co-FADCN film
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Figure 27. UV-vis absorption spectra of CPDT-co-FADCN.
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Figure 28. UV-vis absorption spectra of CPDT-co-FADTA.
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Figure 29. UV-vis absorption spectra of CPDT-co-FATCN.
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Table 11. Electrochemical Properties of Conjugated Polymers

Polymer E.”'(eV)  En™"(V) HOMO?(eV) LUMO" (eV)
CPDT-co-TPADCN 1.70 0.68 -5.08 -3.38
CPDT-co-TPADTA 1.69 0.66 -5.06 -3.37
CPDT-co-TPATCN 1.34 0.65 -5.06 -3.72

CPDT-co-FADCN 1.80 0.80 5.20 -3.40
CPDT-co-FADTA 1.69 0.80 5.21 -3.52
CPDT-co-FATCN 1.34 0.76 5.17 -3.83

2The HOMO energy levels were obtained from the equation HOMO = -(4.8 + Eo,*™).
”The LUMO levels were calculated from the equation LUMO = HOMO + E,°".
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Figure 30. Cyclic voltammogram of CPDT-co-TPADCN.
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Figure 31. Cyclic voltammogram of CPDT-co-TPADTA.
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Figure 32. Cyclic voltammogram of CPDT-co-TPATCN.
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Figure 33. Cyclic voltammogram of CPDT-co-FADCN.
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Figure 34. Cyclic voltammogram of CPDT-co-FADTA.
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Figure 35. Cyclic voltammogram of CPDT-co-FATCN.
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Figure 36. J-V characteristics of the CPDT-co-TPADCN with the structure of ITO/

PEDOT:PSS/polymer:PC7BM (1:4, w/w)/Ca/Al
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Figure 37. J-V characteristics of the CPDT-co-TPADTA with the structure of ITO/

PEDOT:PSS/polymer:PC7BM (1:4, w/w)/Ca/Al.
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Figure 38. J-V characteristics of the CPDT-co-TPATCN with the structure of ITO/

PEDOT:PSS/polymer:PC7BM (1:4, w/w)/Ca/Al.
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Figure 39. J-V characteristics of the CPDT-co-FADCN with the structure of ITO/

PEDOT:PSS/polymer:PC7BM (1:4, w/w)/Ca/Al
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Figure 40. J-V characteristics of the CPDT-co-FADTA with the structure of ITO/

PEDOT:PSS/polymer:PC7BM (1:4, w/w)/Ca/Al.
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Figure 41. J-V characteristics of the CPDT-co-FATCN with the structure of ITO/

PEDOT:PSS/polymer:PC7BM (1:4, w/w)/Ca/Al.
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Table 12. Photovoltaic Performance of the Polymers Measured under the Illumination

of Simulated AM 1.5 G Conditions (100 mW/cm?)

Polymer Hole Thickness V¢ Jse FF PCE
mobility (nm) W) (m A,cmz) (%)

(cm2 v-1 s'l)
CPDT-co-TPADCN ;g « 10-7 58 0.68 3.25 0.43 0.95
56 0.7 3.07 033 0.84

CPDT-co-TPADTA 5 ;¢ % 106
CPDT-co-TPATCN ¢ 4 «.10-6 61 0.58 1.26 032 0.22
CPDT-co-FADCN ¢ < 2109 67 0.8 2.3 042 0.78
69 0.82 2.78 047 1.07

CPDT-co-FADTA 3 -4 % 107
CPDT-co-FATCN 2« 10-7 59 0.7 1.17 0.38 0.31
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3.1 #

-

FEev Tk 2 B aras W EM A Aldrich ~ Merck ~ Acros ~ Lancaster ~ TCI
BE o @ ¥ty %A W P p Merck 2 Fischer 2 # o & -k & v& rm (tetrahydrofuran

THF) % & -k ¢ f¥(ether) s 1140 £ /4 ",f k&4~ 2 F 7 Ak (benzophenone) & 4p 7T

Ao b FERTRICPEEENRY o KT F(toluene) & 4TIEOK 0 B
FAOERETRmONS P AR o

32 ERIRE
STETPRAY R FEMARES 2 PR IR YT

HEXE

3.2.1 ¥ =k &k (Nuclear Magnetic Resonance, NMR )

i# * Varian-300 MHz % g £ 35k 2 (% o H ¥ 12 d-chloroform % 3 ;3 # » it
B =45 8 =% ppm o & A W12 §=0.00 (TMS) or 7.26 (D-CHCLy) ppm % % j 2%
A pGERIL § = 77.00 ppm (D-CHCL) ¥ & p 3Rk o Kgd ok @ fHaLs
% o¢ H % (singlet) » d % 7+ = £ (doublet) > t % 77 = & 4 (triplet) > q % 7 = & %

(quartet) > m B| % -+ % £ (multiplet) e

3.2.2 ¥ & ¥4 F 3+ (Differential Scanning Calorimeter, DSC)

¢ * TA Instruments Unpacking the Q Series DSC 2 RCS /4 #r x sidk & M8
BB o FEHRATEPRE2~5mg o R L ety i F 4 W 5 20 'C/min
VLR R ¥AGTITE 0 PBA,hd < £ & Zh(infection point) 3 3 33 8 45 8 & (glass

transition temperature, 7) °
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3.2.3 # € £ 47 &% (Thermal Gravimetric Analyzer, TGA)
i * Perkin Elmer Pyris £t &€ 2 7 1% o F &% T3 thi & 2 ~5mg - k&2 dc $uik
F % 10 C/min > # R 50 C ~750 C » & &% # /n & % 100 mL/min ~ ]2 #

FHFEEA; > T E D HE AR f2E R (thermal decomposition temperature, 7) °

3.2.4 ®#%%%#% %47 % (Gel Permeation Chromatography, GPC)

