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86.5% ©]/&<]

139 =«

P2

o]

Eay

F 9o 298] d(3-Fluoropyridine, FPy)9 EAS &

3T

TZ2-AAE BA SHAA F71H
ZIvto 2 NEA AAE =1-29 4 (Donor-Acceptor, D-A)

T

T

=
=

Fed, WA FPy sojol FAb

[0091] ©]

b1 9

°

LR PM6(FPy=0.2)

Q

o
Ho

=

el

)|
~

ANz

T

T

[0094] 7] s}sha] 1A, X

[0093]

fi%e)

0

o

=271 (Cl, Br, 1), «r=&=7 (0Tf, OPO(OR)2), OAc) °]iL, Y+

sk
=

=

| (N-R, O, S, Se) °oJt}.
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A% B WAgE SAa7] A8 e v AgE dolnly]; A e WA gk

H 2 gkgl  FiuEr); X3 wm=E b xgeE A7) F T+ v se
Aolod7]; X mE v x|y AHy]; X3k w== v X3ty A7) XS m==
Hl 285 o] ~E7]; Z N, 0, S, Se 92 = 17/h o]AS ETFslE= X3k == v X

A sEl a7z o] Fo|x ol A AEEAY AT 27 Afr]= FaLy

[0096] ¥ wWro|A AA|8l= Algf FPy 2w 7)6F izt s 38t
21 2 WA kA 5ef o] SE 4 3

[0097] [3}3}4] 2]

tD—AT,

[0099] 7] HolA, D= Ax FAZA, 224 WFOR T} Polr} I3

[0098]

d
o

wof, s

o,

ales

A
ofo
:(I}g

f
)
o
EN
o
Ho
b
2
ot
)
(il
o
R

[0100] A= 7] SA1E @9 Aol

[0101] n& 1 ~ 10,0008] A<=o]T}.

[0102] &7 =4 stehe2 22k WaFe= g dolrp s WAt
o] @ # (two-dimensional benzodithiophene)S ¥3%& 4= 1 4= o}, o]o THA

Hi Ae o,
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I

Z

e )

el
Sa

[0103] A7)

A5 =

3
ar

b7 sheby 302

S

j=1¥e}
=

7]

o
T

[0104] 7] s}sk2] 29]

[0105] [}

[0106]

[0107] 271 &}sha] 390 A,

AERA AR

0

S

olo
=)

|

=]

T
-

[0108] X

|

ol

wol A A E ]

Fo}7

oL A F A 7] 2 o]

A7l == 0Tf, OPO(OR)2) =

& ar,

ZFAAE N-R, 0, S @ Sex o]Fo]

A% e wAsE LAY AF e HARE AL IAY); A e o]
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AgE T AR EE HASE Gdopwlr]r A& Ee HA| g
obFolRl7]; A& i HA|ghE ofbolrly]; A& Ei WA sl|H =obdot
7 A B WA ofdY]; A8 Ee A SE EFeddr] Ad Ee
AAgE ST Af B AXEE S5 Af Ee dA g
Apoled 7]y A Ei wAgE ™) A8k B A skE AT

HIX g o 2~ 7]; E N, 0, S B SeZ o]Fojx oA AEse= 1% o)de 9

aE sk A e WAEE FH RV 2 o] FolX] el A AdEE ALY <]
HeE 27l A= SF¢aelE g4 5 3len,

[0111] n& 1 ~ 10,000¢] A Fo]t}.

[0112] [3}sh2 4]

{fD—A1H-D—A2||n
[0113] ! n

[0114] 7] 2ol A, D= AR FA=EA, 230 Weko =z Fo Zdoj7p 33
Hol, HwA U Sert 53 F2A4 IgEo|n
[0115] A1 2 A= 7] JAIE @9 Afo]aL

[0116] 1& EES=ZA, 0 < 1 <19

o,

191 Ag=e]m | I+m = 10]31, n 1 ~ 10,000] 40| t}.

[0117] ¥ 2o A FaA oA 7] §54 =S 231y Wgor F
ol 7o)z} g-4H wlZtjAlo] @ 3l (two-dimensional benzodithiophene)& X3+ <
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[0118] A&7] A

