WO 2015/182973 A1 A 0 0O O

2§ P Y2 93td FAE FAESY
9) AR 2 A4 7] 7 é T O 0 00 OO 00 0 Y01

ZAATS ;
é 10) FAF/NHE
3 FAZAL = WO 2015/182973 Al
20154 12 ¥ 3 < (03.12.2015)
WIPOIPCT

51) TASHEF: 8 AAF (2= A7 & 8, /e BE T/

CO7F 9/6568 (2006.01)  HO1L 51/42 (2006.01) = Ao EEE 9359 ). AE, AG, AL, AM, AO,

. AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

@y FASINE: PCT/KR2015/005273 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(22) FAELY: 20153 59 27 Y (27.05.2015) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
o i HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KZ, LA,

(25 999 =0 LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK, MN,
26) 27 Faro] MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE,
PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE,

(30) S-HAAR. SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
10-2014-0063482 2014 '3 5 ¥ 27 ¢ (27.05.2014) KR TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) ¥4 AZUFAATH Y INDUSTRY-ACA- (84) A2 (HE 9 TA/} 9l 3, 71538 RE £Fo
DEMIC COOPERATION FOUNDATION GYEONG- JU Ag e HEE 93t9]): ARIPO (BW, GH, GM,
SANG NATIONAL UNIVERSITY) [KR/KR]; 660-701 KE, LR, LS, MW, MZ, NA, RW, SD, SL. ST, 8Z, TZ, UG,
BAHEE AFA FAFYRE 501, Gyeongsangnam-do ZM, ZW), -2 A o} (AM, AZ, BY, KG, KZ, RU, TJ,
(KR). T™), -+ % (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV, MC,
MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM, TR),
OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, KM,
ML, MR, NE, SN, TD, TG).

(72) ©FA: A7) (KWON, Soon-Ki); 660-779 7373 d =
AFA WE=E 34817 8 101-1103, Gyeongsang-
nam-do (KR). &3] (KIM, Yun-Hi); 660-779 7 g &
AFA WEE 34817 8 101-1103, Gyeongsang-
nam-do (KR). ©17]1¥ (LEE, Gi Baek); 660-300 7432 J70:
= A A R 500 W 38,304 S, Gyeongsang- szl Ay o ) (2 0F 4] 21 E(3))
nam-do (KR).

(74) 8 QA: 533 QA THA (PLUS INTERNATIONAL
IP LAW FIRM); 302-828 T 74 A] A1+ St & 809 10
%<, Dagjeon (KR).

(54) Title: ORGANIC SEMICONDUCTOR COMPOUND CONTAINING PHOSPHINE OXIDE GROUP, AND ORGANIC SOL-
AR CELL USING SAME

GHEPe B AW 2A0|=7| 8 Z85HE R7| BHE A EHSHE 2 0|2 0|28 RI|Ef UF K|

g

—2—TR_as —a—Se_as
—¥— TR_120 —<Se_120 /g
—»— TR_CN ——Se_ODT ff

(=] o [=-]
T

1
B

-8

1 L 1 L L | L 1 L 1 2 1 z ]
04 02 00 02 04 06 08 1.0
Voltage (V)

(57) Abstract: The present invention relates to an organic semiconductor compound, and an organic solar cell using the same. The
organic semiconductor compound of the present invention is a compound having a phosphine oxide group, which is an intramolecu-
lar electron attractor, and an organic solar cell, adopting the same as an active layer material, has excellent oxidation stability and
high open-circuit voltage value and current density.
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AT R ER S MTEY E A BRETURNTBT DR o BT T
BT WP PYTEDT MTHET 2FTTOXPBBTERTMNTT g X BB
o = T T WM EMo M I TRGPRNTTRIET o N

[121]
[122]
[123]
[124]
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=
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=
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=
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=
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=

[125]
[126]
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[127]

[128]

[129]

[130]

[131]

[132]

[a%tA]] 2,6-dibromo-3,5-didodecyl-4-phenylphospholo[3,2-b:4,5-b'[dithiophene
4-oxide ] Az