¢ * Viscotek VE2001GPC B /R J it % sb> @B % 5 Viscotek T50A differentia
% Viscotek LR125 referactometer » % % ¢ * = & - % 2 American Polymer
Column » *73 %2 Gel & <t %] £ % 10°~ 10" 4= 10°A » ¥ & * polystyrene &%
Rl s 3 B4 O Ao RIFERPF Y THE 5 % 3% 0 3 54520 35Ceniif 1 @ o

n‘/‘
{

et
o
<

# 2 et N KRR 40mg B E$ 53 2mLTHF ¢ > #pe § 3 %

A5 kBT 15 #4518 > 12 0.2 pm £ Nylon filter i@ g {s & * o

3.25 ¥ b v AskkF#KR © (UV-Vis Spectrophotometer )

i % HP 8453 4] UV-visible £ 2# & o % 12 P 2 R fe k3 > 1) X 5 3
& e e T g AR THF 1% 5 3 &R > B % e R g R -5 4
&+ 0 THF %% > g% it ® 2 “7Rl# - Film ch@ & @ fe ¥ ATk &
JER 0.5 Wt% 0 12 2.5 x 2.5 x 0.15 cm® Sl Ry TR BRET A R

g2 (R JL SURRE i S

3.2.6 HFEKRZ3E &R (Cyclic Voltammetry, CV)
i# * Autolab ADC 164 |7 =ik kesrd t-BRT =12 0.1 M 2
(n-Bu)sNBF, 1 acetonitrile 73 /% 5 T f2F » #-F R4 3R % Gl v

+ o & ey & T & (standard calomel electrode, SCE) % % %4 % & >
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ferrocene/ferrocenium (Fe/Fe') Zp %4 2= 6 2% 28 RT R £RFM S0
mV/sec g & #ds jode § B R & M o % 242 HOMO £ LUMO #c3k
ot {%”%‘F’ CV JE® onset § 1t 7 = (Ex™) i@ #3 HOMO » £ f|* d

UV-visible & 3 2. onset = Jc it £ #cdp 718 3] ek & it M (optical band gap, E,°)

-5 LUMO « H £ 7 2 40T #57 °
HOMO = - (4.8+ Eoy)

LUMO = HOMO + E,™

H ¢ ¥ # 4.8 5 ferrocence 4p¥>T E 7 e £ #ici@ » HOMO £ LUMO ¥ i+ %

eV

E,PY = 1240 / Aonser

sy ¥ A t . sa Y
2o xonset—%i i & nm > 7T Egop e s eV

327 *HERfEmAAtER R (AM15)

¢ * YAMASHITA DENSO A]55 YSS-50A ~ H & ficgg ~ 2 £ B % LRl £ ~

SRR, S0

AT AT 2 A g de Figure 42 970 0 d T @ b4 w5 g (glass)
Wi &t P F 1 (ITO) 175 ik - PEDOT:PSS 175 T iF Bk > % 4¢3

AFIEE RS % PCHBM (P50 F A > AT 4R AT AR



Al
Ca
Polymer:PC,, BM
PEDOT:PSS
ITO
Glass

Figure 42. Device configuration: ITO/PEDOT:PSS/Copolymer:PC;;BM/Ca/Al.

FHimiE AT

L ITO # A4 e @ xR jmie s WGERal -~ 28k~ o PR3
ARF b

2. EREFEHR lﬁﬁ]% ! g i w PEDOT PSS (Baytron PVP AI-4083) 40 nm
FRIR Y2 ITO 3 > =~ §F T S 150 & 5% 1 /] pF {8 i3 L (Annealing) »
E R X 25nm e

3. %% A A 2mg hpolymer & PC;BM iR (1:4, w/w) 3> 1l ml e
chloroform/chlorobenzene (1 : 1, v/v) » v ##3+-E & > 12 1000 & 1500 rpm *z_
& % % > PEDOT } > i"",!rt—i EN 2F BVECER ¥

4. FBE NfeB Bl DU Re FEY L) ERAAERET 0 FHH L
RIS BN 190 °C 2o 4o #4713 4 24 7 39 L ends 0F o

5. AL EB A VERKA IBEDOER F T FA > T B A

EY

ded o KNSR L L TR K S G £ B(Ca) 0 B A S

(\x,

35nm> e FAT & BE M E AR FaE- kAR s BADT S RE S B A X 100

nm e
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6. IE I FERELE T2 RPN UV IBB2Z g3 E R UV X

T - A BFERE R LT IEE R S F gk o

“04 f b A 2 4] (T 6E £ 4o Table 13 #57

Table 13. The Conditions of Fabrication for Conjugated Polymers

Polymer Ratio of polymer Spin Coating Thermal
to PC;1BM (rpm) annealing (°C)

CPDT-co-TPADCN 1:4 1000 -
CPDT-co-TPADTA 1:4 1000 -
CPDT-co-TPATCN 1:4 1000 190
CPDT-co-FADCN 1:4 1000 -
CPDT-co-FADTA 1:4 1500 -
CPDT-co-FATCN 1:4 1000 -

LR A

1. P % £A (solar simulator) : % * 1000W Xenon light source » & & #= ¥l
350~1100 nm » 4 & & % 7 & class A 4 1F o

2. RRE £ T * Keithley 2440 2 USBGPIB /i & + -

3. BIE3IE P 1V curve,Jsc, IV max, Voc, F.F. = Power conversion efficiency °

4. IPCE (* Mt T # T3 E# cF R A 3)300W A7 2 4 Fivs kiik
oo H e R kS FlE E 200~1600 nm » 4 4 4p 2% < F (lock-in amplifier) -3

#E IR > Fe 2l ;‘;,gf L &P

\\‘ﬁ’

4 = i T (reference cell)2. #7 3% 25 & (Spectral
Response) » #F & Rk G2 B L - Gd B2 F S BT 4 £3 g

R AR RS R R T UL T g T

o
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34 £ 23ip
3.4.1 Diethyl (2-Thienyl)methanephosphonate 2. & = 4

