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£2 Vet o8 HFo] B o obx ATEA g D-n-A TREW ol A-
D-x-A i AlD-7m-A29} o] Td FHES e wgdy §7] dEAEe

FAHL S AN WS Eok, olF BFHES Wl Yol 4TS I A

=2 | [e]

[0056] &= 12 ¥ o] o Ao 1 X 424 #2424 1 WX 37 #d
H 3,4~ gd@:g A A o]l o #Hl 7wk ©EzF R1-M2 (IFL-ED-4F)<} R1-M4 (IDT-ED-
4F)] Hdy Al A FE Rlol| gk 19 o]t}

T2t B o0yl o Ao 5 A 10024 T4 1 A 59 wdd
3,4~ A=A Aol o Hl 7|Wk w2} R2-M2 (IDT-ED-4F), R2-M3 (IDTT-ED-2F),

12 a1 R2-M5 (DTP-ED-4F) 9] &4 <l &4 FE R20| ek L1 oltt.

T 32 B oubmgo] o AAd 124 RI-M19] H NMRol| Wi 13 o]},

T4 B ool o AAld 224 R1-M2 (IFL-ED-4F)¢] H NMRel o3 =¥
o]t}

T 55 B ool o Ao 2824 R1-M2 (IFL-ED-4F)2] #C NMRoll ©i3dh =¥
o]t}

T 62 B ool o AAld 324 RI-M39] H NMRol| tid 13 o]},

T o7S Boubmgo] o AAld 324 RI-M39] BC NMRoll thg 13 o]},

T 88 B owtmol o AAld 424 R1-M4 (IDT-ED-4F)¢] H NMRol o3t =¥
o]t}
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H
H’?

B odbyol o AA]d] 624 R2-M2 (IDT-ED-4F)¢] H NMRol| i3t 19

ol

=g
)_A
(@)
rlo
e
(i3
of,
lo
e,
1>
>
K3
(@)
il
>,
=
P
=
\\}
=
>I%
e
N
D~
=2
lo
S
=,
=
=
=2
=
o,
|

et

T Ee d AAd 49k 69 dis) b @ AR (R R R2)A &
& A9 AA A L Fell & IDT-ED-4Fe] TLC dle]E gk 13 o]t}

Eo12v e AAd 49k 69 dis) b @ AR (R R R2)A &

2 AY AA| ¥ IDT-ED-4F¢] MALDI-TOF dwlo]&] tjg 13 o]},

—

T 138 2 owrgo] o AAo| 724 R2-M3 (IDTT-ED-2F)<¢] 'H NMRe| ©)3st =1

T 145 E abgo]l o AR]o 72A] R2-M3 (IDTT-ED-2F)<¢] 3C NMRe| ©jd+ =1

T 1565 & el d A4 924 R2-M5 (DTP-ED-4F)<] 'H NMRel oigh =1

ki
&
rlo
(e

L
o,
o

©,

] A Alo] 98 A R2-M5 (DTP-ED-2F)¢] C NVRell thah =1

T 178 B oo o 2Ad 1224 methoxy (in / out), dimethoxy 2
3,4-ethylenedioxy® X8 ¥ g odl AuolA @9 7|¥F n-A +39 DFT 23 :
Me(in/out )OT-2F, DMOT-2F % EDOT-2F djgt “1¥lo]t}.

T o182 & o] o Ao 1224 x-A 729 ALbE ESP ¥W o (a) Me
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(in) OT-2F, (b) Me (out) OT-2F, (c) DMOT-2F % (d) EDOT-2F W&t 1¥ o]},

T O19% B odgol o AAld 1284 AdR 7] LIM0 2 HOMO AA &,
EDOT H.2]#] NFAS] HA sl # FAdel gk SH®7] © (a) IFL-ED-4F, (b) IDT-ED-
4F 2 (c) IDIT-ED-2F W&k 1 o]},

® oubo]l o AAld 1224 EDOT B.2|x| NFAS] 72b®l ESP ®Wl:

rlo

T 20
(a) IFL-ED-4F, (b) IDT-ED-4F % (c)el Wik 2 WA Zt%= (01, 62, 63 % 04)
2 =2 R EZIYE FHE IDTT-ED-2F th3h 13 ojt},

T o218 B oubgo] o AAJd 1324 EDOT .2 A NFA(IFL-ED-4F, IDT-ED-4F
9 IDTT-ED-2F) el thgk TGA =44 tfgt 13 o]},

To22% B ool o AA]e] 1384 EDOT M)A NFA(IFL-ED-4F, IDT-ED-
4F, 2 IDTT-ED-2F)ell tjgh DSC =41 thgk 13 o]},

T 232 B g d HAe] 13=A] EDOT H.2]# NFA(IFL-ED-4F, IDT-ED-

=

4F, 9 IDIT-ED-2F)ell diek W-vis &5 ~HAER, (V 34 2 ofjtjx] W= tho]o

T 24 B odrgo A AH AwAE EAEo thet (a) W-vis &5 ~FE
2 2 (bh) PBDB-T, PM6 % BTP-BO-4Cle] ouj#] wi= tholo]l 138 13 olr},
T 95= R ko] o Ao 1424 EDOT E.2]A| NFA(IFL-ED-4F, IDT-ED-

4F, 2 IDTT-ED-2F)°] et (a, c¢) HZst & =g A9 JV %2 (b, d) EQE =4
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(a, b) PBDB-T : IFL-ED-4F, PBDB-T : IDT-ED-4F @ PBDB- T : IDIT-ED-2F %
(¢, d) PM6 : BIP-BO-4Cl, PM6 : IFL-ED-4F : BTP-BO-4Cl, PM6 : IDT-ED-4F : BTP-
BO-4C1 2 PM6 : IDTT-ED-2F : BIP-BO-4Cl ¥ o]t},

T 268 B ool o AAje] 1584 EDOT H.2] A NFA(IFL-ED-4F, IDT-ED-
4F, 2 IDIT-ED-2F)e] i3t (a) D1 : A2 : Al &g 7123 49 £3 A 2=
ol A st AE HAUSF tholojd; A EE At Aol olF B FEY
7Vsd A2E JeEbdYTh. (b)o] Aol PM6 : IFL-ED-4F : BTP-B0O-4Cl, PM6 :
IDT-ED-4F % PM6 : IDTT-ED-2F¢] 4t =39 Al=dlo] gk oA #¥ W= tol

o]1# . (¢) PM6e] ¥9A] BE 2 PME : BIP-BO-4Cl, PM6 : IFL-ED-4F : BTP-BO-

4C1, PM6 : IDT-ED-4F : BTPe] A3} w Edx= FAEo tfsl 34 w4 (PL) ~FE
2 -B0-4C1 2 PM6 : IDTT-ED-2F : BTP-BO-4Cl (530mmelA o7] @) 1& o]},

= e A AAje 15624 EDOT H.2]*] NFA(IFL-ED-4F, IDT-ED-

rlo

T 27
AF, 2 IDIT-ED-2F)¢] tid A] (PBDB-T, IFL-ED-4F, IDT-ED-4F % IDTT-ED-2F)
2 H#3s} © Ed= (PBDB-T : IFL-ED-4F, PBDB-T : IDT-ED)¢] A 3} @ PL 29
E& —4F, PBDB-T : IDTT-ED-2F) : A& Z}7; (a, b) 530 nm % (¢, d) 630 nmel
Al 37|, 1ot

= e A AAje 15624 EDOT H.2] A NFA(IFL-ED-4F, IDT-ED-

rlo

5= 28

4F, 2@ IDTT-ED-2F)¢] th3st €9A] (IDIT-ED-2F 2 PC71BM) ¥ HA3 ¥ Ed=

>

(IDTT-ED-2F : PC71BM)9] At3} ¥ PL ~HEZ : MZL Z}7F (3) 530 nm 2 (b)

630 nmol| A o] 7] . 19 o|t},
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T o29% B ool o AAje] 1584 EDOT M)A NFA(IFL-ED-4F, IDT-ED-
4F, 2 IDTT-ED-2F)ol| thak 1Al (PM6 % BTP-B0-4Cl1) % A3 & Ed= (PM6 :
BTP-BO-4Cl, PM6 : IFL-ED-4F : BTP-BO-4Cl, PM6 : IDT-ED-4F : BTP-)¢] A t3} ®
PL ~#E=] B0-4C1 ¥ PM6 : IDIT-ED-4F) : A& 717} (a, b) 530 nm ¥ (¢, d)
630 nmol| A o718 . 1ot}

T o308 B ool o AAje] 1584 EDOT M)A NFA(IFL-ED-4F, IDT-ED-
4F, 9 IDIT-ED-2F)el| uigh HAst | B9 J1 / 2-V &% @ (a) A3 A& 4
(b) PBDB-T : IFL-ED-4F, PBDB-T : IDT-ED-4F % PBDB-T & #Ax A& %X
IDIT-ED-2F; (¢) & %€ 92 (d) PM6 : BIP-B0-4Cl, PM6 : IFL-ED-4F : BTP-BO-
4Cl, PM6 : IDT-ED-4F : BIP-BO-4Cl & & #& X % PM6 : IDIT-ED-2F : BIP-
BO-4C1 1&g o]t}.