CiaHas Br @
Ny s ] 1. n-BuLi / Dichlorophenylphosphine .0

. . i P
Si si= 2. Hydrogen Peroxide Ci2Has C12Hzs
YA > W,
Ether M
Br C12H25 Si i
;¢O

n—Bromosuccinimide> C1oHos P CaHos
CHCl5 / AcOH m
Br ) S Br

2 A2 A2 500 mL AT T Bk E ek
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)<- diethyl ether 280mL ©ll <21 ¥ n-butyllithium in hexane
(2.5M) (9.7 mL, 0.024 mol)-2 -78 °Coll A 3] 4 7}A] 3t} 21 T diethyl ether
20mL ©f| = <! dichlorophenylphosphine (2.2 g, 0.012 mol)< -78 °C ol| 4] 543 3]
A 7N A, A A7 8F A2l 4] 2 A]ZF ulEE 3 hydrogen peroxide (20 mL) <}
dichloromethane (100 mL) 23158 2 7FA| ZI T}, A0l 4] 4 A ZF nlRE A 71 &
o2 2 gro g 2310 f7]F5S BEE A olE o MgS0,E Ax=AZ
T, 334 SV S o] &5t Bl E A AT o] A, A A g
U e
2 (3,5-didodecyl-4-phenyl-2,6-bis(trimethylsilyl)phospholo[3,2-b:4,5-b'|dithiophen
e 4-oxide) 2 T o]e] AAl A4 §lo] nlz v wHhg-& 1353l

371
3,5-didodecyl-4-phenyl-2,6-bis(trimethylsilyl)phospholo[3,2-b:4,5-b']dithiophene
4-oxide (4.6 g, 0 006 mol) & HF2Z X F L oM EAL &3 &1 (200 mL, 1:1
[v/v])oﬂ Q1 ¥ /29l A n-bromosuccinimide (2.2 g, 0.012 mol) & gHH of] F¢] &t
F AL R0 2l 6 A GEL A A, ol & ol Ednie s
0 f71FS B A E b MeSOE N EAAE, 874 FU1 S
5 % H*‘ Zﬂ 7 A 7 t}. ©] & n-Hexane/ethyl acetate (10/1)2] <3} 8w &

sto] A4 AmvtE 12 LY F ol §Eg o] &ato] Al ZAAA

A A3 E 1.2 g (25%)S 55T

'H NMR (300 MHz, CDCL,)[ppm] 6 = 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, 6H).

BC NMR (500 MHz, CDCI)[ppm] & = 144.26, 144.08, 143.20, 143.09, 137.98,

Ll

ol

t

O

=
°]-&
A&

l‘—w—-lN"l
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[133
[134
[135
[136

—t e e

[137]

[144]

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 (ED) m/z = 782 (M+)

[b%F 7] 2-decylselenophene ] A %=

Se . Se

) ooy o, £

ZF 12 A1 71 150 mL 4H7- T+ vl & 2F 2~ 9] selenophene (10.0 g, 0.076 mol)
< tetrahydrofuran 150 mL ¢ =5 ©] 31, n-butyllithium in hexane (2.5 M) (33.6 mL,
0.084 mol) & 0 °Col| 4] 3] A 7}A| Z T} 72 ¥ 1-bromodecane (18.6 g, 0.084
mol) © ;‘q ;‘q o] Z] 7]. g_ 50 °C°ﬂ/\1 12 /\] 7]_ —;H]. }oﬂq_ /\]-g og L or= =
Wl & 2L diethyl ether & AF&-3to] 53 & 7] 5& 252 Ao E tha MgSO.&
AZXA 3, 31 -2 715 o] g3t gul & A 7 st
n-Hexane/dichloromethane (20/1)2] 3} & v & Al83}o] A A2 vfE 32
e 3 33E 11.0 g (53%) S =539

'H NMR (300 MHz, CD,Cl,)[ppm] 6 = 7.83 (d, 1H), 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).

3C NMR (500 MHz, CDCI)[ppm] 6 = 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+)

[c AT 4,8-bis(5-decylselenophen-2-yl)benzo[ 1,2-b:4,5-b'[dithiophene 2] A| 2=

C1oH21
1. n-BuLi A L Se
2. Benzo[1,2—b:4,5—b']dithiophene'4,8—dione
S~ 3.8nCl, 2H,0 S
C10H21_U 2 2 » \
Tetrahydrofuran \ S
sée N
CioH21

ZF 12 A1 71 500 mL 4H7- &% B e E 22 7190 2-decylselenophene (5.9 g, 0.022
mol) & tetrahydrofuran 100 mL ©] = <! %, n-butyllithium in hexane (2.5 M) (9.1
mL, 0.023 mol) 0 °Coll A 151 38] A 7kA 2l vk L 3 ¥hg &2 50 °Coll A 2 A3t

& QF WHEAF T} 71 % benzo[1,2-b:4,5-b']dithiophene-4,8-dione (2.0 g, 0.009 mol)
S HESEof $hHo] Q] T 50°Cel A 2 Al F FoF HEA F T} HES

