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w oo uhgra e AAdo] we Az fHFAAE AW, AT, FEesE, B85, 4
o

= — =
A2A oz o] Fol ),

A7) 71e f2 2 ATt o]]o= PET(polyethylene terephthalate), PEN(polyethylene naphthelate),
PP(polyperopylene), PI(polyimide), PC(polycarbornate), PS(polystylene), POM(polyoxyethlene), AS 44|
(acrylonitrile styrene copolymer), ABS <=A](acrylonitrile butadiene styrene copolymer) %

TAC(Triacetyl cellulose) o= X3t S8 22 Fdsta FH3 242 AxE 4 ).

B 7] Al A5e 29EY, E-Beam, 5F, AWIAH 9, 933 Z¥Y, 9 ol ®

Tephlel AU S AMEste FHEASE A4S 7] 7] EEAY dEFHRE IgEoEN §
Ak, Al AF(120)8 oo 7)%S st REOEN ToetE A2 AS(160)d] BlE) YIFrr 2 52
FHA 2 EAAS 2 999 E4o] AH8E F k. olE &4, [T0(indium tin oxide), =&, &, E&
] =

FE ¥ ZAR]=(fluorine doped tin oxide; FT0), €&Fv]Fo] =3H A SAlo]=(aluminium doped

471 Al AT AFdde Y 550 293y £ g2y 5o WS S8 =dEed, B dgols
=4 aEA gdozx Z2(3,4-oEAYAE] 2 H): E 2] (4-2~E] AN F o] E)[PEDOT:PSS1E  AH&31=

PSS -1
LA A, 60 WA 120mm FAZR 4=
I

of =ld 4 3l olul, A7 F71&ve olAE, WEE, THF, 34, Add, geEZdy, FRexs 2
Z2ylAl, fEZ=2R == ol Egul A F o, od #HH= R oy, Hd B Wy mE
3 S|

H N
S xIEE Y] B2 Le o HAx dwER Qsle], dEbdF U E(short circuit current
(e}

A7) ARFESTE AAFETY REEAE PPN A8 AU (surfactant) & H7bste] Ax & F
ek, olwl, AVl AAFEEFE IHAY VTS VHAE FEA LEAE B, s EE o5 £l
alstar, v A &0 AUBHAAE HUs § Aol wubg FYAIE dAE T AxT S
k. oju), A7) AAAA 71578 MANE S LEARE Z8[9,9-0]2(6' -Ho gr-golu| =) ) -EF o
gllo] npA sy, A7) AMSAAE 2,4,7,9-HEFHE-5-H71-4,7-t] &0 Zo] v A S A, oo AT
E AL ofyuh. L3 A e84 nEA 2 AWIAAF EFE A8 A9 3y T does 2 U
20nm ZWE] AAZshE o] Frh. ojul, V] AAFEIFTE ~dzEHe WY Qd: d3y, 23

g = = , 2 1S 58

T 3 2 sl T}
LI A7) A2 ASE AAeETe] BY9E AEddA dSHVE ol&ste SFE 4 dn. oW AHETsd A
SARRZE wEEE/SFE, wSE/2E/SE, 2E/SF v, BevbE/ G E, wuhE/ v/ ¢
g, v/ EFEE, ST, w2, viedle e B gEidTrle Sl AdEE ¢ flew, vkt
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2 HAZAZL 500 mL At B vy ZEk~=9] 3,3 -dibromo-5,5" -bis(trimethylsilyl)-4,4" -
bis(dodecyl)-2,2" -bithiophene (9.8 g, 0.012 mol) (7.50 g, 17.73 mmol)S diethyl ether 280mL o ¢l
S np-butyllithium in hexane (2.5 M) (9.7 mL, 0.024 mol)S -78 ColA HH3S] ZH7IAHTF. L 3 diethyl
ether 20mL ol =¢I dichlorophenylphosphine (2.2 g, 0.012 mol)& -78 C dA] HH3| A7IAFHT. A7 H
8} Aol A 2 A|ZF WHE T hydrogen peroxide (20 ml) ¢} dichloromethane (100 mL) &3H&ES A 7FA AL,
Aol 4 Al adt A7 & to]EFRRWEe R 55 §U5E BEE HolT u MgSOE AFRAIZ F,