T Abo] @ # t] 2 (Benzodithiophenedione) =4

=

2 oht.

al

K

=

ruzel

To-

A

T e, ol

—

_~
fie}

0|

2 ohJt,

al

K

=

[0121]

[0122] 7] &}sha] 5ol A,

S

=9
T

[0123] X

|

ol

oAZl el A A

oL FA 7] 2 o] F

, OPO(OR)z2) &

OTf

B g

Tar,

Z+5 718 N-R, 0, S & SeZ o] Fo]

[0125] Ri WHA] Rs

88-29



2021-11-30

717 Ak Es AlX e ofHolnly]; A g we HIAEE sE RolHolRl Y] 2%

N, 0. S @ Sei o]Zo]zl Foa] Melg= 12 o|ate] Yrs yital= X3 £
A SR ]2 o] Folxl P AEHAY AR 2o A= G
128 AT 5 o,

S

[0126] 1> =&&=A], 0 < 1 <191 AFola, ne Z8&=2ZA, 0<m <
191 As=elm | I4m = 10]3L, n& 1 ~ 10,0009 “g==o]t},

[0127] 77] FPy HF Ex=w (38t 1) 2 ol& 7|Wwro = Alf A7AE D-A
TZ2(3e2 3) 2 D-A-D-A2 FZ(38}8H] 5)eo] AT uwAl SFEE] AU
=, D A7) sEA 1, g8k 3 F sk 52 gAlEE 474 sgess &
o &3AA TFENE Axste @A 2) 7] L8 AsE S @ =
Zu|E H7bsle] EEES AZxse WA 3) AV EFES MEsY € ASH
A7 G 4) A7 gx4E AfaEeEagaE i FAE 2 EEES
BAskE @Al 5) HEhE: B oEged HAHAA FE H FAseE dA 58 X

5 Qo oo FHHE Ae ohr.
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[0128] A7 &4 1)9] &= EF4, EFA3 HEDDSto | =2 Fa(1:1

vol%), EF<ly CrEEEFolule]=(1:10 vol%), SEZ WAl FeoA Aded 1

ofN

ol dd & o}, old A E AL ofyr},

[0129] 471 @A 2)¢ #3§= ZFHvl= Pd(PPhs)s, Pd(dba): % Pdz(dba)s
ToA AdaE 1F oY = Ao, ol dAHE A ofyr. ZFu|E Plo-
tolyl)s, pphs, 2 PcysllBFs T oA MEE 1F o] dd 4 Ao, ol A== A
< ofYr}.

[0130] AF7] €A 3)9 719 &% 80 WA 180T ¢ &oA 3=

N

Ao}, old FAE= F& ofHt}.

[0131] 7] ©A 1o A7l BA= AR o=z A, dEoAHolE, ¢
ZE2HE, 2L, FTIZIES WY B Y FdE o),
oo FAHE = H ofyr},

[0132] 7] @A 5)¢ Aol webd A glol #=3d 5 o, ol

ok
o
i
I
S

2 ol

[0133] T3, & wtgo] 7] nEAELS /7] AEA, dF 59 AA &

I EWAAEH P HmEATE HEFHA Y] dt pES, 7] EE tolex=
gl 239 % HA AR deE A R OI0 BEsks, 7] 3A, <l

)

8z % ANAHRA AgE = glow, ool FHHEA Pir),
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| Ax FARA 7]

S|
s

[0135] -~

B

nR

)

_50

[0136] 1) 2) 18]

o
e
2]

il

)

3|
—
fie)

Az 2

=090
o =

=

T-Z(Conventional structure) =& < FZ(Inverted

et

S

structure) 25 7}

1=
iy

T
-

s34 1 WA 52 EAH

}7]

PM6  (CAS NO:

1415929-08-4) ,

H ¥l PBDB-T (CAS NO:

gl

- =
. R

TC

J

1802013-83-7), PM7 (CAS NO: 2239295-71-5), PCABM (CAS NO: 609771-63-3), IDIC

(CAS NO: 1883441-92-6), ITIC-4F (CAS NO: 2097998-59-7), Y6 (CAS NO: 2304444-

L=
[€)

