wo 2015/147459 A1 | ]I ONF 1 000 00O O

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

SAANES :
é 10) FAF/NHE
3 SASAL = WO 2015/147459 A1
20153 10 € 1< (01.10.2015)
WIPOIPCT
(51) FASIEF: 74) 8 E3Yed T# 2 (PLUS INTERNATIONAL
C08G 61/12 (2006.01) HOIL 29/786 (2006.01) IP LAW FIRM); 302-828 t} 71 A] A7 Stetc| & 809 10
CO8L 65/00 (2006.01) HOIL 51/30 (2006.01) 2 Daejeon (KR).

Q) FASYNE. PCT/KR2015/002229 (81) AAZF (%9 HA7} gle &, 7tsd BE 2579
. o] o o] Tl dEle B3 E 95H9): AR, AG, AL, AM, AO,
(22) FAELY: 2015 3 ¥ 9 Y (09.03.2015) AT, AU, AZ, BA. BB, BG, BH. BN. BR. BW, BY, BZ,
(25) 4999 B0 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
o N DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
26) FAA: gh=of HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KZ, LA,
G0) $HAAY. LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK, MN,
10-2014-0034086 2014 '3 3 9 24 U (24.03.2014) KR 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,
7)) €92 AT EHHD INDUSTRY-ACA- SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,

DEMIC COOPERATION FOUNDATION GYEONG- TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

SANG NATIONAL UNIVERSITY) [KR/KR]; 660-701 . - . R
ANGE AF A AFYE 501, Gyeongsangnam-do  (84) ART (dxe BA} 9lE &, 7FEd BE /Y

[SANe R = SRS

(KR). A Aol 3 E #1399 ). ARIPO (BW, GH, GM,
KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, UG,
(72) DA 283 (KIM, Yun-Hi); 660-779 g = A= ZM, ZW), -2 A o} (AM, AZ, BY, KG, KZ, RU, TJ,
Al W & 2 348 W Z 8, 101-1103, Gyeongsangnam-do TM), # 9 (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(KR). BE7] (KWON, Soon-Ki); 660-779 A& 5= A ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC,
A % 2 348 HZ 8, 101-1103, Gyeongsangnam-do MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM, TR),
(KR). €32 (YUN, Hui-Jun); 660-761 44 d= 7= OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM,

Al 7}E & 26, 212-1405, Gyeongsangnam-do (KR). ML, MR, NE, SN, TD, TG).

[CHS 3B A%

(54) Title: ASYMMETRIC DIKETOPYRROLOPYRROLE POLYMER AND ORGANIC ELECTRONIC DEVICE CONTAINING
SAME

(54) 29 P . u|ch 2 clo|H ER ERTE A F ol &Fske 771 MA Xt

[ P29DPP-TT-Th solution(CHCI3)
—@— P29DPP-TT-Th Film (r.t)
—fh— P29DPP-TT-Th Film ann (200°C)

1.0

0.8

0.6

0.4

Nomalized abs (a. u.)

0.2

0.0

400 500 600 700 800 900 1000

Wavelength (nm})
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conductor device will be enabled.
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7.31-7.26(m, 2H)

EL MS m/z (%): 269.2 (100, M+)

(2%A)) Trimethyl(5-(5-(trimethylstannyl)selenophen-2-yl)thieno-
[3,2-b]thiophen-2-yl)stannane 2] A|

n-BuLi/
Trimethyltinchloride |
Sl N\ _Se > S‘}n/ S Se_Sn_
\ 3 s\ I N ~
S THF S \ !

100 mL 4H7 5+ vlY &2} 22 1.9 2-(selenophen-2-yl)thieno[3,2-b]thiophene
(1.0 g, 3.714 mmol)E ¥ 3L THF (30 ml) ol &3 A} o] & -78 °C2o] &%
S35 31 n-BuLi (2.5 M in hexane, 3.41 mL, 8.542 mmol)& A 3] 4 7IA 71 & A4

715 Sholl Al 1 Al ZE & QF MHEA| 71T}, o] & -78°Ce] &%= 2 Y311 trimethyltin
chloride (1.70 g, 8.542 mmol) & 4] 7} 5= 32 RT A 24| 7} 5 aidbA] 21T}, A7)
Hhgg S dggol 11, Ether;cz FZ3h. AV FEE S S ER
A E T MgSO4E A 271 5 317 2] S| & AFg-8ho] Al 2ol A Sl &
A A F et o) & A Ml =2 A2 = A3 =2 091 g (41%) 9