2-(Chloromethyl)thiophene (2) 2. & =

P~— 250 mL EFFE¥Y > 4 ~ thionyl chloride (15.8 mL, 217 mmol) % = % ¥ *

A

(100mL) » £% 4kl 25 BEP R > oM - 5 t4pkan, F-8
BBl E e ML F F oo aokisT o ERE » 1(15g 131 mmol) » £ #77 -k

B0 DT 32°C F Al e EMe r kAR L o 11§ 75 Ao

a

SPRIEIZ S fe R B ECREREES K RS A R AT

TATEFR -

18

Diethyl (2-Thienyl)methanephosphonate (3) 2. & =

P~— 100 mL ¥ 5g5g > 4> 2(11.8 g,89.2 mmol)% triethyl phosphate (14.8 g,
89.2mmol) © B F F T o i InIFE T L PE e BURBR A 0 160 °C o § LR
PS> ELE D 180°C ) o f ik ¢ SR 3(13.8 ) - 'H NMR (300 MHz,
CDCls): & 7.18 (dt, J = 1.5, 5.1 Hz, 1H); 6.99-6.95 (m, 2H), 4.08 (dq, J = 7.1, *Jpoch

= 7.8 Hz, 4H), 3.38 (d, 2Jpch = 20 Hz, 2H), 1.28 (t, J = 6.9 Hz, 6H) -

342 HW M1 -~-M22 &=

4-(Diphenylamino)benzaldehyde (5) 2. & =

P~ 250 mL FEFE#T > 4 » DMF (6.56 g, 89.7 mmol) > %% 5 % > in g
2HE %R 20°CT » #MiF » phosphorus oxychloride (13.8 g, 89.7 mmol) - ##
1] pF o #-4(20 g, 81.5 mmol) 2 1,2-dichloroethane /% f# > £ x » mo it & K¢ >
AR E90°C F 2 PFF o A Fris s B-F RIARE N koK 5 FIE30 448 e
FRRFREBORARY fro D F U RA e s MOKEBZ S0t B A 0 LA
RERERAR K o IR RNETS 0 e R Bk o WIIF S HMS (128 g A5 ¢
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57% - "H NMR (300 MHz, CDCL3): & 9.81 (s, 1H), 7.68 (d, J = 8.4 Hz, 2H), 7.34 (t, J

=7.5 Hz, 4H), 7.19-7.17 (m, 6H), 7.02 (d, J = 8.4 Hz, 2H) -

4-[N,N-Di(4-bromophenyl)amino]benzaldehyde (6) 2. & =

Bo— 250 mL BEFE¥L 0 4~ 5(12 g,43.9 mmol)% chloroform (110 mL) » % ¥
SRR E R E SN o AkiET 0 A =4 r NBS(17.2 g, 96.6 mmol) » £ &
1 p o™ okis » DB R FRE 16 /] PFF o4 » IR R ERfe4N KB R 3 F F
oo M- F PR e{fra BoRE B o g 8 _1‘17{@‘7J(gﬁﬁ3‘24;;%71\' ) i
SRS 0 T R S @ F 4 FIMG6(15.69)c A F 1 82% - 'HNMR (300 MHz,
CDCls): 69.84 (s, 1H), 7.71 (d, J = 8.8 Hz, 2H), 7.46-7.43 (m, 4H), 7.06-7.00 (m,

6H) -

2-[2-[4-[N,N-Di(4-bromophenyl)amino]phenyl] ethenyl|thiophene (M1) 2. & =
[57]

B~— 100 mL EF5f ¥ > 4 > potassium fert-butoxide (0.68 g, 6.03 mmol) > % ¥
iy EEE SR L 4er @k THF (15mL) » rkig ™ » 4er 3 (141 g, 6.03
mmol) > ¥ & 1 /] P #6 (2 g, 4.64 mmol)! & -k THF j3 f# > £ 2 » wst F i@ o>
ERwEIZEF B I2 )P o Ao r SUBRKIBR ",%—i THF » 2= & 2 4=
FAEfr @ BRSPS el B A ’kmﬁ-‘riii% ko ’iﬁ/}&‘ﬂ’ﬁ]é P L R
Cgir e =110 AP RREFEEN O TER I AL U F 7% /1
ezl B FE F 4Kk FHE ML (096g)° A5 1 41% > MS (EI-MS) m/z : 511 »
'H NMR (300 MHz, CDCls): & 7.37-7.34 (m, 6H), 7.19-7.11 (m, 2H), 7.05-6.94 (m,
8H), 6.89-6.84 (m, 1H) ; °C NMR (75 MHz, CDCl;): & 146.2, 143.0, 132.4, 132.2,
130.1, 127.6, 127.5, 127.4, 125.8, 125.7, 124.1, 123.9, 120.9, 115.8 - Anal. Calcd. for
CuHisBroNS @ C,56.38 5 H,3.35; N,2.74- Found: C,656.26; H,3.76; N,
2.83
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2-[2-[4-[N,N-Di(4-bromophenyl)amino]phenyl] ethenyl]thien-5-al (M2) 2. & =
[57]

P~— 250 mL EE§E#L > 4c » DMF (1.07 g, 147 mmol) » X ¥ & /% ~ /g
2HE %R 20°CT » #MiF » phosphorus oxychloride (2.25 g, 14.7 mmol) - ##
1) pFe Ml (3 g, 587 mmol)!# 1,2-dichloroethane ;3 f#> £ JZ » s it F # »
DRI 90°C F 12 /] FF o b Fris » Bk IR RE ~ kok? o I 30 448
e nBRFAE A RB R fro M F T R e S BARE B o e B Bk 0
BORFRELAER K R RAE o e Ee gtk e =110 SRR
s @2 F ¢ A M2(3.01g) e A% 1 95% o 'HNMR (300 MHz, CDCl):
5 9.85 (s, 1H), 7.66 (d, J = 3.9 Hz, 1H), 7.39 (d, J = 8.7 Hz, 6H), 7.13-6.96 (m, 9H) -
Anal. Calcd. for C,sH17Bro,NOS : C,;:55.685 'H;3.18; N,2.6- Found: C,55.22;