49-1), BTP-BO-4C1 (CAS NO: 2447642-41-1), BTP-eC9 (CAS NO: 2598965-39-8)

3} H 33 e 244 (Bulkheterojunction) 2

=
=

CEpet e

3]
Sa

=i
=

R ER

=923~

=12
=

[0138] +
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Fluoropyridine, FPy) AE @A /A (= 1, = 2 ZFx)o] wE Fpy 7|6k A=}

ME G7) EAe] AA L Ao B3 Ao Al D-A e D-A-D-A TF

X

1o

LA, F AT (R 5, = 7 Fx)s FAselt.

[0139] =& Alo] AFEE &= (4,8-Bis(5-(2-ethylhexyl)-4-fluorothiophen-
2-y1)benzo[1,2-b:4,5-b' ]dithiophene-2,6-diyl)bis(trimethylstannane) (F-2DBDT)
(CAS NO: 1514905-25-9) <} 1,3-Bis(5-bromothiophen-2-y1)-5,7-bis(2-
ethylhexyl)benzol[1,2-c:4,5-¢c” ]dithiophene-4,8-dione (BDD) (CAS NO: 1415929-
78-0) Solarmer Inc., (4,8-Bis(4-chloro-5-(2-ethylhexyl)thiophen—-2-
yvl)benzol1,2-b:4,5-b' ]dithiophene-2,6-diyl)bis(trimethylstannane)  (C1-2DBDT)
[CAS NO. 2239295-69-1]:= Sunatech Inc.ollA %1 ¥ A glo] A& ATt

[0140] F71el A &2k AZAlo] AR ¥ = B9 4%, Solarmer
Inc.©] BIP-eC9 (CAS NO: 2598965-39-8)5 Ah&atlom, FesdTi 4TSS
52123 Heraeus Inc.9 PEDOT:PSS (AI4083)9} Sunatech Inc.9 2,9-Bis[3-[[3-
(dimethylamino)propy!l laminolpropyl ]-anthral2,1,9-def:6,5,10-d" e¢" {f" ]diisoqu
inoline-1,3,8,10(2H,9H)-tetrone (PDINN) (CAS No. 1020180-01-1) & A}-&3}%it}.
ol9lo] &gl AFHA &= o, BE 5 EAES TCIAA 79 F AA glol A

S5 A

[0142] <& A]d] 1> 2w M1 A [E 1 ZFXE]

88-33
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[0143] Schlenk Z&}x=olA 2 5-tHE2R-3-ZF ¢ =2y gd (0.79 g, 3.1

mmol) ¢} 4-(2- 2 & A)-2-E] AR EA IUF o 2~HZE (2.5 g, 3.02 mmol)= ¥
I AZRE EF (93.0 ml)ol] &3|A] AL,

[0144] N2 15%-%7F &7]8F 3 Pd(PPhs)s (100 mg)e} 2M K003 (37.0 ml)E

A7bskdh. W EFES 7FEEtAl N2 £917] shol A 24A1%F E<F 80Tl A ulRE

etk Rbgo] guHd whg EgEe] =5 X HERERdYE MOew FE3)

[0145] ek steld EviE AAR 5, AFes gt (Hxn)/MC = 3/1
(v/v)& AN Abgste de7bd A9 ARvtEadga R GAlskgltt. 1.28 g
o] Mleo] A e dojxtt (85.0 % &),

(M1 1f NMR (400MHz, CDCls) : & (ppm) = 8.63-8.62 (s, 1H), 7.60-7.59
(s, 1), 7.57-7.56 (s, 1), 7.18 (s, 1H), 7.04 (s, 1H), 6.94 (s, 1H), 2.59-

2.56 (m, 4H), 1.62-1.59 (m, 2H), 1.36-1.25 (m, 16H), 0.93-0.85 (m, 12H) [%= 3

o

=],

[0148] <A A4 2> HF 2w M2(=FPy)¢ &4 [ 1 #F=x]

[0149] Schlenk ZgF2=F oAl M1 (0.70 g, 1.44 mmol)E 71Z3 ¢ydd

=
=]

