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(57) Abstract: The present invention relates to a novel polymer ma-
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group being represented by the chemical formula 1 or chemical for-
mula 2, and the electron acceptor group being represented by one
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sHA| A

EEE

% (aggregation) <+ 5= o] ufe}

°
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[101]

[102]
[103]

[104]
[105]
[106]

[107]

[108]
[109]

[110]
[111]

[112]
[113]

11

o}, Ao B FaL so] ¥ gL nt FAsH At 5]
A Aol B g T4 0= Arhel s slo)w, sv)e] A A ool ofsto] 1
H o] W 917k A B A = ekseh,

<FAdd 1> AFA A

kA ®.51% 3 [Samuel C. Price, Andrew C. Stuart, Liquing Yang, Huaxing
Zhou, and Wei You, J. Am. Soc. 2011, 133, 4625-4631; Huaxing Zhou, Ligiang Yang,
Andrew C. stuart, Samuel C. Price, Shubin Liu, and Wei You, Angew. Chem. Int. Ed.
2011, 50, 2995-2998]& whet, a2} gHd ol E 2. g A4 <
5-ZF 2 2-4,7-Y (5] .#-2-)-2,1,3-#l 2 E] o} ] o} =
(5-fluoro-4,7-di(thiophen-2-yl)-2,1,3-benzothiadiazole) T},

5,6-H & F 2 2-4,7-t](E] &.9-2-2)-2,1,3-#l &= E] o} ] o} =
(5,6-difluoro-4,7-di(thiophen-2-y1)-2,1,3-benzothiadiazole)2 &4 3} 3t}

<FAdd 2> 1A FA

4.7-di(thiophen-2-yl)-2.1.3-benzothiadiazole (1)

4,7-t] B 2 2.2, 1,3-Wl 22 ¥] o} Y] o} £ (4,7-dibromo-2,1,3-benzothiadiazole; 2g;
6.8mmol), 2-(E 2]+ & ~ e J)E] @ #(2-(tributylstannyl)thiophene; 5.3g; 2.1 %),
2mol% 2] E & (v] A 2] t] qll o} A =) t] Fe}-H (tris(dibenzylidene
acetone)dipalladium; (0))3} 8mol% 2] E 2] (o-5 Y)E 2T & 30ml vho| AZ o] B
&7l ¥ar A4E sxledin T 2224 10mLE H7He 5
nho] A& ¢ o] B 1k-g-7] & 80Cel Al 103, 140Cl A 1A 7E -9F ksl
ghgol e Ao &l E AV st A9 A RvtE 1T (FAH/CHC
=1/1)% “g A 8} 3.

T5:98%. 'H NMR (300 MHz, CDCL;): 8.03 (dd, J = 3.60 Hz, ] = 0.83 Hz, 2H),
7.78 (s, 2H), 7.41 (dd, J =5.07 Hz, J = 0.87 Hz, 2H), 7.14 (dd, J = 3.63 Hz, J = 5.06
Hz, 2H). BC NMR (75MHz, CDCL;): 152.76, 139.53, 128.43, 127.86, 127.31, 126.12,
126.07

5-Fluoro-4.7-di(thiophen-2-yl)-2.1.3-benzothiadiazole (2

48 95%. 'H NMR (300 MHz, CDCL,): 8.22 (dd, J = 3.9 Hz, ] = 0.9 Hz, 1H), 8.08
(dd,J=39Hz,J=09Hz, IH),7.78 (d,J =12.9, 1H), 7.51 (dd, J=5.1 Hz,J = 1.2
Hz, 1H), 7.46 (dd, J = 5.1 Hz, J = 1.2 Hz, 1H), 7.19 (m, 2H).

5.6-Difluoro-4.7-di(thiophen-2-yl)-2.1.3-benzothiadiazole (3)

T8:95%. 'TH NMR (300 MHz, CDCL,): 8.33 (dd, J = 3.60 Hz, ] = 0.83 Hz, 2H),
7.78 (s, 2H), 7.41 (dd, J =5.07 Hz, J = 0.87 Hz, 2H), 7.14 (dd, J = 3.63 Hz, J = 5.06
Hz, 2H).

4.7-Bis(5-trimethylstannylthiophen-2-yl)-2,1,3-benzothiadiazole (M1

Ar=E FAH ek~ 3135 1S 54 THFQ0m) 2 51 &

o
rlo
bt
N



WO 2014/119962 PCT/KR2014/000909

[114]

[115]

[116]

[117]

[118]

[119]
[120]

[121]

[122]
[123]

12

-78C7}F ¥ =& w351, H5= THF(2mL)ol) vl o iziﬂ
e 2} n-BuLi(3.12ml, 5.1mmol, 3 B %) (1.6 M &4
LDAE 3] A7beplvt. 3 A3k aldk 3 EF/]Uﬂ%iH d ﬁia}o] E(3 8m1,
3.8mmol, 2. 3 %) (IM THF & 9HE #7tstar g A
747}0}04 FeS EEAV|AL OHER f7] &
FEAM I g o8 S Al A skt Sl E
XHﬁZ@}E T3l AAlste] vl Eg] A=A A
“5:90%. 'H NMR (300MHz, CDCLy): 8.17 (d, ] = 3.6 Hz, 2H) 7.85 (s, 2H), 7.27
(d, = 3.6 Hz, 2H), 0.43 (s, 18H). 3C NMR (75MHz, CDCl,): 152.7, 145.1, 140.2,
136.1, 128.4, 125.9, 125.8, 8.15
4.7-Bis(5-trimethylstannylthiophen-2-vl)-5-fluoro-2.1.3-benzothiadiazole (M2
%1 85%. '"H NMR (300MHz, CDCl,): 8.30 (d, T =3 Hz, 1H,), 8.19 (d, T = 3.3,
1H), 7.79 (d, T = 12.9 Hz, 1H), 7.32 (d, J = 2.7 Hz, 1H), 7.29 (d, ] = 3.3 Hz, 1H), 0.43
(s, 18H)

ot

(M3)

=1 96%. '"H NMR (300MHz, CDCl,): 8.33 (d, T = 3 Hz, 2H), 7.35 (d, J = 3 Hz,
2H), 0.43 (s, 18H).