H,3.58; N,2.59-

343 HE¥ M3-M4 2 &=
9,9-Dihexyl-2-bromofluorene (8) 2 & = ¥

Be— 250 mL EESEFL > # 7 (10 g, 40.8 mmol)% TBAB (0.1 g)i3 >t 60 mL ¢
THF # > 4c» 60 mL Z § * 4 -K;37% (50%) > £ 4r » n-hexyl bromide (15.5 g >
93.8 mmol) > £ 80°C T & fis 12 /| P& o 112 fE brfrd BoRE Bz %o o F b
o KA OK  CRIEIREES > R e R RREF S @
T 4 A 8(16.6g) A% 1 89% - 'H NMR (300 MHz, CDCls): § 7.67-7.64 (m,
1H), 7.56-7.53 (m, 1H), 7.45-7.42 (m, 2H), 7.32-7.30 (m, 3H), 1.93 (m, 4H),

1.12-1.04 (m, 12H), 0.79-0.74 (m, 6H), 0.59 (t, J = 6.6 Hz, 4H) -

9,9-Dihexyl-2-bromo-7-iodofluorene (9) 2 & = 8

Bv— 250 mL EFgpdg 0 4 » 8 (3 g, 7.26 mmol ) ~ iodine (1.11 g, 4.35 mmol) -
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periodic acid (0.99 g, 4.35 mmol)2 30 mL frp& » K E®IRE ~ Lk > feipif
2 H oo o MR- R NERRRAN KRR 0 M » g (ImL) 0 2R 3 80 °C o
FE 12 /) FF o (2 gris » be » BN B4 -RIZ R ¥ L F o ML FRT gk & fra
BoREFPZ oo g A EORERRREE K R RARTS > D LR
R EE A IS @RRF 4 R 9(3.16g) A % 181%-"H NMR (300 MHz,
CDCly): §7.65-7.63 (m, 2H), 7.52-7.50 (m, 1H), 7.45-7.38 (m, 3H), 1.93-1.87 (m,

4H), 1.15-1.03 (m, 12H), 0.80-0.75 (m, 6H), 0.60-0.53 (m, 4H) -

N,N-Di(7-bromo-9,9-dihexyl-2-fluorenyl)-N-phenylamine (10) 2. & =¥
P~250 mL H FE¥g > 4 > 9 (8.4 g, 15.6 mmol) ~ aniline (0.66 g, 7.08 mmol) ~

copper(I) chloride (0.18 g, 1.77 mmol) > potassium hydroxide (3.18 g, 56.6 mmol) -

1,10-phenanthroline (0.32 g, 1.77 mmol) % ® % (120mL) > 28 3 125°C > * &
12 [ e b fris » 2b F g Mo phe fafrlefe @ BoRE P2 0 ek g B4
R ER RS K IERER S (DB R S R FE R T WS
¢ F4 10 (3.1 g) > A F : 48%< 'HNMR (300 MHz, CDCl5): 8 "H NMR (300 MHz,
CDCl): & 7.44-7.32 (m, 8H), 7.20-7.15 (m, 2H), 7.06-7.04 (m, 4H), 6.97-6.92 (m,

3H), 1.76 (t, = 5.9 Hz, 8H), 1.09-1.04 (m, 24H), 0.78-0.70 (m, 12H), 0.56 (m, 8H) -

4-[Bis(2-bromo-9,9-dihexyl-7-fluorenyl)amino]benzaldehyde (11) 2. & =

Bv— 250 mL BEFEHE 0 4¢ » DMF (0.76 g, 10.4 mmol) » £ § & F % ~ @i g
2HEe R 20°CT > ¥M%IF » phosphorus oxychloride (1.59 g, 10.4 mmol) - 3%
1) pF o M1 (0.95 g, 1.04 mmol) 1,2-dichloroethane /% f% » £ /3 » o it & Ji
Py B 90°C o KR 12 ) B o A ATt > BE RARE kR 0 HE30 A
ot »RPEE A KRR Jront e i ik e fr S BoREBZ ST B A
Nk ER ARk R ARTS  e Be fa TR e = 1120 B RRETE
P48 0 B E % 4 A 11(0.77 @) A& & 1 79%- MS (FAB) m/z : 944 'H NMR
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(300 MHz, CDCl3): & 9.84 (s, 1H), 7.70 (d, J = 8.7 Hz, 2H), 7.60 (d, J = 8.1 Hz, 2H),
7.52-7.43 (m, 6H), 7.20 (m, 2H), 7.12-7.08 (m, 4H), 1.90-1.85 (m, 8H), 1.81-1.06 (m,
24H), 0.84-0.76 (m, 12H), 0.66 (m, 8H) ; *C NMR (75 MHz, CDCl;): § 190.3, 153.3,
153.0, 152.1, 145.6, 139.4, 137.2, 131.3, 130.1, 129.2, 126.1, 125.1, 120.9, 120.8,

120.7,119.4 -

7-Bromo-N-(2-bromo-9,9-dihexyl-7-fluorenyl)-9,9-dihexyl-N-[4-[2-(thio-phen-2-y
)vinyl]phenyl|fluoren-2-amine (M3) 2. & =

B~— 100 mL EF5 ¥ > 4 » potassium fert-butoxide (0.045 g, 0.4 mmol) > % ¥
X s Ee R £ 4 r &k THF (15 mL) > kg™ » 4e > 3 (0.09 g, 0.39
mmol) > F & 1 ] FF o %11 (0.3 g,0.32 mmol) "2 & -k THF 3 f% » £ /& » itk
Bv o EWEEI TR F B2 pRE ses %@k kiR 0 k4 THE » 11 -