Fe

olufo]l= (43.0 mL)°] LaAFTF. N2 1587 ©7]% T N-HZR Ao

=
[

l

(0.54 g, 3.0 mmol)E ¥ WHo| AX F o).

o
2
ol

5 4

N

}_

88-34



2021-11-30

[0150] N2 #9171 B of 7 ejoll Al 12A13F F<F wyksigict. whgo] $t

T

bl
)
)
r]::
olo
Flot
i
il
3
i
o
o
=

[0151] %St stelld &ulE AAT 5, IF=s A (Hxn)/NC = 4/1
(v/v)E& AMAo R Atgste] AejzbA Ay AZvtEaHAZ ZASHGITE. 1.27 ¢
o] M2(=FPy)o] - mx= ozl (83.0 % F8&).

(0121 I NMR (400MHz, CDCls) : & (ppm) = 8.51 (s, 1H), 7.52-7.49 (m,
1H), 7.44 (s, 1), 7.03 (s, 1H), 2.54-2.51 (m, 4H), 1.66-1.61 (m, 2H), 1.37-

1.25 (m, 16H), 0.96-0.84 (m, 12H) [%= 4 F=x].

[0154] <& A]e 3> D-A 7% P(F-FPy)¢] &4 [ 5 FX]
[0155] 10-20 mL wlolm =23} B nlo|o A M2(=FPy) (128.7 mg, 0.20

mmol), F-2DBDT (188.1 mg, 0.20 mmol), Pd(PPh3)s (7.0 mg)E Y1 F42 &g},

i

30ElY AFE Fe F N2 v A 158 ¢t Al Eo

ol

i, AxF 74
(5.0 mL)= FH7hsted ebd3s] S AIF

[0156] o] % ®bE == 1100 C2 7FEetar 24A%F &< RSl

AN
a7
il
td
p
>
o
to
ﬂ
\}
I
w0
ol
e
tlo
e
>
ofo
ol
s
£
(1
i)
o,
tlo
&
011
)—A
>
N
N,
o
kr
i
N
o
il
El
rII

88-35



2021-11-30

[0157] o]o]A] wHIEHE  (24A1%F), oFAlE(12A1%h),  MAH(12A17E)  FA1 =
Soxhlet AAE F8fste] =glame} o] FHulE& AASS A, npAHo=z S22
ZE2(124 700l gaA A E-eA el P(F-FPy) &4 187 mg (84.9% &)< AUt}

(01581 If NMR (400MHz, CDCl3) : & (ppm) [= 6 %],

[0160] <2 A4 4> D-Ai-D-A2 T-Z P(F-FPy)(PM6=0.2)¢] &4 [= 7 F=X]

[0161] 10-20 mL vlo]=a =3} WZF wpo]do|A MN2(=FPy) (102.3 mg, 0.16
mmol), BDD (30.7 mg, 0.04 mol), F-2DBDT (188.1 mg, 0.20 mmol), Pd(PPh3)s (7.0
mg)E Wil F74& 2okt

[0162] 300l FFS 4 F N2 vh A 168 S A8 & Y,
Az =79 (5.0 mb)= F7bste] ¢bds] e AT, o & wke E9hEs 110
T CE2 7FEsta 18A17F Fob wnkekit). 2-HmEAlo] o Hl 2~3 WS ALE-3lo]

H=7H

U —

ot

S B F 1A AR FhR austar,

[0163] HF-g== wletE&o] HAd AlA <F 30 & wWHIAIZ H, HAE

i

= =0l AFAIZATE. ool wWgkE (244]%1), obAlE(1247F), FAAF(12A] 1)

M

A& Soxhlet AAIE FaAste] & ame} o] ZujE AAS R, wpHo =

il

REEFA2A D) FelAA F2 BepAe] P(F-FPy) =2 185 mg (82.2% &)=

A3

n
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(01641 1§ NMR (400MHz, CDCls) : & (ppm) [%= 8 =],