3| A2 VS o] &3] &S A AAATE. o]ZXN, A& ZHF oddH o &4 (3,5-didodecyl-4-phenyl-
2,6-bis(trimethylsilyl)phospholo[3,2-b:4,5-b']dithiophene 4-oxide)< T o]Ate] A 34 glo] nviz &
S-S 33kt

471 3,5-didodecyl-4-phenyl-2,6-bis(trimethylsilyl)phospholo[3,2-b:4,5-b'ldithiophene 4-oxide (4.6 g,

0.006 mol) & ZFEEZXE U olNEX =3 S‘UH (200 mL, 1:1 [v/vDol =9d 3 Aor n-
bromosuccinimide (2.2 g, 0.012 mol)& ghiol| Foigh & WS st A 6 AlZHed wRAZY. o&
golFzadgto g FE533 F75S B2 HoE e MgSO,= AZRAINSE, 3|72 FU7E o]&3ste] ful&s

A AAZATE. ©]E n-Hexane/ethyl acetate (10/1)¢] £33 &uj& AlL3sle] A8 F=2vlE gz B 3 o
&5 o] 8ot AZAANA =T TATE 1.2 g (259 F55F% T

1H NMR (300 MHz, CDCls)[ppm] & = 7.74 (m, 2H), 7.56 (m, 1H), 7.45 (m, 2H), 2.57 (m, 2H), 2.37 (m, 2H),
1.43-1.10 (br, 40H), 0.92-0.87 (m, 6MH).

13C NMR (500 MHz, CDCls)[ppm] & = 144.26, 144.08, 143.20, 143.09, 137.98, 137.12, 133.00, 131.22,

131.13, 129.52, 129.42, 128.71, 111.92, 111.78, 32.32, 30.02, 29.82, 29.74, 29.69, 29.57, 29.04,
23.08, 14,49.

MS (EI) m/z = 782 (M+)

[b¥+Al] 2-decylselenophene o] A%

Se2  nBuli/1-Bromodecane
&) - C?-JHZT_U
Tetrahydrofuran

2F AZAIZ 150 mL A 52 vle Z8}~F0] selenophene (10.0 g, 0.076 mol) < tetrahydrofuran 150 mL
| =50]3, n-butyllithium in hexane (2.5 M) (33.6 mL, 0.084 mol) < 0 coﬂxi xgdol H7kA A, 1§
1-bromodecane (18.6 g, 0.084 mol) & HH3] FH7} 3 F 50 Loﬂ*ﬂ 12 /\]7J ok BT, AR 2nE

W2l diethyl ether® AFE3le] F%3 T {7158 E2 HAolFE O MgSOLE XA F, 3|42 Zu7)E
O]*&'EP@ |2 A7} th. n-Hexane/dichloromethane (20/1)¢] &3 &uj= Algelo] A8 AR EIYIARE
Bel & 83HE 11.0 g (53%)S 53kt

2

H MR (300 MHz, CD.Cly)[ppm] & = 7.83 (d, 1M), 7.15 (d, 1H), 6.99 (d, 1H), 3.00 (d, 2H), 1.80 (m,
2H), 1.53-1.18 (br, 14H), 0.92-0.82 (t, 3H).

13C NMR (500 MHz, CDCls)[ppm] & = 153.86, 129.46, 128.31, 126.56, 33.17, 33.02, 32.37, 30.06, 30.02,
29.85, 29.78, 29.58, 23.14, 14.55.