1.4-Dibromo-2.5-bis(2-hexyldecyl)benzene (M4)

2,5-T] B 2 7 _wilAl-| 4-1‘4%(2& 7.5 mmol), 1-H 22 2-AN A7k (5.7g, 2.5 T),
NaOH 50% (20ml), =<1 (20 mL), H Ee}iE 4R 5 B 2alo] =7} 4]0 9l =
Edh 25 80CoN A 48/«17P£°P aRkeGITh vhgo] R H =4S 1
=oll ¥l 4o 2 34 22330 F715 0 HE S
vl v E o2 AAS A wHA Y A ARvfETH ) EhE
AA st A o] A E AT

581 80%. 'H NMR (300 MHz, CDCLy): 7.08 (s, 2H), 3.94 (d, J = 5.7 Hz, 4H), 1.80
(m, 2H), 1.54-1.27 (br, 44H), 0.90 (m, 18H); *C NMR (75MHz, CDCL;): 150.0, 118.0,
110.9, 72.8,37.8, 31.9, 31.8, 31.2, 30.0, 29.6, 29.5, 29.3, 26.8, 26.7 ,22.7, 14.1.

T 82 =34 (PPDTBT, PPDTFBT, PPDT2FBT) 4]

A~ B o) A Zd7] M1(0.230 g, 0.32 mmol), M4(0.263g, 0.32mmol), 2mol% 2]

E g 2yl A 2wl o} M| &) v] & 255 (0) (tris(dibenzylideneacetone)dipalla dium) 3}
8mol%2] E€](o-EU)E & 5ml nfo] A2 9ol B &7]e] Wi S22l (1
mL)E AT rlo] A 2 ¢l o] B HE-E-7] 2 80C A 10+, 100CN A 10+,
140Col A 40%- FoF wukal ). vh-e 9 g & 2(EgRd g e 29 (0.1
e S FALEkaL 1400coﬂxi 20+ 7F nHFE I TE 2- B 2 W E] Q #H (0.2 D H)S
FAFSFAL 140°Col| A 204 7F sl dbS}aL, jE-g-o] B5 ¢bs ¥ v ¥H-E-(350mL) 7}
HCI(10mL) -Z 3} -8 ]| “g/«lﬁv} MEE WA= oA &, A4 222X 5

# A
BOR £5Y FEG Tl AASG T FREZ G Holgliz aw Ao
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S E A7 Bk 27k vl gEEoll AE A7 AL o 3§ 5, gl A e
B sk

[124]  A7IWHes e aeA 9 1 gksha 2 e 4o, 1 vz
5 1) ERH AT

[125] PPDTBT: Poly[2,5-bis(2-hexyldecyl)phenylene-alt-[4,7-di(thiophen-2
-yDbenzo[c][1,2,5]thiadiazole]]

OJQI{///JNN

\D/

!

[127] PPDTFBT: Poly[2,5-bis(2-hexyldecyl)phenylene-alt-[5-fluoro-4,7
-di(thiophen-2-yl)benzo[c][1,2,5]thiadiazole]]

[126]

[128]

[129] PPDT2FBT: Poly[2,5-bis(2-hexyldecyl)phenylene-alt-[5,6-difluoro
-4,77-di(thiophen-2-yl)benzo[c][1,2,5]thiadiazole]]
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[130]

[131]

[132]
[133]
[134]

[135]

[136]

o] =& A Ak

el A @A ol ol A F A2l G Gelsty] f5tke] v
o] 24 Q1 Aite ateltt. A AL FA T A R ARE T S SA g =l
Ho|oJE &= Z o

Density functional theory (DFT)E ©]-&3%F 7578 Al4bs F3l o d 2l o] <A
TF I wlxzEolr|olE 179 F U4 X 3] &g APt ALl A

Aol dFAIE EY P& wl) & 27l vl YAl BArE H Ao
~19.49] o) HZS B ATHLZ 18 54.1). T-A & 0 & F7} Wl £ E| o}r] o} Z o

A 8kg A G- ~00] B et o] A ZHE BGlom, o= HY A9 vl gl v
YA el & JFE T4 = Ao HAY B F A B2 24
) 7 (packing)ll & 4 8-S 7] A=t AR A 7FA] nEAL] WHEG Y=
o]-gsto] w2t 3 7 & A4ke A 1}, °1] 2 (head-to-tail) & B 7F 7H4 b4 5h
PPDT2FBT7} 7} oF4 3t 25 Holi= 4 o & YEyt), o] = Q1% &
WAFRe] Fe)F SO v ARt s AFgol gk Ao HoXIT) (& 3).

3, a13-2Fe] HOMO ol #] =91 A4t 23}, PPDTBT, PPDTFBT,
PPDT2FBT -4.98, -5.07, -5.09 eVE AlAME §1 31, LUMO | U %] &9 = -2.49,
-2.56,-2.60 eVE A4LE ATt o] W, 313-2}9] HOMO= #-#F A A o] A A
T E o] Qo LUMO= A AF WA @A 91 szl ofr]ol&o] =3t 210 =

A= S}, =gt o] 2 3 A 3= =74 ¥ CV(Cyclic voltammetry) A IS 4a) <}

H| 528k A 3k YeEhl AT

(]
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[137]
[138]

[139]

[140]

[141]
[142]

[143]

[144]
[145]

[146]

[147]

15
23z F3A S EA
A7) A elel A T E A FEA ] 5L zALste] S AR E ] &
1ol & oFsto] Uet it
% 1
[Table 1]
MyPOE | | g | FOMO o )
(film) (CV) Td® | Tc* | Tme
[ka/mol] [eV] [eV]
[nm] [eV]