[0166] <A A]o] 5> D-Ai-D-A: 7-Z PM6(FPy=0.2)¢] &4 [= 7 FZ]
[0167] 10-20 mL wlolzm =3} HZ npo]eto] A M2(=FPy) (25.7 mg, 0.04
mmol), BDD (122.7 mg, 0.16 mol), F-2DBDT (188.1 mg, 0.20 mmol), Pd(PPh3)s+ (7.0

mg)E Fail F4& 2okt

[0170] o]ofA wIghE (24A1%F), oFAlE(12A13F), AH(12A1ZE), HERRE
HEH(24A12F) =42 Soxhlet AHAE  Fds  SEaH et To FujE
AR, wpAt o R SRIFEF (2447 &AIA FHS Hepe] P(F-FPy)
22 210 mg (87.4% o) At}

71 1 NMR (400MHz, CDCls) @ & (ppm) [&= 9 =],

[0173] <A A] o] 6> D-Ai-D-A> F-F PM7(FPy=0.2)9] A [& 7 FZE]
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[0174] 10-20 mL vlo]la =23} HZF dlo]do A M2(=FPy) (25.7 mg, 0.04
mmol), BDD (122.7 mg, 0.16 mol), CI-2DBDT (194.7 mg, 0.20 mmol), Pd(PPhs)s
(7.0 mg) & 23 T4 Ehtt.

[0175] 302 FS e & N2 vpA] 158 <t A3/ 8o dar,
Axg =7 (5.0 mb)= H7bste] s &fAZH. o] & whE Z3ES 110

T CE 7hdatal 12417F HoF ket

[0177] ololA wmIghE (24A1%F), obAlE(12A13F), AARH(12A13F), HERZRE
mgH(24217F)  =AE Soxhlet HAE  Fdste]  gEawel o EHulE
AASAIL, wpARto 2 SEEIEF(24A17H)0] &3AA FHS webAe] P(F-FPy)
54 221 mg (90.1% F&)S A},

(01781 1 NMR (400MHz, CDCls) @ & (ppm) [%= 10 F=].

[0180] <AlAlo) 7> 3-ZF 2 =29Ed

N

I AR FAe 524 47 wE
A A, G4 D 24 RS TH TAAS 2= AF 4" AL, AFY A

BHold A ' 4 [= 2, 11, 12 F=x]
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[0181] 717ird A5 A EAH(PM6/7)2] BDD HAlE|eF Al4F 7§ekst FPy <

AE o A B34 vl A E3HA] (Synthetic complexity, SC; Macromolecules

2015, 48, 3, 453-461)o]¢+ 2015 Ricardo Po. A7FFo] F7IEldAA] AAE9]
A3 AeE Hore Aoz, F A @A 5 (Number of synthetic steps,
NSS), & &9 94 (Reciprocal yield, RY), & 2 <(Number of operation
units for the isolation/purification, NUO), & ZA¥ AA 4=(Number of column
chromatographies for the isolation/purification, NCC), i3l <12} 4=(Number of
hazardous chemicals, NHC)®} 7ol A frste dHo|g o] <QhollA 57Fx] ] wjejn]
B =M Z 35%, 25%, 15%, 15%, 10%2] 7FxS Fo] gHaksk Ao},

[0182] w&bA, SC7F 0ol 7Mhes =& €3 7Feds 7MY, 7HF
BAHo] sttt & = k. A 7Rk A B4 HUEE 9IS @A Al
Al A 7hd ol 2ol & 4 PM6/7 22 Lad AEAESS 48k BD
A eb At s FPyE Bl BA ST

[0183] = 2014 & = gl5ol, BDD w914 NSS(4¥HA]D), RY(3.13), NUO(7
), NCC(3¥), NHC(37W)E 22t yepullth. vk, 2lF 7Rdgk FPyo] 74§~ NSS(2wh
Al), RY(1.34), NUO(2¥H), NCC(2¥H), NHC(I/D)H =2 REE dehvgsoA Hu ¢
s UERl

[0184] whebr], = S92 F BDD= 100%9] 4 H34AdS zbe vhd Fpys
°F 35.8%% A4 HFES zZievh. thA] 284 FPy7k BDD9F Hlulsko] 2.8u) o] 4

74 Al il Bk 5 9l ol
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dold A
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=
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sholth.
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=