FURZ s BoRE BRIl Wk U oKFRpAR S K kg

AW

Mo pre gt e e =120 5 EREEFH 4TS BE TR M3 (0.26
g) o & % 1 80% > MS (FAB) m/z 1024 - '"H NMR.(300 MHz, CDCls): & 7.54-7.51 (m,
2H), 7.48 (s, 1H), 7.45-7.41 (m, 5H), 7.36-7.33 (m, 2H), 7.17-7.15 (m, 3H), 7.11-6.97
(m, 7H), 6.92-6.87 (m, 1H), 1.85 (t, J = 6.6 Hz, 8H), 1.18-1.07 (m, 25H), 0.84-0.78
(m, 11H), 0.66 (m, 8H) ; °C NMR (75 MHz, CDCl;): & 152.8, 151.8, 147.3, 147.0,
143.2, 139.8, 135.4, 131.1, 129.9, 127.7, 127.6, 127.1, 126.0, 125.6, 123.9, 123.5,
123.2, 120.5, 120.4, 120.3, 119.0 = Anal. Calcd. for Ce;H73BroNS @ C, 72.71 5 H,

7.18; N,137° Found: C,72.87; H,732; N,1.31¢-

5-[4-[Bis(2-bromo-9,9-dihexyl-7-fluorenyl)amino]|styryl]thiophene-2-carbalde-
hyde (M4) 2. & =

Be— 250 mL EEFFFT > 4 » DMF (0.3 g, 4.08 mmol) » %% & F % ~ it d 2
Hw® > 20°CT > ¥4 » phosphorus oxychloride (0.63 g, 4.08 mmol) - # 4=
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1] P # M3 (1.67 g, 1.63 mmol) ! 1,2-dichloroethane ;% f% - £ /3 » % it & B¢ >
AE T 90°C F B 12 ) PF o A Aris o H#F BRI m kR B30 A 4
e~ BRFAE A RB R fro M F T R e S BARE B o e B Bk 0
BORFRELAE LK I RAE o e He itk e =120 SRR
KATs it 45 ¢ FM M4 (273 g) - A 5 89%  MS (FAB) m/z : 1052 "HNMR
(300 MHz, CDCl3): §9.85 (s, 1H), 7.66 (d, J = 3.6 Hz, 1H), 7.56-7.53 (m, 2H),
7.50-7.42 (m, 6H), 7.38-7.35 (m, 2H), 7.15-7.03 (m, 9H), 1.87-1.83 (m, 8H),
1.17-1.07 (m, 24H), 0.86-0.79 (m, 11H), 0.66 (m, 9H) ; *C NMR (75 MHz, CDCls):
§182.2, 152.9, 152.7, 151.8, 148.4, 146.5, 140.9, 139.6, 137.3, 135.7, 132.3, 129.9,
129.4, 127.8, 125.9, 123.8, 122.4, 120.5, 120.4, 119.3, 118.7, 55.2, 40.0, 31.4, 29.5,
23.7,22.5, 14.0 = Anal. Calcd. for CsHBmNOS : C,71.92; H,6.99: N, 133

Found : C,71.86; H,7.27; N, 1.36 ¢

3.4.4 H ¥ M5 2z & =560

Di-3-thienylmethanol (14) 2. & %1%

Po— 250mL FEFEFL AR L R SeRiAN 2 EEHFL30mine B~ 40 mL
&k @ % 27 mL n-butyllithium solution in hexane (67.5 mmol > 2.5 mol/L) » I "%
2-78°C -#-12(10g>61.3 mmol)B B if » F BFL® » & & 30 ~ 45 £ #-13(5.9
mL > 67 mmol)f& e iF » F BFLY C FRW I FE 0 F BI2 )PP bo 2R B R
o @t e AL fa i Apfr @ BRE P S o oG ik o ﬁJ\/F-‘fﬁii}-“ﬁJ\ » R
Bk Y e e gt et =110 FF RS T RGOk FRY
18 (732 g) > A % 1 61% - "H NMR (300 MHz, CDCls) & 7.30-7.28 (m, 2H), 7.20 (m,

2H), 7.04-7.02 (m, 2H), 5.94 (s, 1H), 2.37 (s, 1H) °
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Di-3-thienylmethane (15) 2z & &

Bo— 250 mL 5 ¥g > 4r » lithium aluminium hydride (2.9 g, 76.4 mmol) > %
B on ikt Ee R A2 0°C T o4 r moke o 4e > aluminium chloride
(10.2 g, 76.4 mmol) > & J& 10 ~ 45 - #-14 (10 g, 51.0 mmol) 1 & -k ¢ B3 f#
TIAPER G A AR Y o T ki 0 AR RN KR 12 ) B e 4R B
PR BB S%EMPKIRR N EE A BOREZ o T A
Fer 5%E F MECRBRFIZ D Tk A 0 Y RORERRESK O Rk
i R ML mEFERAITS O FIEP R W 15B31g)e A F 1 91%-

'"H NMR (300 MHz, CDCl3): § 7.27-7.25 (m, 2H), 6.95-6.93 (m, 4H), 3.99 (s, 2H) °

Bis(2-bromothien-3-yl)methane (16)2. & &1

Bv— 250 mL B3 ¥y 0 4cr 15.(8.311g,46.1 mmol) 2 DMF (120 mL)# 4=
3 o ArkiFT o A4 » NBS(16.7 g, 93.6mmol)» ®iE I 2 0 F k12 /) pF oo
feo kB E o BA A e BOREBZ S jc B A & 7145@@4%% ko
SRS D T AT FRAEP RS R 16(124 ) A 5
80% - '"H NMR (300 MHz, CDCl): § 7.18 (d, J = 5.6 Hz, 2H), 6.74 (d, J = 5.6 Hz,

2H), 3.86 (s, 2H) -

4H-Cyclopenta[2,1-b:3,4-b |dithiophene (17)2. & =
B— 250 mL ¥ §#g 0 4 » 16 (12.4 g, 36.8 mmol) > 74 >+ 120 mL DMF ¥
#3 c LFE T A M (234g0368mmol) > KERIEEZ HEeR 0 oD
R K QG 15 ] B oo ARG Bpdt 0 4ok % DMF F B0 B T pi Bk
=BT BT A J\E‘f&é}-“f DR RSRIS o P L e T E A
B EFICE 4 Rl 17 (436 )0 A % 167%-° 'HNMR (300 MHz, CDCl3): & 7.18