= e A AAjd 16241 EDOT H.2]*] NFA(IFL-ED-4F, IDT-ED-

rlo

T 31
4F, 2 IDTT-ED-2F)ell Whgt A3t ¥ EdW=E93gk AFM height (a-c, g-j) %
phase (d-f, k-n) ©|¥]#] (5 mm X 5 um) : (a, d) PBDB-T : IFL-ED-4F, ( b, e)
PBDB-T : IDT-ED-4F, (c, f) PBDB-T : IDIT-ED-2F, (g, k) PM6 : BTP-BO-4Cl, (h,
1) PBDB-T : IFL-ED-4F : BTP-BO-4Cl, (i, m) PBDB-T : IDT-ED-4F : BTP-B0O-4Cl,
(j, n) PBDB-T : IDTT-ED-2F : BTP -BO-4C1 —L®o]t},

o325 B ool o AA]e] 16%4 EDOT H.2] A NFA(IFL-ED-4F, IDT-ED-
AF, 2 IDTT-ED-2F)el] ©)3F IDTT-ED-2F : PC71BM Eel= =9 ARM (a) height 2

(b) phase ©]H|A] (5um X 5um) “1¥o|t},
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rlo

T o338 B ool o AAje] 16%4 EDOT H.2]A NFA(IFL-ED-4F, IDT-ED-
AF, 2 IDTT-ED-2F)ell th&d+ PM6 : IDIT-ED-2F : BTP-BO-4C1 Z#d= ZE2] AFM (a,
b) height % (c, d) phase ©]H7|X] (5 mm X 5 um) (b, d) 20 =% % IDTT-ED-2F
1ol

T34 B okl o AAje] 1724 EDOT .2 A NFA(IFL-ED-4F, IDT-ED-
4F, 2 IDIT-ED-2F)ol thd+ (a) IFL-ED-4F, IDT-ED-4F 2 IDIT-ED-2Fell th3l A
EDOT B.2]#] NFAel Wigk X-A 32 (XRD) X =w, (b) PBDB-T : IFL-ED-4F,
PBDB-T : IDT-ED-4F, PBDB-T : IDTT-ED-2F 3} ¥ wlolde] S&dll= L (c) PM6
: BIP-BO-4Cl (%), PM6 : IFL-ED-4F : BTP-B0O-4Cl, PM6 : IDT-ED-4F : BTP-BO-
4C1 2 PM6 : IDTT-ED-2F : BTP-BO-4C1 HZ 3} © A9 &3 IE 19olu}.

T o35% B oubge] o AAe] 1724 EDOT .2 A NFA(IFL-ED-4F, IDT-ED-
AF, = IDTT-ED-2F)ll th3t (a) IFL-ED-4F, IDT-ED-4F % IDIT-ED-2F & A] NFA,
(b) PBDB-T : IFL-ED-4F, PBDB-T : IDT-ED-4F, PBDB-T : IDIT-ED-2F H=#3} ¥ n}
ol E#= 2 (¢, d, e) PM6 : BTP-BO-4Cl1 (=), PM6 : IFL-ED-4F : BTP-BO-
4C1, PM6 : IDT-ED-4F : BTP-BO-4Cl1 % PM6 : IDTT-ED-2F : BIP-BO-4Cl1 #Z# 3} #

Akl &3 IE out-of-plane (00P) 1 o]},

I
T
i

g o] A AAJe 1724 EDOT H.2]A] NFA(IFL-ED-4F, IDT-ED-

4F, 2 IDTT-ED-2F)ell gt YA IDT-ED-4F ZE-o] 2D-GIWAXS sl 1§l o|t},

rlo

T 372 B g d HAe 17=A] EDOT H.2]#| NFA(IFL-ED-4F, IDT-ED-

4F, 2D IDTT-ED-2F)°ll th3t out-of-plane (OOP)ol A PM6 Zz] W] tfsht XRD 23}
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d g oln

(&S AAs7] A FAHA Wl

[0057) ¥ "o 21 1 A 504 thekst Wsks 7psk 4= 9lal of g

-

I

A AAGE HE S e o 5Y ANGES dAsta AsA A9stag

gk 2y o= BWS SAT AA FHd disl st = Aol oy,

Boabwgo]l Ay gl ) Weo ¥etets RE W #5E A HAES Eds)
T Aoz olgEofor gir}. E WS AWshe] oA #yE FA 7|Ee dig
TAAQA Aol E wge] 9XE Y 4 Jrtal #HE= A9 L AdAe AY
S At

[0058] g of A = 3,4~ A t] A AFo] Q.91 (3,4-ethylenedioxy
thiophene, EDOT) 7]%¥F A=A} W/HE fF7IRbeAe] A7 2 FAdo &3 o= 4l
T A-n-D-n-A T D-n-A 72 @i, F 4TS AT BEE RkeE F

A w97 seld FARAG. FBYF mu ;R L e F9 PBB-T,

K

PM6, 2 BTP-BO-4Cl1S AFg3sl9l o™ =9 Solarmer Inc.olA ¢ & AA glo]

ull

AFEE QL. o]9]o] 'y AFEHA &= 3, BRE FIEAELS TCIAA 7Y F
A glo] AFEEH AT
[0059] <2 Ald] 1> 29 RI-M19 A

[0060] 2= RI-M1: 7.7'-(6.6.12 . 12-H EgLE-6 12-t3}o] =2 olg| =

[1.2-b]Z=Z 0 #:-2.8-T] )0~ (2,.3-t]5}o]| =2 E]o| =[3.4-b][1.4] ] 2 A -5-F} =

vogs|s)e] Ax [ 1 3]
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[0061) Schlenk Zz}2~=olA] IFL o] (143.3 mg, 0.15 mmol)9} 7-H 22X

-2,3-t3}o| =2 E]o| = [3,4-b][1,4] ] S A-5-7} 2 B A H 3= (74.7 mg, 0.30 mmo

ol

J AZx

D<= sl

ot

EZa (11 ml)ol] &A1 A}, 2 15687 &7]3F 2 Pd(PPhs)4

(10 mol%) <} 2M KoC0s (5 m1)E H7Fslgitr. e 38228 71d

ol

)

7] &t

Fa Ne &

A ABAIZE E}F 90Tl uwk Stk Rbgo] g HW wky £dES = R

o

HEzzdg MOoR FE3UAT. F714e Festae Sibmtavaos Hdx A
Aok, 7St skl A &ulE AAST =, JFFES A2 Hxn)/MC = 1/1 (v/v)ES ZA7
Noz AlLste] A tA A" F2ulEag a2 AASY Y. 145.5 mge] R1-M19]
A uA 2 Aot (93.3 % ). 1H NMR (400MHz, CDCI3) : & (ppm) = 9.96
(s, 2H), 7.83 (d, 2H), 7.77-7.74 (m, 4H), 7.62 (s, 2H), 4.46 (m, 8H), 2.05-
2.03 (m, 8H), 1.16-1.06 (m, 32H), 0.79-0.76 (m, 16H), 0.67 (m, 12H). [= 3
aj.
[0062] <A A< 2> @&} R1-M2 (IFL-ED-4F)¢] A4

[0063] ©HA} R1-M2 _(IFL-ED-4F): 2.2'-((272.2'7)-(((6.6,12,12-H E &%

H-6,12-tslo| =2 Hx[1,2-b]ZFo -2 8-T]Y)H] A(2,3-Y 3| =2 E 9| = [3,4-

bl[1.4]195A-7 5-(du] (el ] dl ) B[ A (5,6-HEF 2 2-3-54-2,3-1

slE2-10-de-2. 1-gdyunyez -yEH] Az [= 1 F31]

[0064) 2F-IC (242 mg, 1.05 mmol) % R1-MI (145.5 mg, 0.14 mmol)S =

it

2¥5 (20 o) I (0.4 m) o] &) E3E H7Ho. ¥HES 65T

to
e

Ll Et AR g AN o RS

ot

2S gedon FRIZEE (L At 4

o
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7M. A AzvtEada 2 AH GAske] 170 mge] R1-M2 (IFL-ED-4F)& % S4)
T2 (83% &)ES AT, 1H NMR (400MHz, CDC13) : & (ppm) = 9.10 (s, 2H),
8.55-8.51 (m, 2H), 8.11-8.08 (d, 2H), 7.94 (s, 2H), 7.85-7.83 (m, 2H), 7.74-
7.66 (m, 4H), 4.63-4.52 (m, 8H), 2.12-2.11 (m, 8H), 1.24-1.08 (m, 32H), 0.83-
0.70 (m, 16H), 0.62 (m, 12H). 13C NMR (100MHz, CDC13) : & (ppm) = 205.2,
192.78, 186.46, 169.8, 155.3, 153.2, 152.0, 151.4, 143.5, 138.1, 132.1,
127.1, 121.8, 114.8, 114.6, 113.5, 106.3, 105.8, 89.0, 88.6, 84.7, 80.4,
68.1, 66.0, 64.4, 55.2, 43.4, 40.5, 31.8, 29.2, 22.6, 15.4, 14.1. MS (MALDI-

TOF) m/z : CooHooFaNaQsS20ll th sk AAFX] : 1463.85; 1462.155 2T}y, [ 4 2 5

o

al.

[0065] <A A4 3> 2™ R1-M39 TA

[0066] ®=x=m RI1-M3: 7.7'-(4,4,9,9-HE&Z7]|2~U-325d)-4,9-1]d}o] =

Z-5-Q1 A = [1,2-b:5,6-b' |HE] 2 #-2 7-T] ¥ H| A~ (2,3-T]3| =2 E]of| -[3,4~

b][1.,4]t]2Al-5-7t 28 AH 3| =)o AX [E 1 1]

[0067] 10-20 mL wlo]a =T R Z wHlo]<o| A IDT o] (209.6 mg, 0.17
mmol ), 7-H 2 5W-2 3-tslo| =R E| A =[3,4-b][1,4] T S41-5-7t 2 dHS=
(84.7 mg, 0.34 mmol), Pd(PPhs)+ (10 mol%)E 7ZF EF4 (10.0mD)o] =91 F 5
AL EATH. N2 158 T @71 F, vbE EFES 110TE 7FEshar 24411t
o %I, = YHES Qo=

Hxn / NC (1 0 1 v/v)E ARSske Ag7Ha A7 Aa=vtE Jg9= A &
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LS A ZFHz AASY Y= RI-M3Y & A 31 E 162 mg (76.5% 5
£)S Atk 1H MR (400MHz, CDC13) & (ppm), 9.87 (s, 2H), 7.40 (s, 2H),

7.33 (s, 2H), 7.16-7.14 (m, 8H), 7.08-7.06 (m, 8H), 4.40 (m, 8H), 2.58-2.54
(m, 8H), 1.60-1.57 (m, 8H), 1.30-1.25 (m, 32H), 0.89-0.85 (m, 12H). 13C NMR
(100MHz, CDC13) : & (ppm) = 186.4, 167.8, 157.7, 157.4, 152.5, 148.9, 144.3,
142.1, 137.0, 136.6, 128.7, 127.9, 122.8, 118.1, 114.7, 109.7, 101.8, 98.5,
70.5, 65.8, 63.1, 58.2, 53.6, 39.0, 35.7, 31.8, 29.2, 22.7, 22.6, 14.2, 11.2,
10.8. [= 6 2 7 Fa].