TFEEE AU

ol
mlo
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[79]

— e
o0 o0
[\

[84]

'H-NMR (300 MHz, CD2CI12): 6 7.46-7.42 (,m 2 H), 7.30 (s, 1H), 7.27-7.25(s, 1H)
0.52-0.31 (m, 18 H)
El, MS m/z (%): 594.8 (100, M+)

(34 P29DPP-TT-Se 2] A %=
Cy2Has

CioH21

\ 1
SACI\_ Sesn’
rd S \‘

Pd2(dba)3 / P(o-tol)3

CB

C1oH21 CazHas

Ci2H25 C1oH24

CroH21™ G 5H,s

7] AEAE 29Y ASY NS E FRT 5 9
3,6-bis(5-bromothiophen-2-yl1)-2,5-bis(7-decylnonadecyl)pyrrolo[3,4-c]pyrrole-1,4(2H
,5H)-dione (0.50 g 0.0004 mol)3}
trimethyl(5-(5-(trimethylstannyl)selenophen-2-yl)thieno[ 3,2-b]thiophen-2-yl)stannane
(0.187 £ 0.0004 mmol)S 6 mL S22 Al o] S| A|7]aL, DA |3
AN BT} 1 Fof] Zufl & Pdy(dba)s (0.007 mg, 2 mol%) <2} p(o-tol)s(0.095 g/ 8
mol%)& A 7FehaL, 110 °Coll A 48 At &<t &7 A Zi e 7] ’jE-g-8 < o]
2-8 25 Aol 3 (0.1 g)& ¥ Il 6A1E FF BT A 7] a1, 2-4p o] sl H ' (0.1
2)& Fo 6AE Et FFAA Fehy| W& FAA T 1 F RS s
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(300 mL) ©ll X134 3] A 7] a1
ol vgks, S Bl F
] gh-Eof] thA] AR 7] 2L E
LA (FFE 75%).

[85] 'H NMR (300 MHz, CDCL)[ppm]: & 8.93(broad, 4H), 6.92-6.48(broad, 4H),
3.82(broad, 4H), 2.13(m 2H), 1.35-1.27(m, 76H), 1.08-0.79(m, 12H).

[86]
[87] (A Al <l2) P29DPP-TT-The] A &
[88] (1+7]) 2-(thiophen-2-yl)thieno[3,2-b]thiophene 2] #| 2=
[89] 2
S J—/
[/)/Sn
e
S Pd(pphs),Cl S
\I\Br (I°I°3)22> ST s
S THF s \ !
[90] 100 mL 4H7- 5<% vFk &2} 22 9l 2-bromothieno[3,2-b]thiophene (5.5 g, 0.0251

mol), tributyl(thiophen-2-yl)stannane(14.05 g, 0.0376 mol),
tetrakis(triphenylphosphine)palladium(0) (0.29 g, 0.251 mmol)-& % 31 Toluene (250
ml) o) &8 ATk o] & 80 °C= ol A 2041 3F #h7 AL A EE 1/ Uh -, A7
HES g oS o S8 WS 2B (cellite)ol]l HE A Z T 0] 9
Hbg- 8 & ek skel A7 a, Ad Azt v 2 A Y GA el
ol & v vl L= AEA F A= 44 (78%)2 FHEER AT

[91] 'H-NMR (300 MHz, CD,Cl,): 6 7.88-7.76 (d, 1 H), 7.44-7.40 (,;m 2 H), 7.38 (s, 1H),
7.33-7.26(m, 2H)

[92] El, MS m/z (%): 222.3 (100, M+)
[93]
[94] (2 A]) Trimethyl(5-(5-(trimethylstannyl)thiophen-2-yl)thieno-
[95] [3,2-b]thiophen-2-yl)stannane 2] A|
[96] n-BuLi /
s Trimethyltinchloride S\n/ s S, _
N T NS > 2 G ANV
s ! THF s \
[97] 100 mL 4H7- 5<% vl & 2F 22 )] 2-(thiophen-2-yl)thieno[3,2- b]thiophene (1.0
g, 4.497 mmol)E ¥ 31 THF (30 ml) o] &8A|Z T} 0| & -78°Ce] &2 il