(d, J=4.8Hz, 2H), 7.09 (d, J = 4.8Hz, 2H), 3.53 (s, 2H) -
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4,4-Di(2-ethtylhexyl)-4H-cyclopenta[2,1-b:3,4-b']dithiophene (18) 2 & =&

B~— 100 mL 55 0 4 » 17 (1.28 g, 7.18 mmol) ~ 2-ethylhexyl bromide (2.77
g, 144 mmol) % i & potassium iodide » £ 4r » 40mLDMSO » X% & /i %2 ¥
W R > ki T 0 e » potassium hydroxide (1.28 g)» wiE 2 28 » & & 16 /] FF
e AR E o e BA oS BORE B o b A T EORE R
ok RIERERE 0 B e it E AT WIS S R 18(2.05g) 0 A
% 171%- 'H NMR (300 MHz, CDCl;): & 7.11 (d, J = 4.8 Hz, 2H), 6.93-6.91 (m, 2H),

1.88-1.84 (m, 4H), 1.01-0.87 (m, 18H), 0.77-0.75 (m, 6H), 0.58 (t, J =7.5 Hz, 6H)

4,4-bis(2-ethylhexyl)-2,6-bis(trimethylstannanyl)-4H-cyclopenta[2,1-b:3,4-b’|dith
iophene (M5) 2_ & =1

P~— 100 mL F§E¥E » 42 18(2.07 g > 5.14mmol) » K ¥ 4cipifFL ~ & i %
2H w0 ML X o b 2@ R THE #8453 » 4 0 °C ™ > EHF » 129 mL
tert-butyllithium in pentane(20.56 mmol, 1.6M) > ¥ &1 ] pF - 2 0°C ™ » E W iF
» 25.7 mL trimethyltin chloride in THF (25.7 mmol, IM) > ¥ v /B 1 28 » F &

12 ,“g_é;o 4E)\7}¢‘§;_,£;;'@,_uq+ Lﬁy‘;}i é&fr%j@*}:ﬁ»;:’( ’ 1;:;3‘;7; J&ﬁé] y *

%

d

RORARFRGE R K o kR SETS > % crude product v B 2 R fR 0 e~ 3
F= e AvEs MR PR celite M el kAR R EZ 1 X 0 TR AR
%R M5 (3.6 g) 0 A% 1 96% - 'H NMR (300 MHz, CDCls): & 6.95-6.93 (m, 2H),
1.86-1.82 (m, 4H), 1.00-0.85 (m, 18H), 0.74 (t, J = 6.9 Hz, 6H), 0.58 (t, J = 7.2 Hz,

6H), 0.43-0.25 (m, 18H) -

345 3L 3B L hs R
CPDT-co-TPA 2_ & 1%

Bo— 25mL EFEHFL4 » B2 7 ~M5 (659 mg - 0.905 mmol) ~ M1 (463 mg - 0.905
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mmol) ~ Pdy(dba); (33.2 mg > 0.036 mmol)% P(o-tolyl); (88.2 mg > 0.29 mmol) » %

BRinE 2k PERE S RGHF F o5 30 mL &k ¥ B

‘J’I{Li/}?——r j;-‘ff:tfz:‘ 30 % C%_t_ "ﬂm___leOC’ k,—r);},@3%°
FRShie  FRRvIZTELE  RBFITRY LUK -tk A RS
Soxhlet extraction » 14 ¥ fgi%e— % > L * F Ak % > B {8 THF 23%% 7 & >

B {4 18 3| % #8 4c ~ Si-Thiol gel lf—i 7 F g IR Bim s 0 BRI R R
Jig o 11 Et B e THE #8320 R 07 B il > e AN 0% 5 F
# ¢ FM 034 g & : 50% o 'HNMR (300 MHz, CDCL3): § 7.51-7.49 (m, 4H),
7.40-7.36 (m, 2H), 7.20-7.13 (m, 9H), 7.06-7.05 (m, 2H), 7.02-7.00 (m, 1H),
6.93-6.87 (m, 1H), 1.91 (m, 4H), 1.00-0.98 (m, 16H), 0.74 (m, 8H), 0.65 (t, J = 7.2
Hz, 6H) - GPC (THF, polystyrene standard) Mn= 8.49x 10’ g/mol, Mw = 1.48 x 10*

g/mol, PDI=1.75 -

CPDT-co-TPACHO z_ & &16%
Br— 25mL EESEFL A ~ B B M5 (333.5 mg »0.458 mmol) ~ M2 (246.9 mg >

0.458 mmol) ~ Pdy(dba); (16.8 mg > 0.018 mmol)% P(o-tolyl); (44.6 mg > 0.147

mmol) > JF4FiE VR E £ & P E T RS FF B 15mL &-K7 FiL
ALY O RER T 53 ﬁ“f;’}"ﬁﬂ: AgBts o HER120°C A F F T

B3x o F SR FARPEIZEL BMFIEY LUKk FH
2R t¢ L Soxhlet extraction » 12 ¥ fRie— X » B % FAkE- X 0 B {8 % THF 23%7%
Tk &8 8 P 48 4 ~ Si-Thiol gel f% g g BRI A o BiRis 0 Bm
R RS 0 b £ o0 THF % FRI3 13 X060 R /ol o AR - 42
%1594 F 4 B 031 g A% 186%: "HNMR (300 MHz, CDCl3): 5 9.85 (s, 1H),
7.67-7.66 (m, 1H), 7.53-7.50 (m, 4H), 7.43-7.40 (m, 2H), 7.14-7.12 (m, 11H), 1.91 (m,
4H), 1.01-0.99 (m, 16H), 0.74 (m, 7H), 0.68-0.63 (m, 7H) - GPC (THF, polystyrene
standard) Mn = 7.97x 10’ g/mol, Mw = 1.73 x 10* g/mol, PDI =2.17 -
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CPDT-co-FA z & &%