[0068] <A Al4] 4> @A+ R1-M4 (IDT-ED-4F)<] A

[0069] ©Hi#} R1-M4 (IDT-ED-4F): 2.2'-((27,2'7)- (((4.,4.9,9-HEZI|~

(4-ANAHd)-4,9-t3o]| =2 -s-A G A %[1.2-b:5.6-b' |HE] 2 #-2,7-t] & )H] = (2,

-t =2 x[3,4-b][1.4]HL41-7,5-t]d))H| 2~ Epd H 2] &) 1] 2 (5,6-T]

ZEow-3-94-2 3R -2 -gdgu) e yEede] gx [%

[0070] 2F-IC (244.4 mg, 0.975 mmol) 2 RI1-M3 (162.0 mg, 0.13 mmol)=-
ZEEXE (18.6 mL)F I (0.37 mL)2] &vljo] H7FsFAt. WS 65T 2

A wze Wi vl AEsGlth. S22XE (P& AMSste] A7t "E8 1

o

gz 2 GAste] 97.6 mge R1-M4 (IDT-ED-4F)E =4 Z4 B (45 % =
£)% 1H MR (400MHz, CDCI3) : & (ppm) = 9.00 (s, 2H), 8.52-8.48 (m, 2H),

7.63-7.59 (m, 4H), 7.49 (s, 2H), 7.21-7.10 (m , 16H), 4.55-4.54 (m, 4H) 4.44-
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4.43 (m, 4H), 2.60-2.56 (m, 8H), 1.60-1.58 (m, 8H), 1.31-1.21 (m, 24H), 0.98
- 0.86 (m, 12H). MS (MALDI-TOF) m/z : CiozHseFaNaQsSaoll Tt AXFX] @ 1668.07;
1667.64%5 zrtvt. [= 8 Far].

[0071] <A A4 5> 2= R2-M19 A

[0072] R R2-MI: _(D)-2-(2-((7-B.2H-2,3-TJs| =2 Elo|x [3,4-

bl[1.4]95Al-5-) W& dl)-5,6-HZFF L Z2-3-F4-2,3-Hsto] =2 -10-dl-1-<

duihgzryEede] Az [ 2 3

]

=1

[0073) 2F-IC (0.46 g, 2.0 mmol) ¥ 7-H 2% -2 3-U]slo| =2 E|lo| % [3,4-

b][1,4]t]SA-5-7t 2B ddsl= (0.5 g, 2.0 mmol)E &n E3IE
A7 54U, A8 (20.0 mL)S ¥ veS A AdsHA uwt Y. &£

o 7lelS Algsle] Zur]E Ea Azer oS R2-M1 (100% 4&)°] A %A
AAE AT, v @Al F=7F AAl flol ARSEAS U
[0074] <A X ¢ 6> @&} R2-M2 (IDT-ED-4F)] ¥4

[0075] ©HitA} R2-M2 (IDT-ED-4F): 2.2'-((27,2'7)-(((4.,4,9,9- HEZI|~

(4-ANAHd)-4,9-t3lo| =2 -s-A G A %= [1.2-b:5.6-b' |HE] 2 #-2,7-t] & )H] = (2,

-t =2 x[3,4-b][1.4]HL41-7,5-t] ) H| A~ (e H 2] &1)) 1] 2 (5,6-T]

ZEow-3-94-2 3 IEg -2 -gdgu) e yede] gx [%

[0076] 10-20 mL wlo]lA =3} HZE wfo]de] IDT =Zo] (209.6 mg, 0.17

mmol), R2-M1 (184.5 mg, 0.40 mmol) % Pd(PPh3)s (10 mol%)E& 7AZx =<l (10.0
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ml) £ @A N2 158§t 2718 F, vk TFES 110CE 7Hdsta 24
o FF3ck. mMAA Y=

(F& Selolom Atgstel Mesbd A9 Z=vie aduz gAstad. s

3| [ Zubo] olF] A ABF] R2-M2 (IDT-ED-4F) (95.0 % $&)° ¢U3l= 269.4 mg
= A Buks ooit)l, 1H NMR (400MHz, CDCI3) : & (ppm) = 8.98 (s, 2H),

8.50-8.46 (m, 2H), 7.62-7.58 (m, 4H), 7.49 (s, 20), 7.18-7.16 ( m, 8H), 7.11-
7.09 (m, 8H), 4.54-4.53 (m, 4H) 4.44-4.43 (m, 4H), 2.60-2.56 (m, 8H), 1.62-
1.54 (m, 8H), 1.36 -1.25 (m, 24H), 0.89-0.86 (m, 12H). 13C NMR (100MHz,
CDCI13) : & (ppm) = 186.1, 158.5, 157.8, 154.8, 152.4, 147.2, 142.1, 141.1,
137.0, 136.5, 135.9, 128.7, 127.9, 123.9, 118.3, 115.0, 114.9, 114.8, 114.7,
113.5, 112.3, 112.2, 67.5, 66.2, 64.8, 63.1, 35.7, 31.8, 31.4, 29.8, 29.2,
22.7, 14.2, 14.1. MS (MALDI-TOF) m/z : CiozHssFaNaQsSsol] T3 AAFX] @ 1668.07;

1667.625 Zth. [ 9 2 10 #31]. E35], TLCQ MALDI-TOF #Al A oAl & 4

[0077] <A Ao 7> GEZ} R2-M3 (IDTT-ED-2F) 9 A4

[0078] A} R2-M3_ (IDTT-ED-2F): 2.2'-((27.2'7)-(((6.6.12,12-H E2}7]

2 (4-F A9 d)-6,12-t] o] =2 Elof| 1= [2,3-d:2',3"'=d" |-s-QIThA| = [1,2-b:5,6-
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b' It g 3-2,7-t]Y)H] ~(2,3-Y 3| =2 E o %=[3,4-b][1.4]t] = A1-7,5-t] L)) H] ~

(repd el ) H] 2 (5,6-HEFQ 2-3-54-2 3-1]3| == -11-¢1¢l-2, 1-T] U 2]

s)deRryELS] Az [ 2 ]

[0079] 10-20 mL wle]A =3} K ZE wfo]do|A IDIT Zo] (239.7 mg, 0.17

mDol &3AI v F4S HAd. b2 158 5o &7 & F, g EFES
110C=  7kgdslal 24x3F &b wuksiglth. &=, E}ES st
sEHYUY. MA A AR ES (FE &Aoo Abgsiel dej7td A4 a=vED
o= GAst. &ulE 3d Sl ofs] AAste] sk 216.5 mge] HA &
2 R2-M3 (IDTT-ED-2F) (& 91.0 %)< <L3Uth. 1H NMR (400MHz, CDCI3) &
(ppm), 8.95 (s, 1H), 8.48-8.44 (m, 1), 7.98 (s, 1H), 7.63-7.54 (m, 3H), 7.23
(m, 2H)), 7.20-7.09 (m, 2H), 7.08-7.06 (m, 16H), 4.53-4.43 (m, 4H), 2.62-2.53
(m, 8H), 1.64-1.53 (m, 8H), 1.32-1.25 (m, 32H), 0.91-0.81 (m, 12H). 13C NMR
(100MHz, CDCI13) : & (ppm) = 186.4, 158.5, 154.1, 11.9, 139.7, 128.7, 128.5,
128.1, 128.0, 122.3, 120.4, 118.1, 117.5, 117.0, 115.0, 114.7, 113.5, 67.3,
66.1, 64.7, 63.0, 62.9, 31.7, 31.4, 31.3, 29.3, 29.2, 22.6, 14.1. MS (MALDI-

TOF) m/z : CsrHsoFaN2OQsSsoll thak Al4kx] @ 1399.90; 1399.14% &gk}, [= 13 2

14

atd

FaL].

[0080] <A A4 8> X R2-M49] A
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[0081] ®.-H R2-M4: (2)-2-(2-((7-P.2 5 -2,3-T]5| =2 E]of| ;= [3,4~

b][1.4]t]2Al-5-e W Eld)-5 6-UF 2 Z-3-24-2 3-t]s}o] = 2-1f]-01 dl-1-¢ 7]

=

Az yE"S AX [= 2 3]

[0082] 2CI-IC (0.52 g, 2.0 mmol) % 7-BZX-2 3-T]3}o]=ZE %
[3,4-b][1,4]9FA-5-7t 2B ddH3]= (0.5 g, 2.0 mol)E &1 &3Eo] FH7}sh

=

Ak, ol (20.0 mL)S ¥ WSS W) AFsA

rE
ol
o
A%
o
o
o
i
tlo
N
A
o
<

S AbgEte] Zur) s FaE ek v R2-M4 (100% &) AN A uAE
etk the @Al A F7F FAl glo] AR ATt
[0083] <A A d] 9> ©&x2} R2-M5 (DTP-ED-4F) ¢ ¥4

[0084] ©HitA} R2-M5 (DTP-ED-4F): 2,2'-((27,2'72)-(((5,5-H] % (3,7-t]H]

g 28 )-5H-U]E] o :=[3,2-b:2",3'-d] ¥ &-2,7-t] Y )H] A~ (2,3-U 3| =2 E| o :=[3,4-

bl[1.41t] & A1-7, 5-t] A D ul =~ (HEbd H e )]~ (5,6-T] F 2 2 -3-8 4 -2 3-T] 5}

ol=E-1f-¢ld-2, 1-gdeldgdEa-yEZH] AX [&= 2 Fa1]

I

[0085] 10-20 mL vlo]a =3} HZ wlo]do]A DIP 3o} (105.3 mg, 0.10
mmol), R2-M1 (98.8 mg, 0.20 mmol) ¥ Pd(PPh3)s (10 mol %)= HUZx EF4 (5.0
mDoll &3AIZ o F4S A, 2 168 &<t &7]8 & dks 23ES 110
C® 7bdstar 24412 &b wwtk siglvh. vgo=m, TS sl s=5A.
A A= (FE &eldoi Abgste] Aej7Hd A4 A=2vE 2392 A
sk, SvlE A SEell o AAste] Wk 106.7 mgel A E R