-BuLi (2.5 M in hexane, 4.12 mL, 10.344 mmol)S %1 % 3] 4] 7}/«] 1% dAa 71

sholl A 1 Al XL & QF REAI 71T}, o] & -78°Co] - 5= u

(2.06 g, 10.344 mmol) = & 7}l =31 RToﬂ A 24 ZE E
S8 dls d5&of a1, Etheri otk A7

WOIE T MgSO4E 12 A 21 - 3302 S7] &5 AL}

AAsR T o] & thA Ml ¢ E A2 F A= S0.
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TEER A0

[98] 'H-NMR (300 MHz, CD2CI12): § 7.44-7.40 (m, 2 H), 7.38 (s, 1H), 7.32-7.30(s, 1H)
0.54-0.32 (m, 18 H)

[99] El, MS m/z (%): 547.9 (100, M+)

[100]
[101] 3] P29DPP-TT-The] A=
[102] CizHas C1oH21
V/////r Sii¢d Sln'
H N
OxN A By ) %

s. I Pd2(dba)3 / P(o-tol)3
-

I/J) i
CioH21

C1zHp5~C10H21

CqoHz21" Cq2H2s
CaoH21™ "CyzHzs

[103] 7] A= 228 7259 dhes il =32 o vk
3,6-bis(5-bromothiophen-2-yl1)-2,5-bis(7-decylnonadecyl)pyrrolo[3,4-c]pyrrole-1,4(2H
,5H)-dione (0.50 g 0.0004 mol)3}
trimethyl(5-(5-(trimethylstannyl)thieno[3,2-b]thiophen-2-yl)thiophen-2-yl)stannane(0.
172 £ 0.0004 mmol)< 6 mL S Z 2 WAl gufjo]] gaf|A]7]aL A4 *]FH-S
AA8EGI T, 1 Fof] Full & Pd2(dba)3 (0.007 mg, 2 mol%)<} p(o-tol)3(0.095 g/ 8
mol%)& % 3L 110 °Cell A 48 At &<t fi-Al Z . 7] HE-3-8-<f )

2-H R W AHO] 0l (0.1 @) P L 6417 Bk F A7 3L, 2.4 0] QA - (0.1
9/ 9o 6 Al ok BFAA kY] vhg e FAA AT 3] HE g oo
M2 (300 mL) °f] 53] A7 £ ZHsin. Aol A=
SAe S weke, Ak B2, & o= ARSI W&

ww?
H 2 of
mml

aly R
m i
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[104]
[105]

[106]

[107]

[108]

[109]

[110]
[111]

HAE weh2-o] thA] A 7|5 BH & Fal Aol F AR A =54
AAE DAY (FFF 79%).

'H NMR (300 MHz, CDCI3)[ppm]: & 8.96(broad, 4H), 6.99-6.65(broad, 4H),
3.78(broad, 4H), 2.15(m 2H), 1.32-1.26(m, 76H), 1.08-0.78(m, 12H).

n o

71 AAE T WA 2014 TR AL H oA ol A B 2R E
=32 (P29DPP-TT-Se, P29DPP-TT-Th)2] GPC A& 3}7] 1 19
SAlskgl e, A 23S 8] 3 10l Z1AIEk 3T

E1
[Table 1]
Mn (kDa) Mw (kDa) FDI
FZADPP-TT-5e
49,05 69,33 1.41
(Ao 1)
FZ9DPP-TT-Th
h3.82 71.5049 1.33
(A Ald 23

g A7) A6 1A 2014 FE AT S o doll e e s

Z=3F A (P29DPP-TT-Se, P29DPP-TT-Th) o] el =5 =H 3], 1 A7 & 37 &
20 71 Al sHS o

%2
[Table 2]
il HAE (0.51 wimnl)