Bo— 25mL BEFFFLAe » B F ~ M5 (287 mg > 0.394 mmol) ~ M3 (404 mg »
0.394 mmol) ~ Pdy(dba); (14.4 mg > 0.016 mmol)% P(o-tolyl); (38.4 mg > 0.126
mmol) > 4w i g 2 F R PRI L RUEELFF o 13mL &K Fid
LY 0 TR T UE ”Itﬂfza? 30 ~ 4818 0 2B I 120°C> g F
B3 X o F SR E FRARPEIZES BMBFLI B LK jch F
2R 15 % Soxhlet extraction » 14 ¥ fgie— X » L * FAkie- * > & {8 * THF 230k
T ok o s B PR A8 4 ~ Si-Thiol gel lf-i g g IR BiRs  BiR
RO RRS o M B0 20 THE R 12 > R0 7 ge ook > o b\ 52
FEHRR S AW 0261g0 AF 152%- 'H NMR (300 MHz, CDCl5): & 7.61-7.59
(m, 4H), 7.51 (m, 2H), 7.33 (m, 3H),7.20 (m, 4H), 7.12-6.88 (m, 10H), 1.95 (m, 12H),
1.11 (m, 40H), 0.82-0.80 (m, 14H), 0.71-0.69 (m, 20H) - GPC (THF, polystyrene

standard) Mn = 7.36x 10° g/mol, Mw = 1.64 x10* g/mol, PDI = 2.23 -

CPDT-co-FACHO 2. & =%

B— 25mL E5¥gée »Z 7 ~ M5(240 mg > 0.33 mmol) ~ M4 (347 mg > 0.33
mmol) ~ Pdy(dba); (12.1 mg > 0.013 mmol)% P(o-tolyl); (32.1 mg > 0.106 mmol) > %
G A R R R AL F o5 llmL & kT FIL~ EHALY

FRE FRRYEIZECSORMFIY B R UK TR A R A Soxhlet

c 30 4 4mis 0 BT 120°C AF FTTRAR3X F I

=y

F_*
st
Rd

A
9 “
ey
’I

~

extraction » ™ ¥ ARik- X > L *F F AR~ X o B f8* THF 23%%7T % > &i{s
T &% 48 4 ~ Si-Thiol gel “ﬁi ARG hE LR Bk  BIRR ,ﬁk@/}yﬁ ;
"> B e THE R-FIR075 % 0 2800 07 R rolik > o BB > So k0 W i o

48 0.282 g0 & 5 166%° 'H NMR (300 MHz, CDCl3): § 9.85 (s, 1H), 7.67-7.66 (m,
1H), 7.61-7.58 (m, 6H), 7.51 (m, 2H), 7.40-7.37 (m, 2H), 7.21 (m, 2H), 7.07 (m, 9H),
1.97 (m, 12H), 1.22-1.05 (m, 44H), 0.85-0.80 (m, 17H), 0.71-0.67 (m, 13H) - GPC
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(THF, polystyrene standard) Mn = 1.11x 10* g/mol, Mw = 2.49 x 10* g/mol, PDI =

2.24 -

CPDT-co-TPADCN 2z & &

B-— 100 mL ¥ §g¥g+4 » 2 £ ~ CPDT-co-TPACHO (89.7 mg > 0.115 mmol) ~
malononitrile (0.27 g > 4.01 mmol) ° 4 » 10 mL chloroform » {¥323 3 f#{s > £ 4¢
*» 0.5 mL pyridine» % B2 § F TF B 16 F - F i dts  RBFLIYHE
PR e R M R T R R BB iR AR A
74.6 mg> A & 1 78%¢- 'H NMR (300 MHz, CDCls): & 7.74 (s, 1H), 7.61-7.60 (m, 1H),
7.54-7.52 (m, 4H), 7.44-7.41 (m, 2H), 7.20-7.15 (m, 10H), 1.93 (m, 4H), 1.01-0.99 (m,

16H), 0.75 (m, 8H), 0.65 (t, J = 7.2 Hz, 6H) =

CPDT-co-TPAPDT 2 & &1
Pr— 100 mL ¥ §f¥54¢ A &% £~ CPDT-co-TPACHO (170 mg » 0.217 mmol) -

1,3-diethyl-2-thiobarbituric acid/(1:52 g > 7.61 mmol) ° 4 » 10 mL chloroform > #

mx

323 %031 > £ 4 » 0.5 mL pyridine » %232 § § TE R 16 FF - F gL

¢

oo BMMFLIOREY R TR AL T BE AR NE TR
ISR % ¢ FRY 198 mgo A % 194%- 'H NMR (300 MHz, CDCls): § 8.63 (s, 1H),
7.80 (m, 1H), 7.61-7.37 (m, 7H), 7.20-7.16 (m, 10H), 4.60 (m, 4H), 1.92 (m, 4H),

1.36-1.20 (m, 6H), 1.01 (m, 16H), 0.75 (m, 8H), 0.66 (m, 6H) -

CPDT-co-TPATCN 2 £ & ¢!l

P 25mL B4 » B £~ CPDT-co-TPA (0.15 g » 0.199 mmol) » % % H
wiRE iRk E E 487 4e » tetracyanoethylene (0.13 g > 0.994 mmol) » 2% {5 -
FRITENSE 4§ § 0 8 FLr 10 mL DMF - #3553 215 - 2R 1
85°C F Ju 24 /) P o F i d s > MMRFZ " M £k o B FRE > FIHEE
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VEEE FAE R AOME SIS ELSS TR 585mgs A X 1 34% - 'THNMR
(300 MHz, CDCls): & 7.97 (m, 1H), 7.55 (m, 3H), 7.46-7.43 (m, 3H), 7.24-7.23 (m,

2H), 7.16 (m, 7H), 1.93 (m, 4H), 1.01 (m, 15H), 0.74 (m, 7H), 0.68-0.66 (m, 8H) -