MS (EI) m/z = 272 (M+)
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[0132]
[0133]

[0134]

[0135]

[0136]

[0137]

[0138]
[0139]

[0140]

on
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[cHA] 4,8-bis(5-decylselenophen—2-yl)benzo[1,2-b:4,5-b' ldithiophene®] A%

1. n-Buli
2, Elenzu{1.2—b:4.5—b‘}dthi0phene“'.B—Gione

8o 3 SnCl 2H,0
CroHaz I -
Tetrahydrofuran

[e)

2 AZAZ 500 mL A B vbg ZEk239] 2-decylselenophene (5.9 g, 0.022 mol) < tetrahydrofuran
100 mL o =<1 %, n-butyllithium in hexane (2.5 M) (9.1 mL, 0.023 mol) 0 ColA HH3J H7A AL, 1
S Wk 52 50 ColA 2 A Ter WwWEAZATY. I ¥ benzoll,2-b:4,5-b'ldithiophene-4,8-dione (2.0 g,
0.009 mol) & ¥HS-Eo| o] £3 F 50 CollA] 2 A|ZF B¢ kAT, "ESEe] L2232 Ao g
3l SnCly - 2H,0 (6.1 g, 0.027 mol) & 10 mL HC1 (10%) © o] WkS-Eo HAH3] HA7FAI7]aL, 2 A|7HEet 1l
AT, A7) WESES diethyl ether & AMEslY] FEIF f715S EE Aold e MgSO,E AFAIZ
3 A2 SV E o] g3te] fulE A AT, n-Hexane/ethyl acetete (10/1)2] &3 &ujZ Alg3le] 4
ARmEIRIR 2F S-S o] &ste] AAAG F FE 3.2 g (48%)S F533UTH.

&2

)

o o

I NMR (300 MHz, CDCls)[ppm] & = 7.71 (d, 2H), 7.45 (d, 2H), 7.32 (d, 2H), 7.11 (d, 2H), 3.00 (d, 4H),

1.80 (m, 4H), 1.53-1.18 (br, 28H), 0.92-0.83 (m, 6H).

13C NMR (300 MHz, CDCl;)[ppm] & = 145.19, 139.06, 137.51, 136.44, 127.61, 127.30, 125.30, 124.03,
123.29, 41.55, 34.33, 32.53, 29.42, 25.83, 23.06, 15.67, 11.00.

EI, Ms m/z (%): 730 (100, M+);HRMS(ESI) Calcd for: CsgHsoS:Sex (M+):730.1684

[detAl] (4,8-bis(5-decylselenophen-2-y1)benzol1,2-b:4,5-b' ldithiophene-2,6-
diyD)bis(trimethylstannane)®] A=

CooHan

n-Buli / Trimethytin chloridg__
Tetrahydrofuran

CT-':IIHZ?

2 AZAZ 100 mL AT B ovtes ZgkAFo] 4,8-bis(5-decylselenophen-2-y1)benzol[1,2-b:4,5-
E 0 C®2 Y33 n-Buli (2.5 M in

b'ldithiophene (2.0 g, 0.003 mol) & ¥l THF (30 ml) ©] =%}, &&=

hexane, 2. 6 mL, 0.006 mol)& 3] AH7FA7]aL, 50 CTE A %S%Ez i A 715 st 2 AzE

Fob wuk & RTZ 255 Wzdh. 18]l trimethyltin chloride (1.2g, 0.006 mol) < HH3] Arrek & RT

oA 6 AV*EOJ WA T, o]E deBel Ral, Ether2 F&E811 f7]5S B2 AF o MgSO,E A=
75 ALgSEte] ALoA &1lE AAAAT. ©]F methanol S o]&3le] AZAA o] AEHRE

2.4 g (83%)& 53},

" NMR (300 MHz, CDCly)[ppm] & = 7.73 (d, 2H), 7.44 (d, 2H), 7.12 (d, 2H), 3.00 (d, 4H), 1.79 (m, 4H),

1.57-1.32 (br, 24H), 0.94-0.89 (m, 6H), 0.52-0.33 (t, 18H).
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[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]
[0149]

[0150]

[0151]

on
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[ext7Al] PDDTP-BDTSeR & A=