L2 A9 02 Y2l SnClL-2H,0 (6.1 g, 0.027 mol) < 10 mL HCI (10%) o]
o] Hhg-Eoll 13 8] A 7FA 7] 3L, 2 Al ZHEQE mREA A TE 7] RESE&
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[145]
[146]
[147]

[148]
[149]

[150]

[151]

[152]

[153]
[154]

diethyl ether S ALg8le] FETT 752 22 o8 U9 MgSO,=E
A2A F, 3324 SL71E o] &38te] vl & Al 7] 8 31t n-Hexane/ethyl
acetete (10/1)9] 3} &w & AM&ato] A A2nfE T2 a3 veES
o|-&sto] A AA e F 3= 3.2 g (48%)& TS

'H NMR (300 MHz, CDCly)[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).

3C NMR (300 MHz, CDCI3)[ppm] 6 = 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.

EIL Ms m/z (%): 730 (100, M+);HRMS(ESI) Calcd for: Cs3H5,S,Se, (M+):730.1684

[dHAl
(4,8-bis(5-decylselenophen-2-yl)benzo[ 1,2-b:4,5-b'|dithiophene-2,6-diyl)bis(trimethyls
tannane) 2| A%

C1oH21
A o8
S N\ n-BuLi / Trimethyltin chloride \
S P —Sn
S Tetrahydrofuran /
sée™

C10H21

ZH A2 A1 71 100 mL 47 T vhE Z ek~
4,8-bis(5-decylselenophen-2-yl)benzo[ 1,2-b:4,5-b']dithiophene (2.0 g, 0.003 mol) =
%31 THF 30 ml) o] %3tk %5 0°CE 31 n-BuLi (2.5 M in hexane, 2.6
mL, 0.006 mol)-& % %3] 4 7FA| 7|51, 50 °CE ThA] §ES 258 &2 A4 7]/
Blol A 2 Al7F FoF aint T RTE 252 Y ok 28] 3L trimethyltin chloride
(1.2g, 0.006 mol) & ‘jﬁl A 71k & RTOA] 6 Al HEQF alHEA ) o] &
OE* &&ol BLaL, Ether® #5313 F7]58 &2 Mo & th3 MeSO, 2 A xA| 7]

% 3712 278 ALgke] A Lol A Sl g 4171 A Z Tk ©] F methanol&

ol-g3to] A AA shol Ael 2 AelA 1A SHEHE 2.4 ¢ (83%) & S5k

'H NMR (300 MHz, CDClL,)[ppm] 6 = 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).

[etA]] PDDTP-BDTSeR 2] A &
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[155]

[156]

[157]
[158]

[159]
[160]

¢

P/

C:12H25 C12H25 +
YA
Br Br

S S

Pd,(dba)s / P(o—toIL
Chlorobenzene

71 AtARE 2- Y Stille) A £ WS Al 29 5 A
2,6-dibromo-3,5-didodecyl-4-phenylphospholo[3,2-b:4,5-b']dithiophene 4-oxide
(0.296 g 0.379 mmol) Z}

(4,8-bis(5-decylselenophen-2-yl)benzol[ 1,2-b:4,5-b']dithiophene-2,6-diyl)bis(trimethyls
tannane) (0.400 g 0.379 mmol) S chlorobenzene (7.5 mL) ol #0]al A4 %] $H&
22Xl T 1 % Ful & Pdy(dba); (0.008 g, 2 mol%) ¢} P(o-tol); (0.011 g, 8
mol%) & 3L 110 °C ol A 48 A| 7t &<+ 7 A] # T}, o] ¢l 2-Bromothiophene (0.2
mL) 2 Y31, 6 A|ZF HEA] T}, o] o] 2-tributyltin thiophene (0.2 mL) ¥ 3L 6 A {F
ALHEA 717 end-capping-g 3151 th 19 t}g- HE-S 8-S v §HE- 300 mlo
A AAA7I A A S A dinh, Dl anA) = £ Bl (sohxlet) &
ol MehE, of A E, A H EFQ o g FAAZ T W2 &
SEAA el Al A7 HEHE Sl LA LdAt 3= 033 g
(64%)< =53 ATt

Mn = 72500 Mw = 128100 TH-4H5 1.76

IH NMR (300 MHz, CDCl;)[ppm] 6 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 Al 4 2] PDDTP-BDTR ] A &