PPDTBT | 36/1.47 720 1.72 -5.29 -3.57 | 396 | 239 | 257

PPDTFBT | 20/2.11 720 1.72 -5.35 -3.63 | 397 | 276 | 283

PPDT2FBT | 90/1.38 705 1.76 -5.45 -3.69 | 402 | 308 | 317

(M= 32, "LUMO=HOMO+Eorg (3334 M=), T =48 &%, T,
=243} &5, T,=55=7)

7] st8t4 £4

% dae= 737] ¥R F3HA 9 Cyclic voltammogram(CV) 2]
SACIZAFAZAT 7], 48 eV)= HEH Zlo|th 54 A7 E A2 3 4]
I 1& Fasti, FrE izl ofr] oo &9 F ol whe} a2 2] HOMO, LUMO
N A FA7F AT Q1 5= =1k HOMO ol A &9 Aol whe
571088 & TN 71 AL 28] NS EA S STVHAAE F s AR

o=,

l'i« Z}2] LUMO ©l 4 A
Al 2kE ATt

S 4b 2 5 4ei= AV A dloll A A E wA SR FEREE S Y
Sl Ao UV &7 29 Ed 2 Ytk
L 5e SEEHA oMol L5 whE PPDTFBT(a), PPDT2FBT(b)<] UV

5402 5 4cE Farshd, A E AL AFE 350-750nmel ©] 2= B2 H Y

FET S IS F vk AV FaEE g - ool sl dab
E9=9} ¥-AF1F A3} o] & (intramolecular charge transfer) 7 o] of] 2] 8] Jojr}=
Ao FE g AlS F JEl, B X 3 S Ab 2] S A oF
Aol v & A 2 F7 ol sk, - Al kel kg o' Qg

o
o] I35 1A oli= 3] ol B4 ALt Astel AR e, HALEe
FEAGOR QG ] 92F G5 %ﬂ 59} o] 2 Ao uhE
V219 A7) 4 AdE 2l Bhgleh ma Fw oA el F5 2 Arh
L Fol =90 & &k Akt

ol
rO
il
n
)
o
N
of\
oo
p‘L
_EL
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[148]
[149]

[150]

[151]

[152]
[153]

[154]
[155]
[156]

[157]

[158]

[159]
[160]

[161]

A A el ol gk A o' deE
g9z EA

T 62 A7) A 1% A 5 3HA ] TGA(Thermal gravimetric analysis)
13 32 9}, DSC(Differential scanning calorimetry) L& 325 eI T

U2 & 6aE FalstH, TGA 5748 &8 iAol 4 ot S g1e
1= #}, PPDTBT, PPDTFBT, PPDT2FBT= <=4 T & 396, 397, 40201 &l 23}
255 Bt o] 2 HE V] AT =& E4 g S TR = A

L=
Eg & 6bE a1, DSC =4 23 PPDTBT, PPDTFBT, PPDT2FBT7}
A& 257,283, 3179 4] =5 =% 7} 239, 276, 3080 A Al 27 3} & /g0
PS5 E QT o] 2B F 949 =9jo] aiate] Ao Addet 3t
X = sl o2 daE

<A@ 1> F71HFHA 279 Az L 4

2371 gHA of| o] A A 2% a1 %2} 534 PPDTBT, PPDTFBT, PPDT2FBTS
HAAF A A 2 FaL, PC,BM(A & @ 1-1) 5= PC, BM(A & ol 1-2 E 1-3)&
A AL A 2 AFEsEe] FH o Wi o B ¥ 73 D & 7ho]) Ve vle} e
YA 8o dAa-olEH]ET 7]

B Y A &5 Al 2FetSl o).

Bop A2 o2 Ao Wi o 24 th3-9] @A 2 Az 5 At

(1) Al & E 1ITO 578 # = (transparent electrode)-S- 10+-7F UV ozone A 2] ¢+ &
E¢3.4-o d dltho] S A B /% 2] 2~ F @l <2 EAHPEDOT:PSS) (HeraeusA}
Az, AFEH: CLEVIOS)E 243 57 ¥ 3} Al 130~14000 4 ¢F 10387 7z 8 o] oF
40nm 7] 2] PEDOT:PSS% S & A 3l o},

(2) A7) a1¥-2} 54 PPDTBT, PPDTFBT 2 PPDT2FBT 242} 1 5 %%<2} PC,,
BM 1.5 5%H%E §vldl] =<l £3589 & PEDOT:PSST /4ol 23 7 ¥ 3} o]
°F 100~400nm 77 & B FF &5 F7I6t A & A4 kot

(3) 471 AAE €2 F 2H7](thermal evaporator)©ll % 21 106 Torr 7| 72
Aol A, HFF T35 4t 55 A=22 dFmAanS 77 °F 100
nmE F2TFo A F 7] Wy B R A S A 2o

<A@ d 1-1> A7 Ao & 282 L §7] ghute] AGA B4

7] G ool A g g an A T FA 9F PC, BM ] -Z g H o
toldo el 2 &A f-5ol & 2945 WA s7] 98k, TEM 4] %
2D-GIXRD w4 & AA|8tal 1 235 317] 58, 529 2 3 20] YERH AT

32

2

ke

o rr <

=

)

oA e
AU

Y
[

.