271 nEA= 2"dStille) ASY wEs B3 S¥E 4 vk 2,6-dibromo-3,5-didodecyl-4-
phenylphospholo[3,2-b:4,5-b"' ]dithiophene 4-oxide (0.296 g 0.379 mmol) ¥} (4,8-bis(5-decylselenophen—2-
yl)benzol1,2-b:4,5-b' ]dithiophene-2,6-diyl)bis(trimethylstannane) (0.400 g 0.379 mmol ) =
chlorobenzene (7.5 mL) ©o] FHolx AA X3S HAAEHTt. 21 & ZvjE Pdy(dba); (0.008 g, 2 mol%) <}

P(o-tol)s (0.011 g, 8 mol%) = YL 110 C oA 48 A7+ E<¢F SdFAFH T},  o]o] 2-Bromothiophene (0.2

nl) & @i, 6 AP w¥kAFATE. o]l 2-tributyltin thiophene (0.2 mL) ¥iL 6 A]7F WHFAIZ]H  end-

cappings &} Els NS wekE 300 mloll HH3] HAA7IZ FAHE nAE Ay, 2

W aA= "Ea%\(sohxlet)% Bl g, oAE, I H EFR4 FoF HAAHT. HHE 4 FFA
al

A B2 3= 0.33 g (64%) S F538H5ITH.

IH NMR (300 MHz, CDCls)[ppm] & 7.82 (br, 2H), 7.64.41 (br, 7H), 7.06 (br ,2H), 3.03-2.55 (br ,8H),
1.83 (br ,4H), 1.48-1.09 (br, 68H), 0.91 (br, 12H)

[4 A4 2] PDDIP-BDIRS] A=

[a¥tAl] 2,6-dibromo-3,5-didodecyl-4-phenylphospholo[3,2-b:4,5-b' ]dithiophene 4-oxide?] #|Z%

Gt BT I ;:I S
1. n-Bul |/ Debmaneny noegh he o o
o S, d- 2 rydnogenermice e e R O Z Cat
A o T, M CHCl | AOH w‘
B Tighizs JI 5 ) II{‘ Br S0

2 AZFAZL 500 mL AT B2 vty ZgkA3Fd] 3,3 -dibromo-5,5 -bis(trimethylsilyl)-4,4" -
bis(dodecyl)-2,2" -bithiophene (9.8 g, 0.012 mol) (7.50 g, 17.73 mmol)S diethyl ether 280mL °f =91
3 np-butyllithium in hexane (2.5 M) (9.7 mL, 0.024 mol)S -78 ColA HH3F] ZH7IAHTF. L 3 diethyl
ether 20mL | ¢! dichlorophenylphosphine (2.2 g, 0.012 mol)<S -78 C oA HH3F] HA7IA A, A, =
2715 skl 2 AZF nRE & hydrogen peroxide (20 mL) ¢} dichloromethane (100 mL)2] &3&& H7[AA
th olE ALoA 4 AIE AW & gelFREHEo R FE31 §715S BE AoFrhe NgSoE dFA
&, 3Hd S5 o]gsle &uls AAAAL. I EXI 2 AdFH ] & (3,5-didodecyl-4-phenyl-
2,6-bis(trimethylsilyl)phospholo[3,2-b:4,5-b' ldithiophene 4-oxide)S U o]d9] AAl A §lo] vz v

hgs Aaekelth

471 3,5-didodecyl-4-phenyl-2,6-bis(trimethylsilyl)phospholo[3,2-b:4,5-b'ldithiophene 4-oxide (4.6 g,

0.006 mol) & FZZIXE oAEX &3 &0 (200 mL, 1:1 [v/vD)el =< ¥ /E}Loﬂ/\i n-bromosuccinimide

(2.2 g, 0.012 mol)E o] FPs F WS kel 2 A 6 A|ZHEet IAHEAIHT, F7]5S tlolE 22
=

Hl o
=
gon FE3A 7SS ER AAFE UE MeSo,E AxRA F, WA 037]% o]&3ste] &uiE

AAXNZHTE. n-Hexane/ethyl acetate (10/1)¢] &3 LujES AlR3slo] A FFZuE a2 2 T ass
o] &3ste] AAAANA = uASFTE 1.2 g (25%)S FE53HA