[a%tA]] 2,6-dibromo-3,5-didodecyl-4-phenylphospholo[3,2-b:4,5-b'[dithiophene

4-oxide &) Az
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[161] B ]
CiaHas Br Q
1. n-BuLi / Dichlorophenylphosphine .0
\sli /Y S SI-’ 2. Hydrogen Peroxide CyoHss P CqoHos
st N »
Ether \ ¢ \
Br Ci2Hzs ?l S S Sll\
;,,O
n-Bromosuccinimide> CyoHos P C1oHas
CHCI; / AcOH I\ /7
Br Br

[162]

[163]

[164]

[165]

S S

22171 500 mL A Bt vbe E ek
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)<- diethyl ether 280mL ©ll <21 ¥ n-butyllithium in hexane
(2.5 M) (9.7 mL, 0.024 mol)= -78 °Col| A 3 33| 4 7}A] F ). 1 3 diethyl ether
20mL Il <1 dichlorophenylphosphine (2.2 g, 0.012 mol)-&- -78 °C o] A 13 3]
TR AT}, 32, A7)+ kel A 2 Al {F 2LEE ¥ hydrogen peroxide (20 mL) <}
dichloromethane (100 mL)2] 322 FH7MA| FH T} o] & A=l 4| 4 A]ZF
SN T ol S REM O R 255 752 BE 4o E0HE MeSO,E
AZA7 F, 804 3718 ol gote] §ME AANAT A& LAY
BLEE
&4 (3,5-didodecyl-4-phenyl-2,6-bis(trimethylsilyl)phospholo[3,2-b:4,5-b'|dithiophen
e 4-oxidey U o]/ge] GA| 4 glo] vi= & g X1 skt

371
3,5-didodecyl-4-phenyl-2,6-bis(trimethylsilyl)phospholo[3,2-b:4,5-b']dithiophene
4- 0x1de (4.6 2,0.006 mol) & EZZXF oM ELF 23 8] (200 mL, 1:1 [v/v])©ll
=1 & A9 A n-bromosuccinimide (2.2 g, 0.012 mol) ShiH o] el & dl.S
2210 6 A bE ot A AT ]S Hol 2R 2o R
Fal f71%S B8 Ao]F oS MeSO.E AZA 7 3, 342 7] &
Fo] vl & A A Al # T} n-Hexane/ethyl acetate (10/1)2] 23} &1 &
tol 29 A2vpeE a2 L F ol g&2 o] &3kl AAGAA
A A B E 1.2 g (25%)S 55 T

'H NMR (300 MHz, CDCl;)[ppm] 6 = 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, 6H).

BC NMR (500 MHz, CDCL)[ppm] 6 = 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.
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[166]  MS (EI) m/z = 782 (M+)
[167]
[168] [b% 7] 2-decylthiophene ] A &
[169]

@ n-BulLi / 1—Bromodecar£ C10H21—<J
Tetrahydrofuran

[170] 2 712 A1 71 250 mL 37 & 222190 thiophene (10 g, 0.11 mol)< ¥ 31, THF
(150 mL)°l| =} E} ©] % 2.5 M n-butyllithium (56 mL, 0.14 mol) & 0 °C ©f 4|
73] 47} A 71 3 1-bromodecane (31 g, 0.14 mol)S 3] 2 7}A| At}
RhgE 9] & 55 50 °CE &L, 124]3F F ot #h3 A Zl ok &2 o] §-8he] whE-o
E33)aL etherg ©] 835} F%& Al Zlth MgSO,2 2 A AS = v &
DA AAA 7L, o] 2 o] A& slo] A 2H3HE 18 g (68%) &
TEA .

[171] 'H NMR (300 MHz, CD,Cl,) [ppm] 6 = 7.80 (d, 1H), 7.13 (d, 1H), 7.01 (d, 1H), 3.01

(d, 2H), 1.82 (m, 2H), 1.55-1.16 (br, 14H), 0.92-0.82 (t, 3H).