(DTP-ED-4F) (& 82.0 %)< <A<9cr}. 1H NMR (400MHz, CDCI3) & (ppm), 8.86-
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8.83 (d, 2H), 8.60-8.5 (d, 2H), 7.77 (s, 2H), 7.23 (d, 2H), 6.76-6.68 (d,
2H), 4.58-4.56 (m, 4H), 4.47-4.46 (m, 4H), 1.93-1.87 (m, 4H), 1.58-1.11 (m,
2H), 0.85-0.83 (m, 6H). 13C NMR (100MHz, CDCI3) : & (ppm) = 186.1, 158.0,
152.1, 152.0, 138.7, 138.4, 135.7, 126.4, 124.5, 118.6, 117.8, 115.0, 114.9,
113.9, 87.2, 66.9, 66.1, 64.7, 39.3, 33.0, 29.7, 28.0, 24.8, 22.7, 22.6,
22.5, 14.3. MS (MALDI-TOF) m/z : CerHssClaNaOrSsoll ©it A2bx] : 1301.26;
1301.55% zoktt. [= 15 ¢ 16 1],
[0086] <A Ad] 10> 2= R2-M69] A

[0087] X.:=H R2-M6: (B)-2-(5-((7-P.2 5 -2 ,3-T] 5| = 2 E]of| ;= [ 3,4~

bl[1.4]H541-5-) &) -3-cd-4-SAFolFe]d-o-deuh)Te - YEZ ] |

= [& 2

b

g

[0088] Rh-IC (0.386 g, 2.0 mmol) % 7-BERX-2 3-T|s}o] =2 ¥E|of|x=[3,4-

b][1,4]t)SA-5-7t 2B dH 3= (0.5 g, 2.0 mmol)S &v) E3Ed H7}srgc).

o EHS (20.0 mL)S ¥l 50CE 7FEstal wbg-

o

WAl AdsA wwstc. %

)
2g 2

o
ol

Abgstel Zu71E gell ek v R2-M6 (100% &) 78 23
2AE FHEF Y. g2 dACA F7F AA glo]l AFEE AL,
[0089] <A Al 11> ®xv R2-M79] A

[0090] 2= R2-M7: 5-((7-HE2H-2 3-ys|=2F % [3,4-b][1.4]H%

A-5-eh)dEa)-1,3-teH-2-E| A3 =29 2] v] -4 6(1H,5H)-t] 9] A x
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[0091] BA Z%t7] (0.40 g, 2.0 mmol) % 7-B 2R -2 3- U]3o]=ZE]o =
[3,4-b][1,4])&Al-5-7k2 B HE| = (0.5 g, 2.0 mmol)E &vl EF=l FH7ts)

Fek. olEE (20,0 mL)S Y¥ia 50CE sEsta weS v A-s)

El
a8
ol
O
_il
(ot
o
M
tlo
N
N
°
tlo
S
>

2l Sotel Z2w7|E S o33k o= R2-M7 (100 %
FE)o % 8 IAE FHSAY. vs dAlA F7F AAl flo] AREE A

[0092] <EAJd 12> 3,4-ddAYSAALo] Q3 A¥o]A 7wk Az} A&
FNEA Y A HA, A 2 &8 ¥ FHAEIRE 2= Y FE A

2, AFY AEHNA A ' 24

[0093] H#] A FERD I g4l 9H4d FER2)S] ¥

[0094) A7|A FHEukst A2, IDT-ED-4FE& AdsH7] fs8l 4 FE 1
22 Rl 2 R2)E FHF Holvh, AFAHQN FE FEQI Rlez HFAHo=
Knoevenagel &% Wg3S F3d A IFL-ED-4FolA = F AAEo] IFA A1
IDT-ED-4F2] 749 27] ol HAAE T oAdAAZE 72 AP, oe &

g §92 Qe 299 29 aEvEadE gAA dugom 44

fl

kd

=

u
| Y

= AL w9 ofHA k. 2 A 45%9] e &3 <=2 R1-M

ol

2]

i
M

(IDT-ED-4F) (F 2 9A, F 34.4% T5)5 4/ dv. ol¥s TA= &4 FE
R22 943 sAddct. U AAEAIE, EDOT 23 o)A (spacer)E 2-(5,6,-U &+
2E2-3-242 3-H3E2-1H-d-1-dghHE2YEZH (2F-IC) = e Wy

Knoevenagel %8S Wx 483 ¥ =y HUE €7 F:ol9} Stille C-C AZY

ol
)

B

[eliKe)
Hpoo =

fina [}

FH o7 MAHES FA3tl. o] Knoevenagel %3+ A] IFL coreX

f
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o Agigdos e Fw-old(quinoidal) FFRE ZE= IDT FZojo| EDOT 23 o)A
(spacer)7} Hado] wa} WS =% mesomericdlAl ECFG3I A2} 370 EFolA
g ghgo] mobAaL FA7] stelld Srdel H7 Dopyt HuteS sk V)=
R19] FAIHE Aol Apdsts wgeolth. R2olA+= Knoevenagel F3HAl 44A71E
2 ggal, Bup 3 gl das SviE AR&ERe] 100% THbe ageER
TAHAE e v B3 2F-IC B fFUEES 7] RlIA By Ao
A 19y ARsH] witel vlgo] Aoy Aol vk, Lo Ax R2-M2 (IDT-

ED-4F) (& 2 94, & 95.0% $5)E 95%9] =& &3 =2 Jd8 £ QA =

[0095] EDOT 3 o] MollA 2 A R A(IFL-ED-4F, IDT-ED-4F 18]l

—

7

M

IDTT-ED-2F) 2] DFT AAF A3} vlw F4] [& 20 a1

3

tlo

Zbe HE

[0096] EDOT =30l o] #Ad A4S eldt u AL

J{m

Al(Q1/o}2-), YHEA-x3E EHeodHAd A x-A FRES HWLV]e oE
(density functional theory, DFT) AlAFo] 7F$-Al¢F 09 3 7]#]¢] B3LYP/6-31G(d,p)

gz AeEc). Me(in/out)OT-2F, DMOT-2F 2 EDOT-2F¢] HZA 7]stahad njg <

,

25 0 o 7M7b¥ dihedral angle2 7FA 2F-1C9} %<& HWAS YellAwE 22
Elo] ogx#] golu} %= RWE (dipole moments)oA] & x}o]E HIt}, AA
Aol w2 M=) v =M= Me(in)OT-2F, Me(out)OT-2F, EDOT-2F, 2MeOT-
2Fo] ™, LUMO levelo] ¥ =A% Me(out)OT-2F, EDOT-2F, Me(in)OT-2F, 2MeOT-2F

ojth. E&A2 NFAs+= @2 =S zhe= Ao f-Fx=% LIMO e A
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3= Aol FQstty. T3, D-A Qg H o] 2o A A3} carriers separatione Fal
Ragd £ RS £ T RUES sbdokth ol AHES YA B
o, w-A TFFZZA EDOT-2F Z3to] 7Fd HEst A= YUt DFT ALt ZHA
& FAES E 19 okt
[0097] [ 1] m-A F-%° th3+ DFT AL 23
[0098]
Model o, ELumio Eromo Eg o
compound I [eV] [eV] [eV]
Me(in)OT-2F 01 -3.349 —6.230 288 494
Me(out)OT-2F 0.2 -3.086 —-6.135 3.04 .65
2MeOT-2F 0.3 —3.223 —6.347 312 6.05
EDOT-2F 0.2 -3.152 —-6.211 3086 669
[0099] & H A ©@¥=}, IFL-ED-4F, IDT-ED-4F, —z¥]a IDTT-ED-2F¢} &
A Pz wrk U AFE AR FAFAT. 4714 7 B AHe

Ar ARE Fol7] 98] dWE7|2 A ALrs wesdvy. WA, IDT-ED-

AF9} IDTT-ED-2F= EDOT-bridge’} =d =l wat 61, 62, 63 2 049 2Wz &

0 WA o vl #2 gE 7P w2 WguES YEiy. v, IFL-ED-4F9)
A% 02 % 6394 20.5° o 2 9 (tilting) e 7 B o vk Fuw
= YERY. o= EDOT-Z3o]M et M2 v kU 3o Apool M mlE 293
&7 (conformational locking)S zte AxR7F A5 &Fgo] zlo|7} 1pr] wji-o]

o Hs ARAs] @sbd IDT, IDITS] -5 1Ak EDOT# S+ - -0 # 0- - - H
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2
fol
0y
op
tlo

o

4 ol Wb TFLe] A% 0 - - H gt shssith. mebA o]

% lockingS 718 4 A+ FHZAIEY 1y

Ll

Fae] 2= =Y mo] FUES

s o] ¥& WWE BOT-E3A WFAsE A% o Fad 2o 4 5 9

=
=
>

bl frontier oy ##E& & ufj [FL-ED-4F, IDTT-ED-2F, ¥ IDT-ED-4F
TOo = WE=z4o] Zrolx|m IDTT-ED-2F, IFL-ED-4F, ® IDT-ED-4F o= %2 LUMO
s 7HHY. 53], D-n-A typed IDIT-ED-2FY 4% A-n-D-n-A F+X& Z&

IFL-ED-4F % IDT-ED-4Foll ®]3l ¢kt F4-F A|2ES 714 AdA ez Az} i

2 ol 93] conjugated backbone WolA wWLE A3} o]Fo] e AUAS A

N

o,
o2
ko
g,
[t
1o
o
—o

=l
IDT-ED-4F7} 7} 3 Ty Fol¢9} A s= EDOT-AFH o)A ¢ €88 zk= [FL-

il

ED-4F7} th&olm, Bty x5 zbe IDTT-ED-2F7} 7H¢ &2 s depich. ot

i

g =Y mEAS GRAEL AE A FEG B4 44714 258 94T 7

1 =—= [e] =
¢ digor 2 ¢F RUEE A5Es G854 A3 0¥l ssd ol

DFT Alabel ARAIRE =252 3% 200 f.ofskqlnt.