)

I NMR (300 MHz, CDCl3)[ppm] & = 7.74 (m, 2H), 7.56 (m, 1H), 7.45 (m, 2H), 2.57 (m, 2H), 2.37 (m, 2H),
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[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]
[0160]

[0161]

[0162]

on

£=0l 10-1553806

1.43-1.10 (br, 40H), 0.92-0.87 (m, 6H).

e MR (500 MHz, CDCl3)[ppm] & = 144.26, 144.08, 143.20, 143.09, 137.98, 137.12, 133.00, 131.22,

131.13, 129.52, 129.42, 128.71, 111.92, 111.78, 32.32, 30.02, 29.82, 29.74, 29.69, 29.57, 29.04,
23.08, 14,49.

MS (EI) m/z = 782 (M+)

[b¥+A] 2-decylthiophene 2] A%

3 n-Buli/ 1-Breomodecape

s
- g sz—O
Tetrahydrofuran o

2 Az A7) 250 mL 37 S0 thiophene (10 g, 0.11 mol)& Yz, THF (150 mL)o] =Act. o]F 2.5 M
n-butyllithium (56 mL, 0.14 mol) < 0 T ©lA Udol A7 A2 3 1-

bromodecane (31 g, 0.14 mol)S =
3 AMAFHY. HgE 2&2E 50 T2 28 a, 12A3F &t wgAIFHY. 85 o|83te Hhgo] TR
etherZ o]&3lo] F&S AT MgS0,E FES Zﬂ A%t & &uE 4AF] AAAZIA, gxBHolds 3o

A=A s} 18 g (68%) & F53I3H.
H ONMR (300 MHz, CD,Cl,) [ppm] & = 7.80 (d, 1H), 7.13 (d, 1H), 7.01 (d, 1), 3.01 (d, 2H), 1.82 (m,

2H), 1.55-1.16 (br, 14H), 0.92-0.82 (t, 3H).

[ce+A] 4,8-bis(5-decylthiophen-2-y1)benzo[1,2-b:4,5-b']dithiophene®] A%

1. n-Buli
2. Elenzu{1,2—b:4.5—b‘[cithinphene‘4.3—di0ne

3..8nCl; 2H:0
CioHz -
Tetrahy drofuran

CaoHzt

ZF Az AN 250 mL 37 Z2F20] 2-decylthiophene 7 g (0.033 mol)& YL, THF (60 mL)ol] HAc}. o] F
2.5 M n-butyllithium (13 mL, 0.033 mol) & 0 C oA HH3] H7/MAIATH. WgEQ 225 50 T2 &84,
2A17F Hot w3 A171 & 4 8-dehydrobenzoll,2-b:4,5-b" ldithiophene-4,8-dione 3 g (0.014 mol)S #7133 %
2AIZE Bt RESAIFT, olF ARo® REE UHE SnCly - 2H,0 (6 g, 0.034 mol)S 10 mL HCI (10%) ol

HAHA3] A7MA 713, 2 AIZF E¢F wukA ATk, A7) 9SES diethyl ether & A8t F33)
T F715E B2 HoFE O NgSo,E AXRAZ £, I FAVE olgsted &ulE AASGT. n-
Hexane/methylene chloride (4/1)9] =3 &ujE Algsle] Ad F2vlEaYYE 22 F He2S o] &3t A
A% F 4.0 g (61%) & F533ATE.

P Ao

2

' NR (300 MHz, CDCls), [ppm] & = 7.72 (d, 2H), 7.43 (d, 2H), 7.30 (d, 2H), 7.15 (d, 2H), 2.88 (d,

4H), 1.80 (m, 4H), 1.53-1.18 (br, 28H), 0.92-0.82 (m, 6H).