MAHE mEE | THF | EF49 | 249% | HERT | (Ll | S=22494 | Sz =494
PZADPP-TT-Se

jiA A 0 0 0 0 0 0 0
(Aad 1)
PZSDPP-TT-Th

hii il 0 0 0 0 0 0 0
ad 2

(A el 3 WA 4) F71 AR A2 A=

OTFT AR §-718) wh2] 0 2 A 2}6} 9] ™, 100 nm 2] n-doped silicon &
Al ER A3 o Si0, & AAA = ALE-33l ). 321 A4 2] = piranha
cleaning solution(H,SO,:2H,0,)S- AF-8-3Fo] T H A A & T 5, Alfarl 2]
OTS-18(octadecyltrichlorosilane)< ©]-23f 32 SAM(Self Assemble
Monolayer)* 2] &+ & A28} T}, 7185 2] 52 0.2 wt% chloroform solution-S-
spin-coaters AFE-310] 2000 rpm ] &2 1%-7F ZE ST §-7] #HE A
AR A7 AAl 1 WA 204 /¥ P29DPP-TT-Se & P29DPP-TT-Th=
AR A9 =9l 02 AFEH goldiE 1 A/sE 100 nme] 5| &2
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Z2skd ) g o] do)i= 15 um ©)H 2 1500 umeo| th. OTFTE] 54 9
Z 4 & Keithley 48005 A+-8-3F51 Tt
[112] A 3lo) 5 5= 3F7] E 3} 9 (saturation region) F 72 2 RE ()12 I V&
WE g I s A 17| 2RE e
e W
YL
fﬂ]:—zﬂ WV .=V 2} ‘
B wWie
VISE_\XQ—L(VG_ Vo)
P J WIC
siope 57
_ 2 2L
W er = ( slope) e .
[114] 7] 2ol A, IpE 222l AF0]AL, p BE pprs A 3F 0] 0)olH, G

ArE e g ol al, Wiz A Fo) ), L A Aolo]aL, V= Aol E
Ao, VTE ISPl U 8 A A F ()= L AH Y W =1
A A, Aia)ol A 32 Aol A H A FE T35t
[115] AF7] N/\] o 1 A 2 o)A A= A1k ﬂ]];ﬂ;d ol AEYZay=E
= 31 A (P29DPP-TT-Se, P29DPP-TT-Th) 2| ¥ &% &2 8- N E <}
AE5d oM F4sto] A5 & 1A 20 EA] BEGATE Aol 1A 2 ol A
%“élﬂ F7] WA 3}l Algfeh v oA o A RN SR 9 E
=3 A(P29DPP-TT-Se, P29DPP-TT-Th)&] A 7|3}t 4 &S H-A1317] 9 s A
Bu,NCI1O40.1 =5 5%)2] 8] Z 50 mV/s2] =710l A] Alo]& =2 EElv E g (cyclic
voltammetry) & ©]-8-3lo] A4S AAE & 39 LA o, 74 A 7FE
A= AHgste] I8 -& Za Ak *17Fs it
[116] st7] 3 30 AA o] 1WA Ao 2004 fHAAE B A dol A Ed F 2 E
%3+ A (P29DPP-TT-Se, P2ODPP-TT-Th)2] 34814 2 2 7] 8}8} % A4 &
71 A8 T, o1 714 HOMOAES & 30l A =79 ¢ A b 4h& o] &3t Al4kgt
Zrolth, mak wl= -8 HE A ol A UVE ol A 131 o),
[117] %3
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[Table 3]
ZThEAA A7 EA
=T s | WF | Tv-am Band gap | LUMO HOMO
TigEETE TW—edze . . {electroc
{ iz ) { masz) { mas) {optical) | Coptical) .
{nm) hemical )
{ ) (i) {1 =y (¥ (V)
FOODPP-TTSe | 828 | 7om
798 973 1.28 -4.0% -5 37

[118]

[119]

[120]

[121]

[122]
[123]

[124]

[125]

(gad 1 | 4e8 | 49
P2ODPP-TT-Th | gpy | 938(s)
785 776 965 1.29 | -409 | 5.8
(RlAld 2) 422 428
371 3 3004 BolE uhe} do] E ko] vt tho| A BN E 2] E
TAE M= o] stol o] & FHf-ahs f7] AL Aake] Aol 55t H#5&
1

T .