—
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[Table 2]
Crystallographic  parameters
Additiv ] - stack
) Lamellar spacing L
Films Polymers e (g-direction)
(DPE) R d-spacin 1 d-spacin
g(A) gA)
g A g A
X 0.3324 18.9 - -
PPDTBT
0 0.3312 19.0 - -
Pristine X 0.3035 20.7 1.6614 3.78
PPDTFBT
polymer 0] 0.3036 20.7 1.6706 3.76
X 0.3036 20.7 1.6873 3.72
PPDT2FBT
0] 0.3000 20.9 1.6901 3.72
X 0.3297 19.1 - -
PPDTBT
o) 0.3332 18.9 - -
Polymer
X 0.3182 19.7 1.6925 3.7
:PC. BM PPDTFBT
bl 70 g 0 0.3178 19.8 1.7590 3.57
en
X 0.3164 19.9 1.7089 3.68
PPDT2FBT
0] 0.3133 20.1 1.7514 3.59
[162]  TEM A o|n[A| & EA| g & 88 Frarshd, 7] T4 ¥ aL-2H:PC,BM 7]
upuke v s do el 2 o] Ake) olete] nrt WHE TEE FLS AT 5
Atk
[163] fESE 471 2D-GIXRD 42352 9 H 3 )R FH 7] A8 LA 2
R ARPCBMAY] Hhkel 4 e g el E 4 9
el FAAOR ¥ 0% Faahd, aiah shupo) ] 7 )5 4] e i Awel
A% g, % 2hele Aol 71 918H= (100), (200), (300) ¥ 27} #Z5H A5, F
9127k A $5 (b, ) wek, q, 5 e] solsto] HHe 7|91k 7] =17
Z7 el o Ag] EgE &0 & tHPPDTFBT: 3.78 PPDT2FBT: 3.72).
[165] 3 A7 1 ¥AFPC, BME g Hhate] - a2} Hmwr H) =38t A 5S
UEN QL) 0] PC,BME 15419} 41918 ), v 2§ A3 A5 24l 24
e nyAel 4840 2 DS WA B AL 4FE L, 1 3A
13 A:PCBMF 7] htel] Vs Dol el 2 A 7kA 7k So) b A o] 4 =17}
H5E A
[166] Lok 5 95 #3135} face-on 3 B} S A H-& &l 4= 91+ ), face-on & Ej 9
B DA B A 24 Fehok BAshA W Lsks] wie) mEH
Ak ol % L g S-S ehliz 2 0R 3Y] B A F At
2| 2k ol] whe} face-onell Bl Eoh= o] M E aLEA} FHo] Frigo] el
2 ek,
[167]  <Al@d 12> &vjet & o dF ol W& F7] b2t B FAA 427 B4
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[168]

[169]

[170]

[171]

[172]

[173]

[174]

Al Golo| A= Gul o] Gt} & oG o] 2Afe] o g FFS G
ol R 7] QA 7] Wi e guEA T EE2E2 A 2 S22 24H7E
AFEEFe] 7] vk Bl AR 22 S AL sEE, o W F A L WA gk
FEf el A AAEA S 1] st

%3
[Table 3]

Thermal i Ve PCE So
Solvent annealing® (mA‘icmZ) \) & (‘?6) ( m[fjai; 2
DCB X 9.77 0,76 0.58 427 -
PPDTBT o) 10,40 0.81 0.61 5.08 10.53
"""""""""""""""""""""" " X 1040 | 074 | 054 | 413 -
0 10.30 0.80 0.61 5.02 10.75
DCB X 10.6 0.76 0.59 472 10.33
PPDTEBT O 10.2 0.81 0.62 5.11 -
T CB X 8.14 0.76 0.55 3.36 8.71
0 6.87 0.82 0.64 3.58 -
12
°® oo 0w | om | a6 | -
FPDT2FRI CB X 6.46 0.81 0.61 3.22 6.84
8] 5.08 0.86 0.64 2.78 -

(* Thermal annealing at 130 for 10 min)
AHEE Guflol) whE 771 v B FR A Afel] T g A #i= A7) 3 30
[ ofsto] YERHSLAL, 5 1000 5= 2 a2 T A of
aYZE YeER ST
335 sk, FUATE R H A & v 2 S FA PPDTBTV 7H W
AEAFS etz FE AL =9 420 wte} PPDTFBTX.U} PPDT2FBT Y]
ol A s o)== A9 =4 o] HOMO o | A & 917} 2fo] <

=
o
N
o
A
N
i
g,
ki

7 1. H
o] gk Alo|tt,

ek U2 2 29l A (DCB) £ & ©] 835192 v, PPDTBTS] 4 $-ol &=
ZZZMACB) S o] &3S wef FA "3 §8(PCE) 2 & o] d ¥
TR H =8 Ao g bk o FEA7 9% PPDTFBT 2 PPDT2FBT 9]
9oz FA W3 8o QoA zto] & Bk TA Mo R, v EFa s
o] &3+ 7 9- PPDTFBT ¢} PPDT2FBT 242} 4729} 7.18%2] 37 W3 a &2
DE T AslE, FEEWAS o] &3 Aol afo] dA3] o] 747336
3 322%%5 B.o]FATH

Lok 5 wkek Aa 2 A 7] %3S FashH, A o) d¥ g gl ue)
WA SQte] S7HE = gl = Aok A S 5HA 9 HOMO ol v A =9 ¢k



WO 2014/119962 PCT/KR2014/000909
19

PCBM 2] LUMO ol #] F=¢]ol 2]&}
F A2l HOMO =9 9F ¢ 27353}

[6]
(1751 WA < Oiéa T, UERENA S Sl = AR o] B W aa
FEZHAS Sl 2 AFEE o] FH W :Faz%% 71 FAke] Aol 7k
e S %‘% St 4= 91t} 53], PPDT2FBT Y] 4 f-ol = S22 4lAS §rf &

0BT o o] uY F ol FAS A B e,
176] AU 13> Bokh AAAN HE 7] AP £ 5
1771 A ATRelolA = f7] v B A 2Ake] Ffel 24 o} Bstol,
ol A o) ofel 7] o Flar A S A ) A
H) 3} ). A 4 ©. 2 | Octanedithiol (ODT), diiodooctane (DIO),
chloronaphthalene (CN), diphenylether (DPE)E 2% =& 24 -8 Nl F 735t
F7] whet e kA A a2 A 2 A s} U] ) d ol B 2(DPE) S AFE-3F 5 71