CPDT-co-FADCN 2 & & ¥

P~— 100 mL ¥ gg¥g4c » 2 % ~ CPDT-co-FACHO (156 mg ° 0.12 mmol) ~
malononitrile (0.28 g » 4.21 mmol) ¢ #x » 10 mL chloroform > #3223 /3 f#{5 > £ 4¢
» 0.5 mL pyridine » &% 8% § § TF 16 F g dis » REFI 7 MR
PR ek F O AR T RRE FAR e B R 2R AR AN
141 mg > & = : 87% o 'HNMR (300 MHz, CDCl3): 8 7.74 (s, 1H), 7.61-60 (m, 8H),
7.52 (m, 3H), 7.41-7.39 (m, 3H), 7.21-7.19 (m, 3H), 7.13-7.08 (m, 5H), 1.97 (s, 12H),

1.11-1.05 (m, 42H), 0.84-0.80 (m, 17H), 0:71=0:67 (mn; 15H) °

CPDT-co-FAPDT z_ & = 1™
B~— 100 mL ¥ §g¥g4r » 2% ~ CPDT-co-FACHO (177 mg » 0.137 mmol) ~

1,3-diethyl-2-thiobarbituric acid (0.96 g > 4.79 mmol) o #c » 10 mL chloroform » *
3293 3031 > £ 4~ 0.5 mL pyridine» 23 B2 § 5§ TE R 16 FF o F BEL
BoBRMBFLITRY Rtk TR EM BME LT RE FgKPRNE T
WeisB 2 %4 FRE 180 mgr A & 189%¢ 'H NMR (300 MHz, CDCls): & 8.63 (s, 1H),
7.80 (m, 1H), 7.61-7.59 (m, 7H), 7.51 (m, 3H), 7.44-7.41 (m, 3H), 7.22-7.08 (m, 8H),
4.61 (m, 4H), 1.96 (m, 12H), 1.36-1.22 (m, 12H), 1.11 (m, 40H), 0.82-0.80 (m, 16H),

0.71-0.69 (m, 12H) -

CPDT-co-FATCN 2z_ £ =61l
B~— 25mL BFEFL4 » # T ~ CPDT-co-FA (0.247 g > 0.195 mmol) » #£ % H
w R ZE g E R8¢ 4e » tetracyanoethylene (0.1 g» 0.78 mmol) » 7% {5 #-F

78



BALE N L R F o e A I0mLDMF> #3553 21 28 5 85°C

oo

LT
24 [P o F i h i o RBGFD O Y BT fc b AN B 0

SEISE LSS FR 115mg A F :43% - 'HNMR (300

W
Ed
7~
S
R
&
Jm)
Py
Sy
)

MHz, CDCly): § 7.97 (d, J = 4.5 Hz, 1H), 7.63-7.61 (m, 6H), 7.52 (m, 2H), 7.44-7.41
(m, 3H), 7.33 (m, 1H), 7.21-7.20 (m, 3H), 7.15-7.10 (m, 6H), 1.97 (m, 12H), 1.11 (m,

41H), 0.84-0.79 (m, 17H), 0.71-0.69 (m, 16H)
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Appendix 1. '"H-NMR spectrum of (3)
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Appendix 2. "H-NMR spectrum of (5)
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Appendix 3. "H-NMR spectrum of (6)
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Appendix 4. 'H-NMR spectrum of (M1)
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Appendix 5. '"H-NMR spectrum of (M2)
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Appendix 6. 'H-NMR spectrum of (8)
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Appendix 7. '"H-NMR spectrum of (9)
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Appendix 8. '"H-NMR spectrum of (10)
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Appendix 9. '"H-NMR spectrum of (11)
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Appendix 10. "H-NMR spectrum of (M3)

93



E
[=%
(-9
8100~
o-o'o%-====- L
£10°0 L
199°0 3
T6E 0y
5199 —\— \ 5051
Ll b — H A
E3%"0 o
&80T I~ .
$00-1— ]’" L
211
ES1°1
vt 1—,
g0 1,
1501 .\ e
s 1 |
5287 -
IR L
B8 T |
£48°T
e
& o
£
S
29 i
3
H Lo
W, i o =
=: N
LA
A0 .
=
S
&
880 ¢ =
980 L e
€50 ¢
€907
8oL
S0T° ¢
Il L
FTa A )
2S5 . L .‘igg
292 L S :
S rh1
e — | ‘2
EEE"4 "S 1% Igig
BT L - x
2L [ el
rEVTL
Ebb L -
Lae L
P
TEEL
§5574
£59°¢
$99°¢
= oy
Ly ——————— ) — R
-

Appendix 11. "H-NMR spectrum of (M4)

94



480" 0

ETE

SEETS

14

L ot 2870t

e TA ]

i

|

Appendix 12. "H-NMR spectrum of (14)
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Appendix 13. "H-NMR spectrum of (15)
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Appendix 14. "H-NMR spectrum of (16)
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Appendix 15. "H-NMR spectrum of (17)
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Appendix 16. "H-NMR spectrum of (18)
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Appendix 17. "H-NMR spectrum of (M5)
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Appendix 18. "H-NMR spectrum of CPDT-co-TPA
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Appendix 19. "H-NMR spectrum of CPDT-co-TPACHO
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Appendix 20. 'H-NMR spectrum of CPDT-co-FA
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Appendix 21. 'H-NMR spectrum of CPDT-co-FACHO
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Appendix 22. "H-NMR spectrum of CPDT-co-TPADCN
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Appendix 23. "H-NMR spectrum of CPDT-co-TPADTA
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Appendix 24. "H-NMR spectrum of CPDT-co-TPATCN
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Appendix 25. 'H-NMR spectrum of CPDT-co-FADCN
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Appendix 26. 'H-NMR spectrum of CPDT-co-FADTA
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Appendix 27. "H-NMR spectrum of CPDT-co-FATCN
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Appendix 28. PC-NMR spectrum of (11)
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Appendix 29. PC-NMR spectrum of (M3)
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Appendix 30. PC-NMR spectrum of (M4)
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Appendix 31. Mass spectrum of of (11)
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Appendix 32. Mass spectrum of of (M3)
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Appendix 33. Mass spectrum of of (M4)
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