13C NMR (300 MHz, CDCls), [ppm] & = 145.19, 139.06, 137.51, 136.44, 127.61, 127.30, 125.30, 124.03,

123.29, 41.55, 34.33, 32.53, 29.42, 25.83, 23.06, 15.67, 11.00.
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[0163]

[0164]
[0165]

[0166]

[0167]

[0168]
[0169]

[0170]
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[de-AlI] (4,8-bis(5-decylthiophen—2-y1)benzol[1,2-b:4,5-b" ]dithiophene-2,6-diyl)bis(trimethylstannane)2]
Az

CigHas

n-Buli / Trimethyltin chloride % .
Tetrahydrofuran =

CroHzy

2 Az AZ 100ml 37+ Zgk&Fo 4,8-bis(5-decylthiophen-2-yl)benzo[1,2-b:4,5-b"]dithiophene 1 g
(0.002 mol)S ¥ THF (15 mL)ell ¥k, ©o]% 2.5M n-butyllithium (1.5 mL, 0.004 mol)& 0 TolA HH3|
A7k A7 F ¥gES RRE 50 TR SEHE FH 2 AlRF B WEATI, ARor 2EE Lﬁﬂ"’
chlorotrimethylstannane 0.8 g (0.004 mol)& Z7}3F % 6 AJZF FF w5 A b=

ether & AFE3te] 5 & {7155 B2 HolF U NS0, AXAIZ -, W04 FU7E o] &3t &)

2 AALE. ©]F ethanol T ether(1:2) & AAAES o] 0.8 g (72%) & FE35}9 ).

HNR (300 MHz, CDCls), [ppm] & = 7.69 (s, 2H), 7.49 (d, 2H), 7.18 (d, 2H), 3.01 (d, 4H), 1.81 (m,
4H), 1.56-1.34 (br, 24H), 0.99-0.92 (m, 6H), 0.56-0.033 (t, 18H)

[extA]] PDDTP-BDTIR ¢ ==

oo,/ PRl
Chiombenzens

A7 aEAE 2"8d(Stille) AZFH WS B T 4 Ak, 2,6-dibromo-3,5-didodecyl-4-
phenylphospholo[3,2-b:4,5-b' ]dithiophene 4-oxide (0.325 g 0.416 mmol) ¥} (4,8-bis(5-decylthiophen-2-
yl)benzol[1,2-b:4,5-b"']dithiophene-2,6-diyl)bis(trimethylstannane) (0.400 g 0.416  mmol) =
chlorobenzene (7.5 mL) ©] *Folil A XS A|FTh. 2 F Zul& Pdy(dba); (0.008 g, 2 mol%) <} P(o-

ol); (0.011 g, 8 mol%) = i 110 T oA 48 A7+ F<oF &7 A#Ht+. 2-Bromothiophene (0.2 mL) & ¥

R

3l 6 AlZF wHkAJZTE. 2-tributyltin thiophene (0.2 mL)S Y¥il 6 AlZF w¥kA]Z]|W | end-cappingS Al AT
Y thg 9S8-S WS 300 mLell  HH3] AAAZIL AHE TAE AZxn, AYd uAe 4™
(sohxlet)S Z3] HIEFE, olAE, WA, EFd, o2 AAANZL, YHS AL E=AA Hergd A 3

g

AAA HEE S3l A 122 S5HE 0.31 g (59%)S F53FTt.

rmm

£l

Mn = 19100, Mw = 31200 tHEAF= 1.63

1
H NMR (300 MHz, CDCl3)[ppm] & 7.83 (br, 2H), 7.64-7.45 (br, 5H), 7.30 (br ,2H), 6.91 (br ,2H), 2.96-
2.58 (br ,8H), 1.80 (br ,4H), 1.48-1.09 (br, 68H), 0.91 (br, 12H)

[AAd 3] AAd12RE HojW 1EXH(PDDTP-BDTSeR) S o]-&3 7] el FAX A&
FA=e [T07F 298 FE1718S WA opME, olaxzd AdAES 747 A3l SuAH S 3 & V-
Ozone A &ZE 30 7+ AA AT, 2 9o PEDOT-PSS(Baytron P TP Al 4083, Bayer AG)Z
FAZ S& IYSIFT. I F 120 TolA 10 #3F oJdF S st &ulE AAST. S5 & 2