ATt

54 W A] 5ol A= A Al 1 WA 2004 G Al gk BT
tlo) A B3] & 23] & F3A (P29DPP-TT-Se, P29DPP-TT-Th)9] #3555
TGAE ©]-&3to] AT A5 = Aol

L6 WA 72 AA o 10 A FAE A v oA to| A B E20)E
51| (P29DPP-TT-Se) & ©|-8-3Fo] A A o] 30| A4 A 2FH 44} 2] transfer curve S
et o, oA Al 5o /7] A &2 A YEhl = o,

5 8 x| 9= A Ao 20| A T4 Al g B ) A thol Al RN E 23] E
1A (P29DPP-TT-Th) & ©| 83} 2 Al o] 49| 4 A2 &4} 2] transfer curve S
et o, oA Al 5o /7] A &2 A YEhl = o,

at7] 3 40 AAlel 1 WA 264 A E Alfe v oA to| A ED S22 0] F
%33 (P29DPP-TT-Se, P29DPP-TT-Th)S o] &5} ] 2 Al o] 3 W] %] 40| A | =15
Abe] A& 71AlEH T

4
[Table 4]
i ) o] =k By

=53 = = e Rl

FUA A Cemf (W sh) N on/off HE
P2ODPP-TT-Se | = 0.97 15.2 7.28 % 10°
(Ao 1) | 200 3.26 11.2 9.84 ¥ 10°
P2SDFP-TT-Th | = 0.65 16 6,98 ¥ 107
(HAd 2) | zo0°c 2,95 12,9 1.74 % 10°

&71 B 40 M Holiz nlel o] Al 3 x] 49 W 0 2 A #}Ekar 200°C
dAglato] Alxzd 7] DA axbE 2 I Y HolAEN EZIE SHAE
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3-fratel

M

& Ashol B S 7HA W, g2l A u] & 7hA
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AT

(373 1] 8}7] B18PA LS T4 532 vhol A £ 3] B 23] B F A

ol
R1 WA Ré= 747 595 H 02 4 Hi= (C1-C50) &2 7] o)A,
A7) G 247 (C1-C30) YA 3= (C1-C30) &A1 A=
vl X2k = 9l o,
X1 S B5= Seo| a1
& 1WA 11,0009 g =o]H;
n 0 WA 1,0009] A =o]th ]
91 2] Al 13}kl oA,
8t71 2ol A A8 H = ol Al Ry 229 E T A
Ca2H25-C1oH24

C12Hz5~C10H21

CioH21” CqzHas
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7] m 2 ne 47 5914072 1 WA 1,0009] G40t} ]
[ 73 3] A 18kl 1o A,
471 R1 WA R4s= 242 =51 4 0 =& o] 3L, as= 2 WA 109]
A0 AL, Ry 2 RS 4ZF 5% 0 2 (C10-C30) 2 Z 2]

thol A =3 £ 29 & A,

[ 73 4] A 18} %] A 38 o] A A e 5= o] - &) 3)of] wh
ol AEN 2202 S 2 £3+6b= 7] A 24
[ -3 5] Al 438}o)] Qo) A,

37§17 AA 22 V1R A B, A E A E, £
HEAF, R ammdd A5E 23ehE 771 A2 24
473 6] Al 5ol Aol A,
7] el B E R E T EAE 3] f7] A Sl
shul= H7] At 24

e o
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[Fig. 1]
il P29DPP-TT-Th solution(CHClz)
1.0 4 —@— P29DPP-TT-Th Film (1)
P29DPP-TT-Th Film ann (200°C)
-
=  0.8-
&
o
LD 0.6
<
=
QD
N 04
3]
5
0.2 1
Z
0.0
400 500 600 700 800 900 1000
Wavelength (nm}
[Fig. 2]
HEH P29DPP-TT-Se solution{CHCIs)
1.0 - P29DPP-TT-Se Film (r.)
P29DPP-TT-Se Film ann (200°C)
S5 o8-
@
e
8 o6
©
©
)
N 04
©
5
0.2
Z
0.0

] ! ] ! ] ! ] ! ] ! 1 ! ] !
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[Fig. 3]

—m— P2SDPP-TTSe
—®— P29DPP-TTTh

Currest (A)

0.0 0.5 1.0 1.5 2.0
Potential (V vs Ag/Ag+)

[Fig. 4]

100 | _
——P29DPP-TT-S¢

80

2]
o
|

Weight (%)

|

20

T T T T T

7 T T T A
100 200 300 400 500 600 700 g00

Temperature (°C)



WO 2015/147459

[Fig. 5]
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[Fig. 6]

N
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[Fig. 7]
0.0 -
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'
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[Fig. 8]
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[Fig. 9]
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