[0185) A14F 7)=t
2 FPy @99 JAE =M

A AFH(Chem3D 15.0)
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s
oy

[0186] 2kA
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=

7

=N

Jl &=

3% (Thermal-dependent aggregation)
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T
-
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i
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AR AL
[0187] ]2} v}
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o
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S

71Zo2 H)

=

ol o] Hrd Z1& HOMO oy A
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S

o) 7hs

al
=

d 7N

], & 12014 & 4= qlzo] Feo} N &

S

E
=

[0188]

~
To-

oF

el

0

B

ﬂuﬂo

ol
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=
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Ao AdA, 4 R &8 =94, FEH L Aty 54 24 [=E 13, 14,
15 #Fx]

[0191)] EXE9 EgZF EA: Stille coupling ¥H&S E3&] =3

A F2F, P(F-FPy), P(F-FPy)(PM6=0.2), PM6(FPy=0.2), PM7(FPy=0.2)E ¥+ 86% ©|
el 2 iR dAdee vl el

[0192] PolystyreneE ¥+ w&d=2 Algst 4 F31 F2ulE 289 (Gel
permeation chromatography, GPC)E 3l 4t wA=Fs 54 A3}, 124 EF
3k Fto] A E X% (Number average molecular weight, J4)3 278 the] th&A4l
A4~ (Polydispersity index, PDI) = AHA3t Ex%5S JA5HS

[0193] D-A %9 LEAe D-A-D-A T2E 2t Al LRAES HuE

W] AR (terpolymer ) 2 A A

)
K
M
Y
i
o,
0%,
=
)
lo
i
ity
flo
M
Y
ot
o
i
fuj
&
Kl

o= B A& FPy FEA¢ B &3 AbgHo] wgp mExte] A
(rigidity)S &°]7] w0},

[0194] &= 13914 B 4 3Ux9]
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[0195] A=} A} €=FA] (Differential scanning calorimeter, DSC) =4

= T8 w4 TxEY 244 54e AT, 2 2y = 4eA =

al
¥

o], W] Fx EF 25-300" C AlolelA wulst & Hol7} YelA] &Udtt. 54 4
Fto] st A Y&S X 1(ZEAES BTy EA A Ai})o Qoky o] ¢}
o},

[0196] [% 1]

T Yield [%] J1Da] H#1Da] PDI Ta[°C]
P(F-FPy) 84.9 26,304 62,220 2.36 350
P(F-FPy) (PM6=0.2) 82.2 35,358 89,133 2.52 353
PM6(FPy=0.2) 87.4 41,033 92,661 2.26 358
PM7(FPy=0.2) 90.1 39,200 87,334 2.23 369

[0198] atdAb=o] gote - [7|shsty 54 W] awabe] 54 5 7]

3}etA EAjo] UV-Vis 3 (UV-Vis spectroscopy) % 3 AAdAFH (Cyclic

voltammetry, CV)ol &J&f] A% AT},

i)

[0199] = 15a ¥ %= 15bolA & 4 Uxo], BE AEAES &9HT)

T EClA BER 0-0 Y vA7 RFHI, 0-0 Y27 0-1 HAHT EE A

[0200] 53] I& EjolA Ee ZFAE©] 300400 nm 2 500-650 nm F-
ZolA 27l BHF F4 WES APHoE Yy, o n-nx ol ¥ ¥4

W A=} o]% (Intramolecular charge transfer, ICT)ol|l 3f% T},
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T2 7}A & BTP-eC9 &

=)
\)
(@)
=
o
r
ﬂ
(e}
()
©
a1
()
=
=
o
oL
1o
=
=
o)
ol
g
ol
a
rm

A e} dorgdolr). vt Adejol A 22+ S onset S ZHE AAME P(F-
FPy), P(F-FPy)(PM6=0.2), PM6(FPy=0.2) 2 PM7(FPy=0.2)¢] 3atd W=z (fort)L
2.10 eV, 1.91 eV, 1.84 eV 2 1.85 eVZ D-A oAl D-Ai-D-A2 +x AA D wre},

GiA o= BDD Wtk oFgh FPyo] At &7 SA4o] HeH= As & F 3

mlo
of
[k
ri
o
2
2
i
N
rhN

[0202] &= 15cell A} o] A& VA4
QEo] Z}7te] Atsh-3d FH o= RE AAE AT HOMO (Auoe) B LUMO oy =] &
B (fow)2 27 onset Absh ZEIA (Ayemset) 2 31l T EHIA (Aegomset)of] Qlo] the-
o] A7) st g Ae o] dojxitt.