=2 A EE A T A E215tar, DPES H7F 759, Sulof] uhE A%}
EA & sl
[178] 34
[Table 4]
.. JSc
Additive Jse Voc PCE
Solvent o FF Cal,
Ve (DPE) (mA/emd (V) h @ | cel
(mA/cm®)
DCB X 9,77 0.76 0.58 4,27 -
PPDTET O 11.79 0.73 0.61 525 11.83
T T X 1040 074 054 413 -
O 11.73 0.70 0.63 5,17 11.77
DCB X 10.60 0.76 0.59 472 - 1033
PPDTFBT. —— (8] 13.88 0.73 0.69 7.03 -
""""""""""""""""""""" CB X 8.14 0.76 0.55 3.36 8.71
O 13.29 0,73 0.69 6.64 12.88
DCB X 1290 0.78 0.71 7.18 12,73
O 14,09 0.75 0.70 7.41 -
PPDIZFET CB X 6,46 0.81 0.61 3,22 6.84
O 15,73 0.78 0.71 8.64 15,59

kol

[179]  AFE¥ v 2 HIFA 5ol whE f7] uh e
sto] YERSLAL, & 11e) = ZF a1
ZE YeRf gl
[180] V] E 4= %ﬁ;}lﬁ, PPDTBTS] 4 -0l = A 7HA| 2 AL&3 74 $-
ez 222 gujo) A 247 4.27-55.25%, 4.13-55.17%% 47
ek g o] FUHEE T F Ao, 2T EHE AA B AR
A B3k

(o]
ﬂ.4
—|—‘

1
m Fo
é“.:

e
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[181] =& PPDTFBT 2} PPDT2FBT 7 %ol & U]
Z¥ZY 4.72->7.03%, 7.18->7.41% % 37 H3 &
qES RO, LS EE 1y A4 S

[182] “1#11} PPDTFBT ¢} PPDT2FBT 7 -$- £ 2 = 9l %1
27} 3.36->6.64%, 3.22->8.64%2] 5715 YERH o =M &

o] FolA WA 5 a8 e Wlth

[183] Ol% S o] zpo|el wha} H7FA| 7F v 2 A Hb-g-gle)] whe §-7] vbat g A A

27 m&o] debA = AL o

(o]
=
2 3¢
H

[184] 7} 2
[185] A7 Al 12 R A g 1-39] Aae] upe} &, d ojdd & 7‘97}%%1011 =
F7] o B A 2] B 8] & 5ol faofske] el AL, = 12 WA

5 140l = A A d A T Aol o et At A R 1Y E(a)ek A %}51%%
EQE(external quantum efficiency, b)E Y EFU ST}

[186] 5
[Table 5]
Additive Thermal g Vv, PCE Ao
Solvent (DPE) Aline * ( mA/SE 2 (VQ; FF (qr) [Call
DPE) annealing * ( in v o_ A/ emd)
" X 577 076 038 427 -
- 0 1040 081 061 508 10,53
A I
FPDTBT " X 1040 074 054 413 -
B 0 1030 080 061 502 1075
5 X 1173 070 063 517 1.7
0 038 076 067 471
- X 1060 076 050 472 1033
- 0 102 081 062 511
Borrs 9, r% el O X 13-38 8-7? 0‘29 ';.(3)3 12_39
0 284 081 072 739 .
PPDTEBT - X 814 076 055 336 871
B 0 687 082 064 358
5 X 1329 073 069 664 1288
0 1127 081 073 666 -
" X 7290 078 071 718 12713
DCB 0 1140 086 074 726
U0 L B S om g1 s
PPRI2FBL - X 646 081 061 322 684
B 0 508 086 064 278
5 X 573 078 071 864 1559
0 1340 084 065 728

[187] (* Thermal annealing at 130 for 10 min)
[188]  AF7] 3£ 5004 &F1e 5= oli= vlel o], 3 W e a8 ((PCE)9 232 Baks
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[189]

[190]

[191]

[192]

[193]

[194]

21

] FYx}2] 9] 9=l ul2}, PPDTBT < PPDFTBT < PPDT2FBT 2] <= A &
PPDT2FBT 7} 7} &2 8§ e 3t

E3], 7b4 =2 58S eI PPDT2FBTS] 4 $-of &= ] 2 249
A7HAIQ Y| Dol el 2 2] H7tel whel ©E-A F 13.26 mA/cmz, 7 A

0.84V,
ZAE 0.719] k2 YEFH o] 7.97%2] 4H M3 5 8(PCE)S 7| 533 1L,

229 Gl A tleld el el 29 H7te] whe} dEbA F 1573 mA/em?,
WS 078V, BHE 0.719] ghs HEbH o] 8.64% 2] -2 33 Wsk
HH(PCE)S YEFAATH HA-0o] T4 F s =] el A x| H7FA &
o] g3}e] o213t & A HF g H S dojll AL AAZA Ry v} Gl
& Zagolth

ole]] %] J%H ojd

A o =5 E

o] 1] %], SCLCE 3%*4%}04,2121 ;15 16 %17 2 5189 YER Sl

15 % % 162 #13P, PPDTBT(S 15a, & 162)2] 2 - S22 0A4S
ALE-3a Yl E|doel | 25 H7FeA] &2 H -5 A 2] 3} al5= vibronic shoulder
peak7} A A E = AL < 5= 949l o1k, PPDTFBT(% 15b, 5 16b)¢} PPDT2FBT( %
15¢, & 16c)ol A=y 3 o el 2 2] F 7} il 443 ¢lo] vibronic shoulder
peak7} ®13} =] ¢Fa1 A 7]RE W gleli= Al o2 Ve o] = FEAF =9 H
PPDTEBTS} PPDT2EBTON A= 1 B2} F24F A 714 & AF&31A] 2o al s
=2 Ao R o] - A% semi-crystalline S FA$HS Jujsl= o R
g o)

HA3le], £ 179 AFM ©| A & Fa1ste] & T BEEAE 4] 5]
KW, PPDTBTY] 4 -$-(% 17a)ell = o] d B o] f-, §ul o] zpo] E H71A
Friroll Aagleo]l BEE A thek W 7F A4 5> A S8 YEH T