%
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E AA1RFE dojx] EAH(PDDIP-BDTSeR) 5 mgs AH&-3te] PCBM =4 (PCABE 1:3 w/w B &R thol&
22 golol 40 mg/ml FER A F SEelMe] & (0DT) 0.5 vol%E H7bsted 2 ATk, 2 F 60 Tel
A 12 AlZHseE A7l $of] 0.2 EZHEGESFo R Ed TEE %é‘" e sk & PEDOT-PSS ?Hoﬂ 1000
o HER 60 27 2@R=ge Atk o Fel nAF (2 X 10 torn)olA LiF(L m)E m¥sn g4
AZ02 ALHHAS 100 m FAZ Zske] f71lFAAE Az,

71 wRer Az FrIHEAA] AFEE-ASE (J-V) 54L& Oriel 1000W solar simulatorol] ©J3] 100
aW/en (AM 1.50) 24 BF3e mA =

current density), FF(fill factor), % oYX ¥M3l &8 (n, overall conversion efficiency)?] &7 3}&}n|
El(photovoltaic parameter)E 3 20| A7 Z=A|3FATEH.

£
N
o
ob
2

A ZA3kar, Voc(open circuit voltage), JSC(short-circuit

[AAlel 4] AAJd225E dofxl a2} (PDDTP-BDTTR) & ©] 8- f-7] e < <] Al 2}

A7) AA 30 A A IRZRE PFojd L EZH(PDDTP-BDTSeR) thalol]l AA|d2zKE dojzl &= (PDDIP-
BDTTR) & ©]&3ted, 7] HAAd3xy Fd3 gHo =z {F7eddAAE A=s3T).

A7) AR 1a) B A 2(b)ol M B AP f7] HEA SRR 3 F59de S 5
A =% —a}oq z}% L o1ol Z=AERQivk. ek AAlel 1 WA 2 ol HAEE Al 7] NEA shekEe] A
718k8 4 548 BA4387] 918iA BuNC10,(0.1 B5%) o] &) slolA] 50 mV/se] ZeA #elZ R Hel Eg
(cyclic voltammetry)E o]g3dlo] A3 AnE = 20 LA o, 54 A 7M. AFS Agste] IHS

Fal A% Arehsih.

S & 1o A4 @) R AAe 2b)l FHR AT 71 A e Fo" R A% g2
& 1A, oA HOW0gke = 54 HHR AsHES o8kl AWY golth. w3 WS BEIH
A WEFTA e,

FZ 1
Tatd EA Az g EA
TV e [T W-pdze Band gap | (midation onset | Eean
{ 1) { 1) { yan} {optical) (av) {ew)
Lev)
HAd 3 514 556 663 1.07 1.07 5,50
[ PINTP-BOTSER)
S 4 516 545 675 1.84 1.18 5,61
{ PDDOTP-BDTTR)
£ 19] AselA ol wish o], B o] me 7] WAl sgHEe Wedel ¥ol Augel WA F
@ & gden %, BYPT 4R HgIelel WK F47k bsa) WEel we Be ARE Auel o)
EL DEHFVE BAY 5 Ak, Ee, AV ® 1o JERA ukel 2o ] f7] RmkeA] F3HES w2 HOMO%
& HE A @ & gdEd, ot J1Ee Aceptorith Ao AA4E & b wie v g
7 AeR AW £ o, - HMOw e = s, =2 /lddste] FAo] 7t Wrk ofye} AbsierA
HE FolAA Hol 488 2 oS0 Hr}

3 = solAE AN 1(a) R AAd 24 FE §7] BEA sgEe o fue =AF Aol
olw, Aol 1% 2014 FHE 7] wEA B U AW 2z 1.07 @ 1.84 eV o] o] WE
&AM, e HONOWS 7FA7] WEel e WAL (oo) B AHIALS 4 Ao dHt, wd
LINOgEe] 27t 3.66 2 3.77 eV HA AT AFow o5 & e Aol dad 4 9
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[0184]