[0100] [3% 2] EDOT E2|® @& =] tjst DFT A4k A3}
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S|
“=

[0101]
Model compourd i f  f G WP e ©
IFL-ED-4F 01 205 205 0.1 3_2_04 5.;85 228 363
IDT-ED-4F 01 1 1 0.1 3.2_60 51_91 193 0.97
IDTT-ED-2F 01 04 - - 3_551 5_60? 186 1229
[0102] <A A 4] 13> 3,4~ S A A}o] .71 (3,4-
ethylenedioxythiophene, EDOT) 23|04 7]¥t A} W& F7]vt=He] &84
AA, &4 2 & 23, F3F 2 AVEH 54 4
[0103] WHtAEe] d4 54 [= 21 4 22 1]
[0104] € FF ¥4 (1GA) 23} A SGEA(IFL-ED-4F, IDT-ED-4F —1g]ar
IDTT-ED-2F) el tfgh 3] 2% Td (N5 TF a7 5% dAsts 2%2)7F ZF
205C oS FAdrk. o Al & EF FUIHEAASY Fe 7] dA &8
wokel A& Thsd d PSS BT, wek AR FAF A (DSC) SA S
3 A FEREY 2484 5A4S ARt WA, [FL-ED-4F+= 155.75C¢] 2
A3zt 2% (To)E Belew IDIT-ED-2F¢] AAst gy (Ho)w= 11.74 J gt &1 wh
W IDT-ED-4F=  25-250C  AtelolA =g 4 Hol7b YA LTt
S FA%E, IDIT-ED-2F% TcE Holx| ¢kl 200.17C< g3 2% (Tm)$}F 5.90 J
(Hn) g' ¥F #ZHJAY. o]= D-n-A F+Z22A 8|3 IDIT-ED-

Hs A== 22 A4S PAska AT 200C F2
5 Ao g Wl 250C WolAd w&

&3l Ay

2F7F DSC Aol A & = A

NHE 94 Hol7} dojipEa d& wE
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S B W D-n-A 727 An-D-n-A FRERT ddtow BerAd dHdE
AARRITE. S Aol di g ARAIRE W82 & 30l 8.of o] Tt

[0105) SFA=9] FeA-A7|s1e4 EA [= 23 2 24 ZHa1]

[0106] IFL-ED-4F, IDT-ED-4F, = IDTT-ED-2F2] EODT-bridged NFAs®] A|Z};
A " A7]|stsld EAo] W-vis w3H 2 3 ddFH (cyclic voltammetry,
CVell 93l A¥ Ay, 2+ EDOT-bridged NFAs+= 300-450 nm 2 600-900 nm -7
oA 278e] EE F4 =S AFHoE YA ol n-nx do] B AR
AR olF (ICDe sFE . o] 500-650 nme] ¥ 23 FF WM=E 7}
A== PBDB-T % PM6 T F&Ae} AsrgAolth. & A-n-D-n-A %9 IFL-
ED-4F % IDT-ED-4F ##} =5 <F 640 nme} 750 nm H-ollA 22z W Est &0 3
A7F B Mo olu] AA-organization S5 WERH= W D-n-A T
£9] IDTT-ED-2Fell M= o]2 3k &5 & HolA &Fsktt,

[0107] NFAse] #A} &= coefficients (e )7} TS FTxo SZIZ¥YE &
M 10° M orderZ UV-vis Hl°o]¥ 2 Beer-Lambert AAS 3] AxtE A, 23}

Z o = TFL-ED-4F 3 IDT-ED-4F¢] Ho| e+ 242 1.52 X 105 M! em? ® 1.73 X

rol

105 Mt em?o 2 Fd Y NFAsy HZstAY 2w =2 &S Uehdld. 28y
Zo] gp-A 7o HFAZ IDIT-ED-2F+= & F NFAsH. Y} 1 magnitude A% e

e of 8.55 X 104 M! cm'E YEFWTH. IFL-ED-4F, IDT-ED-4F, 3 IDTT-ED-2F¢]

£

NFAs & AEHldA = Hd &4 3ol 242 14 nm, 34 nm, 2 16 nm= A A3 4

8 Wol2 ek, ol ;A EelA ¥4 FrEol Wi ARPel wet J-
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aggregatesS FASH Axel #yo] v}, wEre] &= onsetol A AAbE IFL-ED-

4F, IDT-ED-4F, 2 IDTT-ED-2F¢] A|Zt4 W=7 (Egopt)< 1.67 eV, 1.42 eV, 1.49

o,

2= E
T =

ok

eVE FAFE AlEZolA dolEel Aol At} 53], A FE o
of W= NFAse NIR J971A4] §& 3 57} 7Fs3 IDT-ED-4F, IDTT-ED-2F, %

[FL-ED-4F <o & Jsc7} A5 4 9k, Ay, 25 NFAsS 1.79 eVe} 1.80 eV

o We WMES ZbE PROBT % PN6S] E4 sbguish HEmeE AZA 54
& B Wl A NIRIHAA He ~AEdel A 8 583 F4A = v,

o

[0108] th&o= NFAse] ZEE[o] oA #EE Zpzhe] Abs-ghel =4l
ZRE ALrE Y. NFAs9] Al4xkEl HOMO (ELUMO) 2 LUMO oy =] ## (EHOMO)- 2t
7} onset AF3} ¥ ElD (Eoxonset) 2 3+l ¥ ®ld (Eredonset)ol] Ao sF7] A7)
sheha] WA Alol] o] dojxitt.

[0109] EHOMO B+ LUMO = -4.8 - (Eox H+ redonset — E1/2, ferrocene),
o] 71 4] E1/2, ferrocene = 0.46 eV (A% ©lo]g]).

[0110] 23} =, HOMO & LUMO levels of IFL-ED-4F, IDT-ED-4F, % IDTT-ED-
2QF2 ZtZy -5.71 eV & -3.84 eV, -5.38 eV & -3.88 eV, % -5.47 eV & -3.81 eV&
=, IDIT-ED-2F's HOMO trends Al¢|étali= DFT AlMbA et £2 AAEE Y
o, AAZ D-n-A 732 IDTT-ED-2F2] HOMO #|®o] ] Z1-& o]f+= A cloud”}t

conjugated backboneol] HWrA o7 Rrmjo] orA4sl A

i)
iy
rlo
kr
AvS
ofN
ot
__>?1_‘4‘
o
Flot
ot
i
=) =
(Kl
i
Au
9
K-
AvS
N
v}
e
rlo

NFAs7} PBDB-T % PM62

well-aligned® Aoz JoAEH o= JFE&HA Al oES Az},
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F7FH 0.2, open-circuit voltage (Voc)= IDTT-ED-2F, IFL-ED-4F, 2 IDT-ED-4F

To2 F7FAY, 28y, IDT-ED-4F 2 PM6S =%<] 79 HOMO =1 W] -0.07 eV

2 HOMO offsetS WHAAF T, 822 e driving force’} EF &3St 78}
239 FsAe we Qo Rt FRA AZ4H ¢ dvse 548
30 w5k},
[0111] [3% 3] ©At=9 =24, Fetd, d7|stetsd 54
[0112]
275 =5 Bes 54 H7|sies =4
(TGA Z DSC) (Uv) (cV)
s gE
NFAS _—
G Amax E ] Arax EF Y B Fuowe? Ead™® Gums?
FCl - ;- e Y /R I A
Amax [NM]
46619
(320,
IFL-ED-4F 410 :ﬁ i oo 380, 67 137 -571 -050 -384
e 53?' (368) 651 ' ; : : :
152672
(B37)
33204
IDT-ED-4F 373 g, (X Hx g 104 -538 -046 -388
751 173719 785
(751)
22120
IDTTED-2F 295 S, (399). W s 113  -547 -053 -381
e 711 85585 727 ' ’ ' : :
{711)

P
mlo
T
ol
fo

st x|z Ao A 5% =4 &%, » baselindol Al & ~HE
Ho] Fo oA ox A EAE Aoz AAE; 9Fmwo or Lo = —4.8 = [Eox or
reqonset (VS. Ag/AgCl) - El/z(FC/FCJr VS. Ag/AgCl)] (EI/Z(FC/FCJr VS. Ag/AgCl) = 0.46

eV).
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[0114] <& A ] 14> 3,4~ A A ALo] 2. H (3,4~

ethylenedioxythiophene, EDOT) 23|04 7]¥t A} W& F7]vt=Ho] &3
AA, &4 2 & F7IHEAA AF

[0115] SR ES] o]FA A T% FU7IEHEHA Ax [= 25 Fal]

[0116] o] Al WHEAES] FdA] 5S4 Qs © A =(IT0)/otA %
AR =(Zn0) /B4 T/ E2 Brl S| = (Mo0s)/Age] RWHA device TF-ZollA] ZAFE S
om, o7|4 XS binary blend® PBDB-T =19} NFAsE %3531 H|E&, &
W, H7HAl, 2% 5 WAste HAstdv. 4, IFL-ED-4F¢] “3-%- PBDB-T:IFL-
ED-4F=1:1 (wt/wt) 0.5 vol% Y °e|= (DPE)e] S==2®A (CB) 0.5 vol% &
oo 2 AzFE XA A 7.5%2] PCE with 0.939 V€] Voc, 13.6 mA cm?2¢] Jsc L
I 58.2%2] FF2 UEbgth. Aoz =8 Vocol Hhal A 23 Jsc2 10% o] 49

naES 4T . o= BEQE FAelA &= & 4 9l5ce] IFL-ED-4F7} PBDB-

fifo

T a&d2e] F4 4993 el gl wat & NFAsoll Hl3] B o] ko]
Aol 7] ok, wbH | 1.42 eVE 7P e wMl=S zh= IDT-ED-4F 9
7% olu] EFeA By upe} zro] PRDB-T wExpel #3 @ A7tz ow #
5o 0.2 vol% 1,8-diiodooctane (DIO) -8-1¢] PBDB-T:IDT-ED-4F=1:1 (BOo.Z
A2 Aol Al 22,1 mA em?9] ol B Jse®E FH 10.4%¢] PCEE e

3], BQE Aol B 4= gl5%o] 300014 900 mm7bA] W $ES How Ty s}
A4 E el Hdiste s Fol A B oF 75%] HH g EQE gho]l @A Eo] &4

9 3 L As FPel AFe FAWY, vpATe R D-x-A Fx DT
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ED-2F 7d-%-, PBDB-T al&A}e} AH Al F54 E4 W 2 AHE frontier energy
levelsS 7Aoo % Eslar 1.5%¢ 7F4 w2 PCE with Voc of 0.906 V, Jsc of