PPDTFBT®] 2 -9-(% 17b)oll =, Hl &2 2 il Al S 2 2wl o] A 4] gk 2ol &
gels = Ao, HEEEA M= o dE & 3 9ol L9 oAl 9
A7 A E RS AT 9o, YudeH 2] HUF o w2 S
yeRR LT 1y, FH7EA glo] SR EwlAITHE AFE-g A -]
ABHA Dot A F8] 7t & A 8 1T 5 AAT T
Axpet g o] ol H 27 & FH Y] wito] 22 a8 B
= vf, ol gk Ad= g7 Al e 12 2 1-30) A 81E nfe} o] SR 2l Al
Suvto 2 Ag Ao 1 &S AAHdE BE L 4E0
Mgl Aot &, H7HA &AM StaL ol = & g A - A
El% aEol F7HE S onl sk Alo|th

3 PPDT2FBT ] A -9-(% 17¢)o 3=, 4} 7] PPDTFBTE.T} 71 x}o] 7} 241 3]
UrE‘r‘;k%H}, BEZ22A7F SR AP YA o] |
AT o= A7 Ao 104 SEEWA SR Ade A M =
7hd ag o] WA U o)l F-E A el slolt e SR 2l S

N

AHAlol) 12 2t B4)S 1A

g /\)ﬂ |==a! AFM

T1— T

d R
<3
=

sHE

fnﬂi
ofo
Qé
WE,
e
N
N
N
2
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[195]

[196]

[197]
[198]

[199]

[200]

[201]
[202]

3te] U o] 22 A 7FA 2 AFE 3 A 0o = 28R ke Lol
Hutt) 2 AF ¥a] 7} ZE o] BEZ Ao et HalEo| ZS T 4 99,
%, ol 3 At 8.64%eH e FH W GRS DS 5 QA HE

ot

TS 5 18- Space charge limited current (SCLC) ¥-& & %41 5}o] PPDT2FBT<]
AE ol si(a) H A4 ol FRb)E Y 2oz HER a2 &viks
AEBES - AT AL o] F = o] 19 Tk A E B
glst = o)k ol g A= fE22WAE AFESHE d UER =
AAE 7L 52 ol FE A ellF= Aoty B3 E22lAdE &= staL
ﬂﬂ]‘éd}ﬂ] = g A7ts }/3\% 78"01*0”E H] 525t 7ﬂJ_’Jr*E‘ LJrE]rLHOJ Zq*ljr Xj]}/]

gule @ Ao} 2R e dAE A G A en 04 109 4%
P E AL AT 5 QAT o= FEQ WA Aol A0, 7] E5F
sk 15.73 mA/em?e] 322 e o) 2 g o] T hie] A 2 A Y
FFol AaS Aut= Aotk e 22 dHAFE A7 FA
IPCE(Incident photon to current conversion efficiency)oll A &= 82.3% 2= =2 #-&

O P~
A& AAgH

<Algd 1-4> F7] wet A A AR HAA #4A

71 A ol ol A TS Al 7] 2] aL¥- A PPDTBT, PPDTFBT 2 PPDT2FBT 2]
27 AL S 200A Kbl AA SA4sle] 1A T E H SAES = 199
3= a8} ‘Riﬂr

%192 2 % 19bE #H3hdE, FY A 7F =9 ¥ PPDTFBTS} PPDT2FBT 7}
FUA7F =] ¥ A 22 PPDTBTRE.UF & M4 o] H ol 3l o2 Vel

a2yl £ 22294 gujo taldaH 25 Hrbet 4 fol= &
Aol HuldoH 25 H7FshA] & 4 -9-Rok bg 54 gl oy,
PPDTBTS} H| 13}1H PPDTFBT 2 PPDT2FBT= At 2] © & 2004 F &<t
Ao = uf- HgEhE ehl AT o] 2§ A= Tl BaiE vl gle Hold
A FgAdS YEtl = Ao E F Y4 = up& 232 o] A Fell 7k
ﬁ*ﬂﬂ o] 1AL ZF G AFg o] ket A A o] TUE Ao =®

E T gk EA o A A E QlEte] 2k BEAE A BHA 7] = AbA

Tfﬂr A& 274 249 AT H & AR o SHE T

<A@ 2> F7IHFHA 2] Ax L E4

A7 A8 19 A3 &2 PPDT2FBT7F A8 22l -39
9 A5& vEbdE Skl =nl, 2 Al P dlol A = vEA

.

=

Jm Rl
ol
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[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

23

20 % & 218 A3 4 (conventional) T-F 2} ¥HA ¥ (inverted) - 2= ol A
AL AF 4 L IPCE F4-2 Yehia, 54 A7k 317 E 6ol
VER AT, g = 220 Zb7h o] ol A 3 A S T ] TEM +4] oA &
YR LT
%6
[Table 6]
Type Thickness Jsc Voc FF PCE Jc
(mA/cm?) V) (%) [Cal],
(mA/cm?)
Conventional 290 16.72 0.78 0.69 9.07 16.43
inverted 260 16.37 0.75 0.73 8.91 16.12

A7 % 68 18, PPDT2FBT 7| W] PSC(polymer solar cell)= 71 & 4]
TZ(conv.)SF WFAH G Z(inv.) ol A FEA S 54 7F 22 290nm, 260nm 2
e AL, 37 W8 G 8(PCE)°] 47 9.07%, 8.91%% =& §88 JERI S
9915 2= SIEk(s 21 )

5 5223 719] 300nm A o] FA L T HH A & 9}1&@5}
TN T2 22 A5, 5 T2 T ]7‘14 s> g9 E
Arstry] fsl 245 dol thsto] TEM #4] & A A&
Ao7 HAPH Fx (_L22ace)91r‘ﬂ}ﬂ-ﬂ:ﬁ (&= 2b,d,f)°ﬂ/\1 ”%}5;} 2
B A2 ARt Aoy s 5 5