[0203] EHOMO 3= LUMO = —4.8 — (Fox mt red™et — A/, ferrocenc), 917141 Ao,
ferrocene. = 0.48 eV (F574H dlolg). A¥Ho=z  P(F-FPy), P(F-FPy)(PM6=0.2),
PM6(FPy=0.2), PM7(FPy=0.2) ILE2}Ee] HOMO 2 LIMO oA =95 A=
-5.71 eV % -3.61 eV, -5.66 eV ¥ -3.75 eV, 2 -5.58 eV © -3.74 eV, -5.68 eV
2 -3.83 eVo 2 UEWTE. NNFAs7F PBDB-T 2 PM63F 22 =4 FeAel &34
] ZE2EO] oy e & AdE" oz JqAEH, ol a&2el dal o
S Az

[0204)] F71AH o2, 2494 (Near—infrared, NIR) <A1E]Q] BTP-eC99]
HOMO %! LUMO elUA] F=$17F -5.68 eV 2 -4.05 eV 945 31ele of, P(F-FPy)E Al

Q)3 RE uEAA HAFE oA Q3ZA(Energy offset)S 7F4 AL oYX
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[0205] 53], FPy7} E=dEFS 2 HOMO olvx] &91E 7FA  open-

circuit  voltage  (Voo)7}  P(F-FPy),  PM7(FPy=0.2),  P(F-FPy)(PM6=0.2),

PM6(FPy=0.2) o= <7tg Ao 7dsgint. Fste 2 drgets 5458

Uet= AR A5 3 2(L34=9 Fstd 9 dAVstey 54 4 42
el AelskAtt.

[0206] [& 2]

UV-Vis spectroscopy Cyclic voltammetry
T Fert @ Foxorset B Ao
[eV] [V] [eV] [eV]
P(F-FPy) 2.10 1.39 -5.71 -3.61
P(F-FPy) (PM6=0.2) 1.91 1.34 -5.66 -3.75
PM6(FPy=0.2) 1.84 1.26 -5.58 -3.74
PM7(FPy=0.2) 1.85 1.36 -5.68 -3.83

[0207] @ baselineoA] A#HEZ ] o ou]A] oA A EFAE iz} F
o= AXE; Do or o = —4.8 = [Fox or red®t (vs. Ag/AgCl) - Fi2(Fc/Fct vs.

Ag/AgCl)] (Ei2(Fe/Fct vs. Ag/AgCl) = 0.48 eV).

[0209] <A Al 9> -ZF 2 =9 Fd 7]¥t Ax F/]E& a83F< {7 vt=
Aol A, 4 2 S8 FI7IEHEAA A, 2R/, REE2A] B4, Fu 4
9o A YJHAZE [¥ 16, 17, 18, 19 2 20 FH=]

[0210] e AbEo] A F== Fr7leFdA] FHAs): A

_FIL
AF RS 1.34 eVe] MEME zhe BIP-eC99 w9 AE wWebAd # F4 9 A

M
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NSEA BHS AT Q7] WEe, o]F e & A AL S FA

[0211] & 2ol M AR F7IHSAA FE2= 4 T=E, 110/

PEDOT:PSS(30 nm)/Polymer :BTP-eC9/PDINN(10 nm)/Ag(100 nm) = A Z3ste] FHA A

olf

2 #asol,

[0212] Z} A& =

A

b AAE e vE, & Ay 2= % /e

24< F9 AHHIAL. BE EF BES T 100 mol A HHFHAG, npx
22 M HE BB 54 9 BREVAL e 0.04 are HAH AT

[0213] %= 16 aollA & &+ d%o], D-A +x9 P(F-FPy)7} Y] &zt =4

Ueblle. o]

o

A00.921 Vo] 7 =2 Ties YEFWHAIRE 12202 A F% @&
60.9%2] & FFAlA & 4 950], BIP-eC9 A EIQ} mE2F AFole] HOMO ol Y=

E=H7F dHEe] Ak or Hatse] AE

E&"

2 5 ol e Awstly] Wil
}.