5.1 mA cm?, % FF of 31.8%% 4YEW

n

tFEe] D-n-A TE4 organic
chromophores<  dye-sensitized  solar cells (DSSC) i) A facilitating
photoinduced 73} separation E5A4S zZt7] wjFo WA =Y Z A9 sensitizer®
A Bol dATHEAT. wEbA IDTT-ED-2F9 =U=A FAgs gRlsty] &)
[6,6]-71d-C71-F-E] 24k wWlE o ~el2 (PC7T1BM) E7leb 1112 &3kste] (BE 4
A2 Az 1 A3 0.4%] B $h Voc 0.801 V, Jsc 1.9 mA cm?, B FF
27.2%2] PCEE Ye}yllar, IDTT-ED-2F= A} donatingX®.t} accepting E43°] &+ H
T2EA Aol FAHAT. dubdow, Ty B WIRS] compatible oA #|
e gE 0S5Csell FrAolar o= a&A A ol 9 ElossE FHAsIshd
d2loltt. b4 OV #A41S F3 dol nkel o] PBDB-T} NFAsZF blendsol A
Ty 2 w7 Alo] LUMO offset energye IFL-ED-4F, IDT-ED-4F % IDTT-ED-2F¢l
sl Zz+zF 0.30, 0.34, % 0.27 eVolal; WA HOMO offset energy: IFL-ED-4F,
IDT-ED-4F, =2 IDTT-ED-2Fe]l th3l Z+7}F 0.38, 0.05, % 0.12 eVO =, exciton
dissociation @ XUy = WA Alolo] Az} o]fo RSl H+E, energy loss
(Eross) 7} device®] photovoltaic performanceS H7}sl= d 83 gFug = o
AA L Q. Elosss= WA A Eioss = Egopt - eVooll A 8 4 d+=d o] 7|4 Egopt
© =y 9 EAe FHA st wegdojny. i 4ol yERd wRe} o] IFL-ED-4F,

IDT-ED-4F 2 IDTT-ED-2F9] Eloss= 0.711, 0.540 2 0.560 eVZ AAIE AT}, o] &
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Tl nEE BA=e] HlE] oux &ado] £ <l IFL-ED-4FE A9 e T
R A2"E2 vA AlolE T8 FAA Hes FUE FEAE ARV de
S ok % vk, ARt PA IV B4 o 3 Gs (EE hE A
S S F 40 theh 9

[0117] SR ES] HAAAFA A % F7IBSEHA Ax [E 25 FHar]

[0118] F7}A o2 EDOT-bridged NFAse] AMAE EA 2 A 8L Feolst

O

71 S8l s IS 2FA PM6:BIP-BO-4Clell 77t =<iskelch. PBDB-T¢
At WEAO] PM6w NFAs¥ & AF|Edo] M2 Hebdolnm A4 " AAE
AZets Aol TwEE slo|th. Ed NFAsES 1.34 eVe] Wi=31S Zh= BIP-BO-

A1 BASE W BHA FFE AT 7] e AR BFAA AL

mfg- e Aelvt. webx A Bd= dEE2 300 ~ 950 nme] H2 ~¥ER W

v

PAF ANS FAA7E | 0

rlo

AE AWSY, o= F FIgS FATIAL =
g2k Zgoltk.  IT0/EZE (3 4-dE AT SAHoM) E(LEHAEZYE)
(PEDOT:PSS)/PM6:NFAs :BTP-B0-4C1/2,9-bis  [3-[[3-(H & o}r] i) 22 Joln] 1z | 3
23 ]-9t~2H2,1,9-def:6,5,10-d'e'f' o] AF=H-1,3,8,10(2H,9H)-EH| E =
(PDINN)/Ag®] EAFA device %l 7]Wks}o] photovoltaic performancesES 23}
ATk, HAst HAL DI:A2:A1 WIS, EH thermal oJd® 2= FPqTt. &
£ blend ZEo] 57 100 mmol A 4 3}= AT},

[0119] A3} & o= 7] PM6:BIP-BO-4C1 1:1 blendoll Z+Z}e] NFAsS 10%

e EYdEAe W P maEQl 3R SA4Es dEbltk. WA, IFL-ED-4F7F
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HeEor =99 A%

Av)

S

|3~ &8 (Voc 0.838 V, Jsc 24.1 mA cm-2, % FF
71.5%2] 14.4% PCE) thu] 2FzF 713k Voc 0.851 V, Jsc 25.2 mA cm?, 2 FF 68.5%
o] 14.7% PCEE YelSich. IDT-ED-4F7F =€ Aol Vot Jsc7b 242 0.852 V
S} 24.9 mA em?®E AZE AEHAN AR o R 7H4F FF wiol 14.4%9] PCER %

a3t g8 ekt vpx|wro 2 IDIT-ED-2F7} &£3% blendol] A= PBDB-T 7]wt

o

o] o] AR i Ay} e 9-He= 2] Voc of 0.849 V, Jsc of 25.2 mA cm-2,
2 FF of 71.29% 7F¢ =2 15.2%9] PCEE @4 3th. 8.oFstd, IDIT-ED-2F, IFL-
ED-4F, 9 IDT-ED-4F +o2 A%o] Z7lglon, Fx oz muol HOMO
level®} AAEE9 LIMO levels Alolo] oAz zfo)e} 4w % FstEA] o gL
B v Z¥ ¢k 0.012 WA 0.014 V 7} Z7hsk Vocst 37 0.8 WA 1.1 mA em? &
7bek JscgtE wWlEolth. 53], EQE 59| integration®EHH ALtE Jsc g
J-V S Wl #28 Jse @ £ dAEE B AAE 500Ut o]HE w2

g2 =Y 0D 2 F 270 (A1 3 A2) ApofellAd HZ3ke HOMO 3 LUMO o A~

o

offsets z}o] W HA3Z}HE Eiossoll A k71" 4 9o A&} carrier separation &
£9 F7F= op]gd.

[0120] 7} Y Egopt©l onset & 925 nm % eVoc = 0.838, 0.851,
0.852, % 0.850 eVollA PM6:BTP-BO-4C1, PM6:IFL-ED-4F:BTP-B0-4C1, PM6:IDT-ED-
4F :BTP-BO-4C1, % PM6:IDTT-ED-2F:BTP-BO-4Cl1S 93t Edl=ol A 2] BIP-B0-4ClE&
3 1.34 eVl AL 318 38}o] Eiesst= 0.502, 0.489, 0.488, % 0.490 eVZ A4t

At Rl A

b

EH 52 Eioss a6 70 0.7 oA 1.0 eV "ol AATt.

rlg
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a2 2% EDOT-bridged NFAse] =92 @A celldtt 7+ 22 Eloss #k
0.488-0.490 eV Yol ¢ =2 &3 AlFsttt. o A &3] PM6: IFL-ED-4F :BTP-

BO-4C1, PM6:IDT-ED-4F:BTP-BO-4C1, % PM6:IDTT-ED-2F:BTP-B0-4C19] Eiossv= Z}2}

—

[

2]

device®] EQE 4ol 0.489, 0.490, % 0.488 eVE Alxkd 4= il o]
onset S50l A 1.340, 1.342, ¥ 1.338 eV ¥ 3}¥ Egoptol 7|<ldlt}. ol ¢
S characterized photovoltaic 23¢9 FF Edl=9} B} 2 AdX3E= o= HOl
o HAstE Ao J-V 54 o5 A a8 (EQE)ol wig A sevEE

o & 4 rhe} 9]

[0121] [3£ 4] HA st | 7} =7 gk Witz 7|8k F7l e Fd Ao g
T
3 A=
[0122]
Vs i FF PCE e/ PCELY [
Active layer "
M [mA cm™] [%] [%] V]
PBOB-TIFL-ED4F = 11 0.939 13.6 58.2 7.5/7.3019 07N
PBDB-TIDT-ED-4F = 1:1 D.884 221 53.0 10.4/10.20.18 0.540
PBDB-TIIDTT-ED-2F = 11 0.006 51 31.8 1.5/1.2027 0560
PMEBTP-BO-4Cl = 11 0.838 241 715 14.4114.10.21 0502
PMEIFL-ED-4FBTP-BO-4CI = 1:0.11 0.851 252 68.5 14.714.50.21 0.489
PMEIDT-ED<4F BTP-BO-4CI = 10.11 0.852 249 68.0 14.4/14.20.22 0490
PMEIDTT-ED-2F BTP-BO-ACI = 1:0.1:1 0.850 252 713 15.2/15.00.18 0.488

12812 3t PCE k-2 10709] HHA cellol Al ALFEATE. P Eioss = Eg
(from EQE curve of each optimized blend) — eVoc.
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[0124] <A A4 15> 3,4~ @A) & A|ALo] @ 3(3,4-

ethylenedioxythiophene, EDOT) A3 o]A 7|8t A} @)L F7|9tEA Y F&49¢

AA, T 2L $8: A =5 4
[0125) @ FA=9] Al 5 EA [ 26 WA 29 FHa1]

[0126] 2= NFAs=7|%F blend FEoNA ] =y B WIf Afele] sl ofF
EAL  device performance® 7]o1E A3 slr] Y] FAlEoloF  Er).
Photoluminescence (PL) SH& AR o]F Ex ZHIF dyx] dolg YFsh=t
A g =Fo|t}, I8 == pristine (PBDB-T, PM6, BTP-BO-4Cl1, PC71BM, IFL-ED-
4F, IDT-ED-4F, B! IDIT-ED-2F) = HH3std == (PBDB-T:IFL-ED-4F, PBDB-
T:IDT-ED-4F, PBDB-T:IDTT-ED-2F, IDTT-ED-2F:PC71BM, PM6:BTP-BO-4Cl1, PM6:IFL-
ED-4F :BTP-B0-4C1, PM6:IDT-ED-4F:BTP-B0-4C1, = PM6:IDTT-ED-2F:BTP-B0-4Cl1)<]
e Aol el 22 3.

[0127) Z+2F &4 & 530 nm 2 630 nmol| 4] o 7] (excitation) & S wf z+z+
600-900 nm % 650-900 nme] W]l A pronounced PL &S HI{T. EE EdU=
o ] PL quenching W& (PLQ)- 700-850 nm W ollA] 23] w29t} PBDB-
T:IFL-ED-4F, PBDB-T:IDT-ED-4F % PBDB-T:IDTT-ED-2F¢] binary blends®] #3l, &=
U Al blendZ (D—B) Z2]al W7ol blend (A—B)Z ¥3d}i= PL emissione F
Ao R AAHAY. 27 70.6%, 78.6% L 44.9%2] PLQD—Bs of 62.4%, 81.2%,
-35.5% (530 nmol| 41 9] excitation =) % 77.0%, 89.0% % 46.5%<] PLQD—B L]

a1 38.8%, 40.8%, % 28.9% (630 nmol| A 9] excitation Z7)2] PLQA—B.