[172]
[173] [cH7]] 4,8-bis(5-decylthiophen-2-yl)benzo[ 1,2-b:4,5-b'[dithiophene 2] A|
[174] C1oH21

1. n-BuLi

2. Benzo[1,2—b:4,5—b']dithiophene'4,8—dione

S~ 3.8nCl, 2H,0
C10H21_@ >
Tetrahydrofuran

C10H21

[175] ZF A2 Al 71250 mL 37 &2~ =0l 2-decylthiophene 7 g (0.033 mol)S- € 31,
THF (60 mL)°ll = %I T}, ©] % 2.5 M n-butyllithium (13 mL, 0.033 mol) < 0 °C ©{ 4|
3] A7EA AT W R Y] 55 50°CR &8 31, 24| ZF T HES AL &
4,8-dehydrobenzo[l,2-b:4,5-b’ |dithiophene-4,8-dione 3 g (0.014 mol)& % 7}t &
A7 B HFS A AT o] 2 AL 07 SR U2 T SnCL2H,0 (6 g, 0.034
mol)E 10 mL HCI (10%) °l] = REgEoll 33| A 7k 7141, 2 A[E &<t

WHEAIF ), A7) §H-§-&E 2 diethyl ether & AFE-3Fo] &3 & 7158 &2

A E b MgSO, & XA &, 3] 742 7] & o] ot &l &
A 13+ tF. n-Hexane/methylene chloride (4/1)2] 23} 8-u| & Al-8-5}o] A
ARvEIRY R 2§ v eheE o] 88l AAG3 F4.0g(61%) &
T35t

[176] 'H NMR (300 MHz, CDCL,), [ppm] 6 =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).



23

WO 2015/182973 PCT/KR2015/005273

[177] BC NMR (300 MHz, CDCL,), [ppm] 6 = 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.

[178]

[179]  [d9A]
(4,8-bis(5-decylthiophen-2-yl)benzo[1,2-b:4,5-b]dithiophene-2,6-diyl)bis(trimethylsta
nnane)®] A| &

[180] CioHa1
LS
S N\ n-BuLi / Trimethyltin chloride
-
S Tetrahydrofuran
7N
CioH24

[181] % 212 A1 100mL 3 &2~ 510]
4,8-bis(5-decylthiophen-2-yl)benzo[ 1,2-b:4,5-b']dithiophene 1 g (0.002 mol)< % 31
THF (15 mL)°ll = $I T}, ©] % 2.5M n-butyllithium (1.5 mL, 0.004 mol)=- 0 °Col| 4]
A3 A7 AR S bR 255 50°CE &8 T 7 2 AlZ & vb-g- A 7] a1,
A0 2 255 E] 31 chlorotrimethylstannane-- 0.8 g (0.004 mol)= 4 7}st 2 6
Al ZF & QF Hh-g Al F T}, 7] HE-E-E & diethyl ether & AFE-3Fo] =53 &
§71%9 B2 HolE O MgS0.2 A2 A 5, 3174 217] 2 o &3ho]
B & A A T 0] F ethanol T} ether(1:2) 2 A2 4 S 51o] 0.8 g (72%) <=
=330,

[182] 'H NMR (300 MHz, CDCl,), [ppm] 6 = 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)

=
[}

[183]
[184] [ec-Al] PDDTP-BDTTR 2] A| %
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[185]

[186]

[187]
[188]

[189]
[190]

[191]

C1oH21

¢

P/

C1gHas Ci2Has +
B8
Br Br

S S

Pd,(dba)s / P(o—toIL
Chlorobenzene

C1oH21

7] AEA= 2" (Stille) 71 &% ¥HE-S S T = A
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)benzo[1,2-b:4,5-b]dithiophene-2,6-diyl)bis(trimethylsta
nnane) (0.400 g 0.416 mmol) S chlorobenzene (7.5 mL) ol #0]al A4 %] $h&
N AT 1 3 Zu) & Pdy(dba), (0.008 g, 2 mol%) 2} P(o-tol); (0.011 g, 8 mol%) =
31 110 °C ol 4] 48 Al ZF & <QF 3+ A] 7t} 2-Bromothiophene (0.2 mL) 2 %31 6

Al ZF WLHEA] T} 2-tributyltin thiophene (0.2 mL)& Y3l 6 A7+ nIHEA] 7]
end-cappingS Al F ). 19 oh5 §H-E8--& W BFE- 300 mLel| % 3
A7 A" A E 7241, AWl 2= 4 Bl (sohxlet) S F 8
B, oA, AL, FF, o B AAAT| AL, el NS FHAA
HlehEoll A I AAA DE & S8 A A} $H9E 0.31 g (59%) =
FE gt

Mn = 19100, Mw = 31200 Th-AFE 1.63

'H NMR (300 MHz, CDCl;)[ppm] 6 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)

[ A] ] 3] AN o] 12 HE 2o]z 18- 2HPDDTP-BDTSeR)S ©|-&3F F-7] e &
)

FHASAITO7 R E Fef7| g iA] oA &, ol a2 4a8¢ 77}
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[192]

[193]