53] & 22a, ci= AF A 2ol A 9] ql- 474/\ ol u] A (a)e} Y-F 7 2 o] 1] A (c
e)E YER a1, 1 22b, d= BEHE R0 A 9] Q1-EA 2 o] w] X (b))} T]-EA
olu| X (d, HE Ve Ao R, A7) ZF T2 U]-E 7] A o|n| X & 2y B
U A -4 & (nano-fibrillar structure) & 714 i= XE B X 7 2 H 02
oot HEHAYE A EF A
o] &} ko] % Els E%E]Z]E 7L7] W“‘f_‘@] %}3 = Pr & A A

Kel

=3l % 238 PPDT2FBTY] Hu ITO-free PSC/] AHA Fz2oibdd 25
A stste] et Ao, A A F 2o A=l 524 =2
PEDOT:PSS(PH1000) ¢l 5% DMSOE % 7}8to] AF-&-(Modi-PH1000)3} 3 .
REA gz e] el mp kA R S :L(Modl PH1000)& AF§3}5] 1
Aol t} polyethylenimine ethoxylated(PEIE) & -8 =% gF o 24 4 7]
Modi-PH10009] & 342 0]Fo] S50 & 4& s},

=24 2 &% 25+ #3& A(conventional) 7~ ¢} REH ¥ (inverted) -2 1 A
At-AF =1 2 IPCE 45 YErd Aol i, 54 A= 3 70 Yehli At
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[211]

[212]

[213]
[214]

[215]

[216]

[217]

24
x7
[Table 7]

J v FF | PcE
Polymer Type Electrode m N::cmz) (V")c %)
ITO 16.65 0.76 0.66 8.34

Conventional -
Modi-PH1000 15.42 0.76 0.63 7.39
PPDT2FBT ITO 16.37 0.75 0.73 8.91

Inverted i-
v M°d'P'°ET£ 00071 4532 0.77 0.59 6.98

71 F 7N FRle o= Qi vlkek o] A A S xef v E 29 ITO-free
PSCell A Z}7t 7.39 £} 6.98% 9] 3 ¥18 §8(PCE)= YWE T} ©]=1TO
71dke] A4 Gk dbd ¥ G2 9] PSCol A oF w7t A| &2 558l =
T8-S UE Ao 2 A, AE vbAE -2 9] ITO-free PSC S0l A 7HY =2
HES RoFEH o)l & 582 A7) & 22004 ou] AA] & ule} o)
PPDT2FBT®] 7} & A4 o sl &5tz Aolt}.

AP 3>FEH4FTY 2H AE

BV AR 2R Hae] mEE s
A7MA A Y de e 28 ¥ 27102
A zsly], o)A 1WA =24 PAHFP-Br
(poly[9,9-bis(6'-(N,N,N-trimethylammonium)hexyl) fluorene-alt-phenylene] with
bromide) S F&A T T A= Abolol =/late] F7] vh B A AAHE
Az 8k

3 8 2 263 PPDT2FBT] &4} 413 oo w}2 Ak AF a1 e Z (%
26a) R IPCE LT Z(52 26b) 5 WEH A &, o] 24 AEAE HH ST
st A, FEAAT] ZHS NAT RN FEAATH A= A
slo] 3 8ol A FQlet 4= Sz vlke} o), @A 16.61 mA/em?, 7] SF
0.79V, ZHH 0.749] & #1& o] A A== H e g48<1
9.74%% 275kt

X

%8
[Table 8]
Polymer |Additive® Spin-rate | CPE layer® | . Vo | FF |PCE [é“:;]
2 [ .
(rpm) | (1000 rpm) [(mA/cm?) (V) (%) (mA/cm?)

X 1545 | 0.79 |0.68|8.25]| 15.30

PPDT2FBT| DPE 1000
@) 16.61 0.79 (0.74(9.74| 1594

1CB with 2% DPE as the solvent
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[222]
[223]
[224]
[225]
[226]

[227]

[228]

[229]

25

®CPE solution (0.1 wt.%) dissolved in methanol was spin-cast at 1000 rpm 20 sec

<A@ 4> 7] Bt ERA 2 22 Al 2 A

f7] gtet ERX A A 2

Aol E A= o8 ARk FE R 7F 238 ¥l Si 9l o] (413 :0.008 - 0.02
ohm/cm) 9]¢l e-W! Z-27] 5 o] &3}o] Alo] E A A A=<l Sio, 200nm 52} &
T OlHE, o] AX 2 HeF S 0] 85o] VWS A At EFd 1 FE%
SHEgo| S22 % (OTS) (99:1 3] %) <3 8o 1087 H
EEE BFQ g o g At A7) ghAd ool A A 2% PPDTBT, PPDTFBT,
PPDT2FBT 27} 15 % %S 2 =2 2 Wl Al (chlorobenzene)®l] =21 £ OTSE
2] 3k 7] 2 AFol] 2000 rpm, 603 7F 2~ B Eo] oF 60 nm A &) AL E-A}
WA S-S FASEA T 18] a4 7] &S @ XF F27] (thermal
evaporator)©ll ¥ 3%, 106 Torr 7| RF 21 F B o) A, A1} HE L 4| 5= Aol =<1,
22 AFC0E F(Aw) vE5E T 9F 60 nm=E F2HE o
E WA 28 AAE A 2sEglth

fr] gt ERXAEH EA

%= 27 W A] 29%= Z+7+ PPDTBT, PPDTFBT, PPDT2FBT ﬂ%x}% o]-& 3+ 7]
JAp e E@ A AE ARfol] Qloj A, AAfel FF o] F L, FE dgh E
AE v & veRd Blol T

ol W, A9 ol &5 O E3FH o =Rl AR (1) tH| Aol E A (V)&
o]-&5to] ofeff o] F=8H2 15 E5to] 7%+ AU

<754 1>

Ti=(WC/2L)(V - V)2

(W= 28] # L& 278 Aol C &= Si0,8 4 8%, v, = 8 A
°|t})