89-49



2021-05-20

[0128] ©]+= photoexcited A3} 7i&]e{7} PBDB-T:IDTT-ED-2F, PBDB-T:IFL-

ED-4F 3 PBDB-T:IDT-ED-4F¢] =AM A1§l Z}7}e] counterpart &=#ol 2 o]du =] X

S om|skt}. IDTT-ED-2F2] 74-%- PBDB-T donor E.t} PC71BM W7o} =3HslS u

A4 w2 PLQ valuesS YERWEd, ol oo Ax Ao} o] IDTT-ED-2F7}

electron W/H=A FEo] Hi= Zlol AAFE HAAFUY. 53], o A=

photovoltaic A =ZFE 9] Jsc Zk % 1 EQE wF&3} =& AAAS vely A3t
2] o] recombinationd} AFE o] gl

[0129] t}&©o = EDOT-bridged NFAsol 7]4¥F8F RE=  ternary blendss

PBDB-T-based binary blendsol|A] ®.t} A& oz =2 Pl valuesES EFWHTE. o]

PEN= Wl M2 & 1A=

ki

+ PM6:BTP-BO-4C1 x%oll NFAs7}F A|3e] A8 A=

I A E-EZ Al o]so] Y& dojdsS uwsit). |E AujA <l DI:AL
blendol] A27} F718 o x =99 u FAEE 7F cascade oy A d¥ alignment

545 7= Aol Ash ols FWelM THE ol dHd & dnk. ZEE] YA

g =mol| A IFL-ED-4F¢} IDT-ED-4F7} =¥ ternary blend systems THA &

d

A energy level alignment EA]S zZEx|9F Z}zho] A2-A19F D1-A2 Aol A

12

AE HOMO offsets2 zt7] wj&ol 'Hole back'¥® & charge recombinations

—

ek 4= 9l Wb | IDTT-ED-2F 7]4E] ternary blendol A& 2z AEE2] HOMO 2
LIMO @ Afojol A &% 2 AHw cascade energy level alignmentES & 4d3}o]
284 st o]Fo] rbestth. 1 AY, 0% SvFAIE IDIT-ED-2F-7]¥F ternary

Ed=9 PLS fFYstAl A= AAH=E 4 9o exciton dissociation®] ternary
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system ol Hi= @A AS owsr}. 53], PM6: IDIT-ED-2F:BTP-B0-4C1 2]
#Hustd PLQD—B % PLQA—BE 530 nme] excitationoll Al Z}ZF 93.5% 2 93.0%
(PLQD—B) 183 90.8% % 90.0% (PLQA—B)o]ATE. ©] ZH¥k= HOMO 2 LUMO

offsets @ oY= 229 £& 528 Hol= Aoy, o= 7} HAFHE deviceE

¢+  photovoltaic IFEng e AFE e, A A5 X 59 69

LEFAT
[0130] [3£ 5] HA3td EdEe] F vd P9ud £
[0131]
Active layer {@D’i%ﬂaﬁa} {@OI{%E]%E {@fi%?.ﬁa’ {{é)oi%am
[%] [%] (%] (%]
PBDB-T:IFL-ED-4F = 1:1 70.6 62.4 77.0 38.8
PBDB-T:IDT-ED-4F = 1:1 78.6 81.2 89.0 40.8
PBDB-T:IDTT-ED-2F = 1:1 44.9 —355 46.5 28.9
IDTT-ED-2FPCBM = 1:1 24.7 13.0 -194.2 30.0
PM6E:BTP-BO-4C| = 111 85.7 79.6 741 63.1
PM6:IFL-ED-4F:BTP-BO-4C1 = 1:0.7:7 93.0 90.0 88.8 84.0
PM6:IDT-ED-4F:BTP-BO-4C] = 1:0.1:7 87.6 82.3 78.6 69.5
PMG:IDTT-ED-2F:BTP-BO-4C1 = 1:0.1:1 83.5 90.8 90.5 86.5

2l T (D)RFE EA= (B)E &3t photoluminescence WA HIE
(530 =+ 630 mmellA  of7]); P ®) (AH)RFE Ed9= (B)E gk
photoluminescence 3 H]& (530 =& 630 nmoll Al o17]).

[0133] [ 6] HAst ¥ =] A ¢ @I
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[0134]
LUMOgs g HOMOp s LUMOiz HOMOprs  WUMOwpa HOMO;QB;;
Active layer offset® offset” offset’  offset? offset? offset”
[eV] [eV] [eV] (V] [eV] [eV]
PBDB-T:IFL-ED-4F = 1:1 0.30 0.38 - - - -
PBDB-T:IDT-ED-4F = 1:1 0.34 0.05 - - - -
PEDB-T:IDTT-ED-2F = 1:1 0.27 0.12 = = = =
IDTT-ED-2EPCHEM = 1:1 0.53 0.29 - 22 = =
PM&E:BTP-BO-4C| = 1:1 0.44 0.21 - 22 = =
PME:IFL-ED-2F:BTP-BO-4Cl = 1:0.1:1 = = 0.19 0.26 0.25 —0.05
PMEIDT-ED-4F:BTP-BO-4C| = 1:0.1:1 = = 0.23 -0.07 0.21 0.28
PM6:IDTT-ED-2F:BTP-BO-4Cl = 1011 = = 0.16 0.02 0.28 0.19

Ol L0 W) A1 Y U R WA Aol o] HOMO el )

[0136] THEE 7)u SOl AR S AsF =

by
Li{m

A [= 30 3har]

[0137) F7}=, ¥ wtwgx}+= PBDB-T:IFL-ED-4F, PBDB-T:IDT-ED-4F, PBDB-
T:IDTT-ED-2F, PM6:BTP-BO-4C1, PM6:IFL-ED-4F:BTP-BO-4C1, PM6:IDT-ED-4F :BTP-BO-
4C1 %! PM6:IDTT-ED-2F:BIP-BO-4C1E €13 binary % ternary A3} device] #
3 Aol o)lE EAS A=37] Ysl hole-only ¥ electron-only devices?]
space—charge-limited current (SCLC)E =43 t}. hole ¥ electron W E (n

h 2 pe) ¥ 259 WAHAA (ph/pe)E 71 Mott-Gurney WA A o2 AAkslar

=5
N
=
ko
12
ol
S
b4t
o
L
Bt
ol

1, binary blend devices: PBDB-Tol| 7]%¥F8F T}E device

o vHla] B W& hole ¥ electron = E (6.58 X 10° YA 1.68 X 10* Ahs
21,02 X 10°% YA 9.18 X 10° pes)®t 53t st o]l WA~ (1.71 to

64.51)2 HYt}t. o]+ PL measuremento] <J3] =g AfA o= 9kl exciton
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dissociation EAJd] 7]elst= Ao & HOITF, PM6:BTP-BO-4Clel]l 7]4¥F3F ternary
system®] A5, 371¢] Q4 (IFL-ED-4F, IDT-ED-4F % IDTT-ED-2F) ol ¢J&] =%
device™= PM6:BTP-BO-4C1 (ph: 3.35 X 10*, pe: 4.58 X 10*, % ph/pe:
0.73)¢F Hluste] HlzatAY o w2 A olF 5A4S Bk, (pnht 2.13-3.77

X 10, pe: 3.78~5.07 X 10*, 2 ph/pe: 0.44~0.74)

o] HAtold P extractionS: E&FH o R XS on|dtal, o] oA Ho]
o & B3siqict.

[0139] [ 7] HAste A= Ms; sefo] o] At

[0140]
Conditions [cm? \’:,151 s~ [cm? #51 Y HAf e
PBDB-T:IFL-ED-4F = 1:1 168 x 107 839 x 107* 2.00
PBDB-TDT-ED-4F = 1:1 1.57 x 107* 918 x 107° 1.71
PEDB-T:DTT-ED-2F = 11 6.58 x 107° Lo E Tt 64.51
PME:BTP-BO-4C1 = 1:1 3.35 x 107* 458 x 107* 0.73
PMEIFL-ED-4F:BTP-BO-4Cl = 1:0.1:1 2.28 x 107 3.78 x 107* 0.60
PM&:IDT-ED-4FBTP-BO-4ACI = 1:0.1:1 213 = 100 485 % 1074 044
PMB6:IDTT-ED-2FBTP-BO-4C1 = 1:0.1:1 377 < 107* 507 x 107* 0.74

[0141] <A A ] 16> 3,42 A SA AL 2.3 (3,4~

ethylenedioxythiophene, EDOT) 23|04 7|8t A} @)L G7|9tEA Y &3¢
AA, 4 2 & REEA B4
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[0142] GFAE 7|0t o)W A FI7IHYARES] BE2X EA [& 31 U

A 33]

[0143] &A= BEE X device performanced] o] 83 o= A

Oft

} ol& B collectiod 3g 7]%Ivh. —1e]= = PBDB-T:IFL-ED-4F, PBDB-T:IDT-
ED-4F, PBDB-T:IDTT-ED-2F, PM6:BTP-BO-4C1, PM6:IFL-ED-4F:BTP-BO-4C1, PM6:1DT-
ED-4F :BTP-BO-4C1, % PM6:IDTT-ED-2F:BTP-BO-4C12] optimized blends® ¥ H=
2X]7} atomic force microscopy (AFM)E &3l AFHHJATk., EE blend ZE 0]
optimized device fabrication®} L3t Ao w A|ZHSAT}. Height imagesH-E
E 9 %°], the binary blend films®] 7d-%- PBDB-T:IFL-ED-4F, PBDB-T:IDT-ED-
4F, B PBDB-T:IDTT-ED-2F <=9 = smooth 3Fil finedt REZAE YEFHTE. 53
phase imagesolA & 4+ dFo], & Alo]=9] aggregates©] PBDB-T:IFL-ED-4F<}
PBDB-T: IDTT-ED-2Fell A1 A= AcTt. o)== 1.88 nm % 2.10nme] root-mean—square
(RMS) roughness®} 17.21 nm % 30.79 nm® z-axis direction (Rzmax) W ZH i
roughness& 247+ ZtAl stof, @84 A} carrier olFg Al HAt
recombinations Z7A|ZIth. Ajdor Iy org e A o]d EAJor 1%
nwke] §48 yEbd IDTT-ED-2F:PC7IBMS M2 E3%A &S A d3s ey

4 mERA

il

FA3te] 5.78 nme} 26.67 nme] "i$- ¥ RMS®} RzmaxE YEFWLTE.