[194]

[195]
[196]

[197]
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AFg 3] L3 A H & 3 3 UV-Ozone A 8] & 30 #7F A A8kt 1 9o
PEDOT-PSS(Baytron P TP AI 4083, Bayer AG)E =¥ I H 3}9] 40nm 77 =
& AR 22 F 120°Ce A 10 B1E oI

24

O.u

% AL-83te] PCBM
|-l ol 40 mg/ml

A a1 %

SR

rpm E 52 60 i~

LiF(1 nm)& 7 ¥ 3} a1

TEE
F- 60 °Coll A 12 A ZHEQF JLREAI 7T 2-0f] 0.2

2 o] g0l AA SR,

o Eodgo) upE A Ao 1 2 7EE o] 18- 2HPDDTP-BDTSeR) 5

FE=A (PC,,BM)E 1:3 w/w H| & & tlo] Z 2= 2 yilAl

218 3 Selr}o] o] 2(0ODT) 0.5 vol%Z 7 71ahe] 2+

Zo 2o Ed e 2 248 I 3 3 PEDOT-PSS =9 ¢l 1000

i
-

UU
I K
N o

F7HFAA & A x5 T
A7) a0 = A2 E

1000W solar simulator®l] 2] &l 100 mW/cm2(AM 1.5G) =24 B F3-& FALg

Zvg 3}l Al A 3)aL, Voc(open circuit voltage), ISC(short-circuit current density),

FFE(fill factor), %
v} 2}1] B (photovoltaic parameter) S

I
[ ATl 4]

o]
Az
o)

fl Al A

AE S AAs T 2ol A
=0 7 &1 FH(ADS 100 nm T 2 528} o]

3L Z1F (2 X 10 torr)©l] A

A% J-V) 542 Oriel

1 o 14 %] M3 & & (n, overall conversion efficiency)®] &7

3% 20 Gl A Skl

Ao 22 e Ao 31E-A} (PDDTP-BDTTR)S ©] &3t
71 B A A A =}
A7) AN 300 A DA e 12 HE] Do) 21 ¥ AHPDDTP-BDTSeR) t 4]

871 A 1) B A
Frgde g e
A LA 2 oA g

Al ol 5

Al el 2byoll A T4 A a5

B do]zl A (PDDTP-BDTTR)S ©] &3}, 471 A A of| 33
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[198] [Table 1]
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[Table 2]

Polymer Condition Voo (V) Jo(mA /cn’)  |FF(%) PCE(%)
PDDTP-BD |As 0.81 15.2 375 4.60
TIR 120 annl 0.84 14.9 39.1 4.95
CN0.5vol% |0.86 17.6 39.1 5.89
PDDTP-BD |As 0.83 16.2 41.1 5.48
TSeR 120(100) annl  |0.84 18.0 38.6 5.98
ODT 0.5 vol% |0.87 17.8 39.4 6.12
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]
(a)
3-0-5— PDDTP-BDTSeR DSC Data
E -1.0--’#’]_’/
E -1.5—-
= .
o 2.0
C 1
281
I )
= 334
56 100 150 200
Temperature (°C)
(b)
= 081 pPDDTP-BDTTRDSC Data
“é\ =0.9 -
- -1.0: 1
% _
e =1.2
gj' =14
= _
g -1.6
T _\\
T s \\N

£0 . 1 I':IU . 1%0' ‘ 260
Temperature (°C)

PCT/KR2015/005273



4/5

WO 2015/182973

PCT/KR2015/005273

[Fig. 4]
(a) PDDTP-BDTSeR TGA Data
100
80
pr—
‘65 ]
- 60-
=
=2
é 40‘
20
15% Weigh'l: loss Ty = 416.90°C
0 v T T T T T T T T T T
100 200 300 400 500 200 700
Temperature (°C)
() PDDTP-BDTTR TGA Data
100
B0 -
)
=
— 60
=
o
‘T 401
20 4
5% weight loss T, = 390.18°C
0 T T T ] ¥ T ¥ ] T T ¥
100 200 300 400 500 600 700
Temperature (°C)
[Fig. 5]
(a) (b)
3.66 eV LIF/Al 3.77eV LIF/Al
.1 eV
43 eV A na ey |42V
ITo PEDOT 1o PEDOT
A8V 5o ev 48eVlcoev | ¥
5.50 eV
5.61 eV
(Homo)
6.0 eV (Homo)| 5 6 ev




5/5

WO 2015/182973 PCT/KR2015/005273

[Fig. 6]
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