[0185]

[0186]
[0187]

[0188]

[0189]

[0190]
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T 4 oAM= A 1(a) 2 A 2(b)ollA FAHE F7] vteA e BI2EE TGAE o]&3ste 43
AE TAIS Aoz, AA1(PDDTP-BDTSeR) Q] 5 % w37} doju= 2%+ 416.90 Colar, A A]o 2(PDDIP-
BDTTR)S] 5% #al7F dojubs %% 390.18 TE SAFJT. o]e} Fo] &2 2LoM% a7t dojux] &

170
of ¥ wgel mE f7] WAl HEe dHow kAT HFRA AL & 5 Adth,

TSI ] EAL TA 4714 EAHZE YERd 4 d=d, 9EdF(Short circuit current; Jsc), W7
¢H(Open circuit voltage; Voc), ZZ1&(Fill factor; FF), A= W3 F&(Power conversion efficiency:

PCE)elTh. ol Fhe] F@abAl= otefe] 4 12 4T 5 it

(HD

A 10] Ss@ REES FAS] FeAAE 2xel Be AT AgAge] Basith wF ¥
AAoki maEe AT A Absath ¥e GHARE PR JeAE ARAOR ke AstolFEES
Aok ahv] e AWALS WAL W A FolA] HONO FESF LN ghol Avol Atk webd sk 2o o]
nEE9 F/HGAA T} b K,

i)
a K
fuet)

F7) WA SE S o] &3 Ul dHA 5SS 4T At
A

A)
2 wASgt. = Agshs A0ke ] E 2 R w6el e,

#x 2

. Foc Jse FF PCE

o S V)  mAlcw) () )

As 0.81 15.2 37.5 4.60

PDDTP-BDTIR 120 annl 0.84 149 301 495

CN 0.5 wol®s 0.86 176 391 5.89

As 0.83 162 41.1 5.48

PDDTP-BDTSeR 120 (100} annl 0.84 180 386 5.98

ODT 0.5vole 0.87 17.8 39.4 6.12
TS, ool e §7] WEA SFEe WEde] Wol gl WA F4% 4 o), noh Be A
FE ANPORM, ¥ UFAF T A0, B H0FoR A3, ¥ AYALY Ao ssdnz,

ago] $4% fUlHFAAR AdE £ Aee AT & A
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=49
EH]
©) (b)
PDDTP-BDTSeR UV Data PDDTP-BDTTR UV Data
0.5 @ UV Solution 0.40 » UV Solution
uuv Filn.1 0.35 4 3 UV Film
o . B o
g @ Annealing 200 °C o 030 / \ @ Annealing 250 °C
- 4 Annealing 250 °C £ 7 b
“5_ 0.3 o 0.25 3
§ § 0.20
A 02 ]
< 0.15
<
014 0.10
0.05
0.0 T T Ak 0.00 T T
400 600 800 400 800 800
Wavelength (hm) Wavelength (nm)
EH2
(a) (b)
¢;2¢-;! 5w 4
Beo 4
— o J
5 2o 4 E\.
-t Pr bl
-
E Qem13 g
a aomos '=' L
Q00 '—_—'/ U
oot / |
e 4 o
< 3 < a4 ] L] :Ic - "n-». 'I'- .4 -».I y C‘I p ! Y ]
Potential (V vs Ag/Ag+) Potential (V vs Ag/Ag+)
EH3
(a) (&)
PDDTP-BDTSeR DSC Data PDDTP-BDTTR DSC Data
__ 05 . 08
o =)
“g"' 1.0 __——_—__-_‘___——f"' E AL
=1.0-
2 s -
= 2.0 b 57
= .25 -
o \‘R et %\_
T a0 T s
50 100 150 200 50 100 150 200
Temperature (°C) Temperature (°C)
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k1
n
N

{a)

PDDTP-BDTSeR TGA Data

Weight (%)

204
ol 5% weight loss T, = 416.90°C

100 200 300 «iu Sillﬂ 800 oo
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