10% o]’ &+&¢ PBDB-T:IDT-ED-4F film® 7% 7} @2 1.76 nm RMS$} 12.57

= ]

nm Rzmax #<S YEFSEA R Ajd o g vre HEO FWHEO| microscale® &3 Y
o] QUt}. o] EEZAE free A7} =Y 2 WA Qg H o] xof =gty A
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sk 239 o ¥ HsHo ofF Aol o FA 2 performanceE 7]

3o},
[0144] GFAE 7|9 AAARA GRS RE2% B4 [& 31 U
=] 33]

[0145] XA o & NFAsoll 7]WFsl ternary blende] A%, RE HEo|,
PM6:BTP-BO-4C19] A2 E3 FA8HA FhE o2 smoothdtil uniformdt 44
S ®th. EDOT-bridged NFAs7} PM6:BTP-BO-4Clell 7t7} =gjgel whel #sf e~
(1.68 nm % 13.43 nm)X .t} 1.93 nm, 1,73 nm, ¥ 1.71 nm for RMS % 15.04 nm,
20.03 nm, 2 16.20 nm for Rzmax©o. = <M ZF7lsk A o= yelyth. uepa A
fHdo= =& RMS®F Rzmaxs %Z¢& PM6:IFL-ED-4F % PM6:IDT-ED-4F¢] surface
roughness< defect-free contact with the PDINNS #EA3}7]7F oJH YA H A=

FF = ob7lete= ZAo=®= yetd 5 Uth. Ternary blends SollA] PM6:IDTT-ED-

Jo

2F :BTP-BO-4C19] topography+ ©17](excitation) dissociation % 3} %ol

o]
Q]

r

SUY-"7) interpenetrating networksol] &Js] Yx=2~AY bicontinuous phase
separations X9 t}. E3], phase imageso| A & 4 %o] IDIT-ED-2F7} =<3
o] we} nanometer size?] Ul FE 3 fibrillar features® YEFWEUH, ol H
t} 3FAFE charge transport EA4S 7]HEo® =& high JscE e 4+ 9

IDTT-ED-2F7} PM6:BTP-BO-4Cl blend®] 20% A% S<Yo] %W phase surfaceol A
large size®] aggregated islands& & AJ$tt}. ©]+= charge carrier recombination

S S7MA A, low FFE Y<elo] Hr}. o] 22 A3+ photovoltaic devices, PL,
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2 SCLCe| sheml e eb Zk v .
[0146] <d A4 17> 3,4~ DAY FA|ALo] .7 (3,4~
ethylenedioxythiophene, EDOT) 23|04 7]¥t A} W& F7]vt=He] &84
AA, &4 2 & 2% E =g 4

[0147] GEAts, Siexts 7uk HHste efd == 24 5 wje

EA [E 34 YA 37]

[0148] Pristine NFAs % optimized blend Z &9 Yx=AALdY % (AA
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=7 out-of-pane (0O0P) 2 in-plane (IP)o] F3¥x Hdojxitt, RE AL 24F
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face-on TxE HUT. WS AASHAIE= [FL-ED-4F+= 20, 4.98° |, 7.76° |

Ae

11.44° o)A 733k gdel 935 Ho] long-range order A4S Ht). IDT-ED-4F
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incidence wide—angle X-ray scattering (2D-GIWAXS)ZE ZF7}# ¢l B o=w ol& 3}

)

At 4= dArt. D-n-A TFF9 IDIT-ED-2F¢] 7% Y3 asymmetric T+FEA

15-20 ° %= F-Lof| 4

&

rlo
0

AY 995 vER Al i NFAs FollA 7HE A

n-1 stacking EALS XYt} Z+Zo] NFAso] lamellar packing EAJo] £&

89-56



2021-05-20
PBDB-T iLw-Atel 3ol wet A4 9 wigk 5450 X7 F4sH Wsstilt.
A, 10% o)A FE& FES B PBDB-T:IDT-ED-4F= 714 73k lamellar
structures ¥ w-m stacking EA R 37 £ A Wk TN g84 EA
sk ols AES FAEAT. vk, Adidez s A A4 5SS BT
[FL-ED-4F+= PBDB-T¢} &3%% ™A long-range order EA49o] FYA 7.76° Zol| A gt
vl 7} #=% v PBDB-T:IDT-ED-4Fo] W8] mn-n stacking 727} "ozl EAS
Ueblith, mixlge g 7 733 n-n stacking 54S YERAE IDTT-ED-2F2] 7
f-oll = PBDB-T¢} ™A o] widf 5ol 25 AlgbA $A Y phases: I
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A mgel =2 5 AJv. XRD ZA3Ee gk d-2=3o]d (dln: In2 A=
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[0151]
B dy [A] dz [A] ds [A] dis [A] ds [A] O [A]
Conditions
at 2 Fl at 2 [ a 2 [ at 2 7 at 2 [ at 2 [
1773 11.38 TS
IFL-ED-4F — - -
at 408 at 7.76 a 11.44
19.03 346
IDT-ED-4F — - - -
at 464 at 25.70
345
IDTT-ED-2F - - - - -
at 25.80
11.38 3.60
PBDBE-T:IFL-ED-4F = 11 — — - -
at 7.76 at 24 .70
16.05 10.64 3.55
PBDB-TIDT-ED-4F = 11 — - -
at 550 at 8.30 at 2510
PBDB-T:IDTT-ED-2F = 11 = = = = = =
21.85 14.87 11.78 10.88 342
PME.BTP-BO-4CI = 1:1 -
at 4.04 at 594 at 7.50 at 812 at 26.00
21.96 14.92 11.81 10.72 3.42
PM&IFLED-4F:BTP-BO-4CI = 1:0.1:1 -
at 402 at 592 at 7.48 at 824 at 26.00
21.96 14.87 11.867 MWT7 3.43
PM&EIDT-ED-4F.BTP-BO-4CI = 1:0.1:1 -
at 402 at 594 at 7.44 a 820 at 2596
21.85 14.87 11.78 10.72 3.42
PM&:IDTT-ED-2F :BTP-BO-4CI| = 1:0.11 -
at 404 at 594 at 7.50 a 824 at 26 04
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A2 ol H-(electron-donating unit, D), Z# o)A (x-spacer) ¥ A} 4=
8- (electron-accepting unit, A)E X33}y,

S D PR W S SR ERAPARY

to
it

A (3,4-ethylenedioxythiophene,

EDOT)Q! A& SHCo= she Ak vlE #F7Iwt=A] shghe.

(373 2]
A1l gl A,

sl7] & 12 FAHE AS EAoR st AA vl fr)veA 3Hg
5=

[3}sh2] 1]

o
AALS(DJI A
7 S

O
i O

(7] &sha] 104,

D R WA RiE FAHE FoZFH AYyE 1 ol 3|2 A FH
OIThA| == F 2 A (IFL, indacenof luorene), AT =t Ao] @ I (IDT,
indacenodithiophene), Ol Th A i T] A of] = Al o] © 3 (IDTT,
indacenodithienothiophene), Alo| = 2 e} t] Alo] @ 3 (CPDT,

cyclopentaditiophene) 2 TjA]o] =3 2H(DTP, dithienopyran)l & A Y= O =2
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FE AEEE 1E9 HAF =49 (donor )] il
A= TEYEd(malononitrile)o] X&¥  Adl(indene) % =Zrhd
(rhodanine) & & TAE = T A AE == 1 o]/l A2}

W7l (acceptor ) EAFo| ¥ |
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AR g ThebET]s AE e MRS SFA7]0 Ag Ee v A gk

Aol e 7] A8k e HASE A7) X Ee v RS dAET] A
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el sz TAHE ForYE AuUEE 1 ojgelr A 2o
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(379 3]
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D= Rt A RE FAHE wOoRFE A8y 1 oo Xz A gH

Ol A| == F 9 A (IFL, indacenof luorene), AT =t Ao] @ I (IDT,
indacenodithiophene), Ol Th A 1= T] A of] = Abo] © 3 (IDTT,
indacenodithienothiophene), Alo| = 2 e} t] Alo] @ 3 (CPDT,

cyclopentaditiophene) 2 TJA]ol| =3 &+ (DTP, dithienopyran)l 2 JFAEE O
HE AEEE 159 ©A =4 (donor) o] AL,

Av ZEYEdH(malononitrile)o] X&H  Adl(indene) % =Zrhd
(rhodanine) & & TAE = o A Ae e = 1 o] A+el = 2}
W7l (acceptor ) & Ao ™

271 Rt WA = A2 S8t Aoletal, 24zt SyA o2 4 Hof

710 =7 ASE B vRSE 7] A9 Ee A g Alo] 22 dAd T
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(71 shsbA 1, 3 B 40l A,
X+ H, Cl, Br, 1 T3 OTfo]aL,

D= Rt WA RE FAEE wOoRFE A8y 1 oo Xz A gH
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A87)17F FeaelE gAY A Ee).
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373 5]

(a) 871 3}3h4] 3o= {AISE e} A 84 eSS WA
a7] steha) 4= EAIHE n-A 72| SeES sk v 2
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D= Rt A RE FAHE wo=FE A8y 1 oo V= A gH

OITIA| == F 9 A (IFL, indacenof luorene), Ol T} A .=t A}o] . 3 (IDT,
indacenodithiophene), Ol Th A 1= T] A of] = Abo] © 3 (IDTT,
indacenodithienothiophene), Alo| = 2 # e} t] Alo] @ 3 (CPDT,

cyclopentaditiophene) 2 T]A]o| =3 & (DTP, dithienopyran) o & FA Y+ #o =2
HE AEEE= 159 dA =4 (donor)o]aL

Ax TEYEH(malononitrile)o] X&¥  Adl(indene) % =Zrhd
(rhodanine) .= TAEE= ol A A== 1 o] Aol 2 2}

W7l (acceptor ) EAFo| ¥ |

AR g ThebET]s AE e MRS SFA7]0 Ag Ee H[ A gk
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(a)

Normalized intanasity
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Curent density (A cm™)

Current density (mA cm?)

24]

084

06

044

D24

0 o 1 T L) T T
300 400 500 600 700
Wavelength (nm)

25]

—— PBDB-T:IFL-ED-4F=1:1
- ——— PBDB-T:IDT-ED-4F=1:1
—— PBDB-T:IDTT-ED-2F=1:1

— i
20 e
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