527 WA 2990 A, v, B8] 1,5 WER TR 25 Fel A
1,5 7154 1%%8}04 vebd 1efz o] Ayt E Foto]

olExE & 4= v} wheh A, & 27 WA 295 F a1, PPDTBT, PPDTEBT,
PPDT2FBT/] ?g HH) = 27} 8.76 x 108, 1.96 x 104, 1.20 x 106 1S YER a2
PPDTBT, PPDTFBT, PPDT2FBTY] & A H-& 247 6 V, 25 V, 44 Vol i,

o] & %= 0.0046 cm?/Vs, 0.0036 cm?/ Vs, 0.0340 cm?/Vs©| T}, PPDTBT 2}
PPDT2FBTOl A= B 5 #] Aaapol A 9} mpzh7hA] 2 & A 3} of d & 231<1 130

o A 10%- FF o) d Y S slF o 2A dH o] 5 0.0135 cm?/Vs, 0.0640 cm?
IVsE Ho] =T}, o] ZhE-2 3 90l gl sto] Yeh St

%9
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[231]

[232]

26
[Table 9]
thermal annealing 29 ¢ olF:
(X ° C, 10 min) #id \p) (cm? Vs
None 8.76 x 10° 6 0.0046
PPDTBT 130 6.55 x 10 7 0.0135
150 1.05 x 10° 0 0.0146
None 1.96 x 10 25 0.0036
PPDTFBT 130 2.21 x 10* 33 0.0031
150 3.52 x 10 33 0.0030
None 1.20 x 10° 44 0.0340
PPDT2FBT 130 1.50 x 10° 47 0.0640
150 5.64 x 10° 53 0.0330
A7 398 Fhash, o5 Aol A 27) 2] F 1447} 1-9] ¥l PPDT2FBT7}
HAA S =2 ol F =5 Hol ) o] = S--09} F--S3H2] 5 2180 2]t
el o] o] §2 == Aol 7]l FatEth 18]l o d ¥
TS EaA] A ] H o] vl L v Fe A WA A AL
2B 7] S 2 o) A e o)A A Fol el ou] AL FAE= AL o4
At

g gt ulel o] A7 FAd ol R Al el E Fahe], A A T @A (phenyl
and thienyl moieties) ¢} A A} = T8 A (benzothiadiazole, BT)Z ©] 5o Z ICT
9] F& W=7 3152 (PPDTBT, PPDTFBT, PPDT2FBT) & 314 &lo] a1 g &
AA) 24 AL LR 2AE PN E B dRA R W
At gk Fa gk a4l ol & Y8l =2 WA HSA S THA =
Eo}r]o}s el FUAHE S4lstel, F7h X 3] ateba] HOMO %917
SobAl= Ae BEE 4 AUTH-529 -5.35-545eV). B UV F4= 2 EF] 5
2D-GIXRD(2-dimensional grazing incidence X-ray diffraction) 4! & 2 I} F7}
A g ol wheh A AR w3 A E = S HEE S AT ol = F AR S
Slape] 4 2ol o3 17 EAE o] ZhE Ao A T4 3
el 542 oz APA FP) f7] st B xE A
Fol 529), 8ol 8 2 H7hAl o] kel wheb a4 ffo] A5H= AhE
3213 4= 9) 9 tHPPDTBT: 5.25%, PPDTFBT: 7.39%, PPDT2FBT: 8.64%). &3],
PPDT2FBTE 7|80 & 3 Axli= 2712 ¢l Bl & 41 glo]l A48 Ax =
AAN7EA B vl §li= 352 B85 UERH AT o], 2419 m&F 5017]
A3l B AT 23 FBAF Aolo] F(ETFLA-A DA e F¥A
A AE st HH TS B A9, 74% 9] & A E] 9} 9.74% 9] # 11
E4¢ e g
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BT

(33 1] 3l7] sheta] 1 iz sheta] 2% WA HE WA A 8]
3},
st7] gF8h2] 3] 8}8t24] 8 Foll A A sty E A E = AR
WA 2k-8-7] §hf- sh R o] axF b B9 E =, LA S A
OR;
X
War ;( I
n
R,0
3} stAl 1
Rs
/X\ ril R6 R?
N N A -
i /i Ni\ ,Ni N, N
Y Y Y Y Y Y
3l&tAl 3 StEtAl 4 38tAl 5

s 71} Aol 7] €1-3091 413 i 7% 9]

242}y 5 At Aol s, H, F, C1 ©3= CNoJH;
Rl, RZ, R39 R4, RS, R6, R7, RS, Rg, Rl(), Rll 7_3 RIZ t Z‘}_Z_}_ ‘8}7% L+
golatAl, C8-3091 A& iz 7HA & o A 7] o),
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X=CR'R", NR', Q, SiR'R",
PR', 8§, GeR'R", Se, Te
(R', R"=alky{C1-C30))

Y= H, F,Cl,CN

R= alkyl(C8-C20)
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[Fig. 3]

PPDT2FBT ~24.2 keal/mol
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[Fig. 4a]
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[Fig. 4b]
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[Fig. 4c]
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[Fig. 5a]
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[Fig. 6b]
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[Fig. 10c]
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[Fig. 11a]
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[Fig. 11b]
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[Fig. 12a]
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[Fig. 12b]
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[Fig. 13b]
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[Fig. 14a]
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[Fig. 14b]
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[Fig. 15b]
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[Fig. 16a]
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[Fig. 16b]
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[Fig. 17a]
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[Fig. 17b]
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[Fig. 19]
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[Fig. 20]
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[Fig. 21]
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[Fig. 26]
3

£ o

L ! —=— wio CPE

g 3} —e—w/ CPE

o 6

-

£ 9

'o b

g-‘lz

i -15

=3

O .

0.0 0.3 0.6 0.9
Voltage(V)

EQE (%)
o238 888843 88

300 400 soo'soo‘mo 800
Wavelength (nm)

HEEX (7= H91XL) ISA/KR



WO 2014/119962 PCT/KR2014/000909
47/49

[Fig. 27]
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[Fig. 29]
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