[0214] wbd, A=A Fele] D-A-D-A2 391 P(F-FPy)(PM6=0.2)+= BDD
SA7E 20% =4l wek oo s SAlE Abolo] HOMO oA #9171 8 H = o
14.3%¢] ®Hth U 285 YE

[0215] BDD %A

Mm
ﬂ

=913k PM6(FPy=0.2) FZo|AM+= FF7} 75.4%% 7}
=4 yebgd wel, =49 I dSy dF Y X (short circuit current

density, Jo)Z 16.1%9 714 =2 g&28 IA59 ).
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[0216] PM6(FPy=0.2)°l| A4l F-2DBDTE- CI1-2DBDT= W} PM7(FPy=0.2)9] 4-%-,
0.900 V ol & Kl YERIAAR diHo® g 71.1%9] W2 FF2 <As)
14.7%9] &85 e

[0217] e]= %= 16bellM = = 9lRel, awak =ueh oAk o E =9
ez Q&) 300-950 nm A FGelA G REgo] yElHT. o5 FolA
PM6(FPy=0.2)7} Z=u ok AAH RFolx 80% oldel <% A a4 (External
quantum efficiency, EQE)S e o o]& Q3] 7F4 =& 24.8 mA cm29] JcZ
2Tt

[0218] miA|Tro =2 = 173 Zo], PM6(FPy=0.2) 7]¥wte] 7} =& &9
Ao sk ool )+ Nano Convergence Practical Application Center (NCPAC)
oA LFF S wokom, 1 A 16.1% E&S ATLAT. AHsE FH 9 J-
V 54 digk 2Ag ger e e 1 (A=Y FHAstE A Fx /U S
Al B FF )l aofstint.

[0219] [& 3]

Annealing® Voe Jse FF PCEnax/
[* C] [V] [mA cm?] [%] PCEave® [%]
P(F-FPy) :BTP- 12.2/12.0
(F-FPy) :BTP-eCo 80 0.921 21.8 60.9 -2/
1:1.2 0.24
P(F— ~0.9) :BTP- 14.3/14.1
(F-FPy) (PN6=0.2) :BTP-eC9 00 0 506 ” 1 o0 1 +
=1:1.2 “0.23
P ~0.2) :BTP- 16.1/15.8
MG(FPy=0.2) :BTP-eC 100 0.858 24.8 75.4 :
=1:1.2 £0.30
~0.2) :BTP- 14.7/14.5
PU7(FPy=0.2) :BTP-eC9 100 0.900 23.0 71.1 ;
=1:1.2 0.19
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w0 F-9 A 108 B FPAAE: P BE DS 10719 SHE A

g

E25E ZF AMEdT. FPyo] =qel wE a1t

ull

o BAA B4 A 2

Rl

23517] 938ke], P(F-FPy), P(F-FPy):BTP-eC9, PM6(FPy=0.2) % PM6(FPy=0.2):BTP-
eC99] Zt I&5 HHolA e AA 9 #jg 5AE Grazing-Incidence Wide-Angle X-
ray Scattering (GIWAXS)S E3& FA}sFSict.

[0221] %= 189] a R collM & 4 U%ol, Ao 44 2 i 542>
o - FAFSAl YERRETE. 53], (100) 2 (010) SWlA F ZFEA B v A
719l A4 x5 2t e AAY o Ao, PM6(FPy=0.2) Hretel M nt BDD =
JOomNE H[ZEH A3 (300) AHo] FI/HAOE UErHT. Jey, & 189
b, d B = 19 WA = 19colM =& = 3U%ol, ZF AFTAES BIP-eCO9t &5 Al

i3] the A4 2 ue

Jlm

AL el =d, WA P(F-FPy):BTP-eC9 &3} Aol A

A

= P(F-FPy)oll A YE}lW Y edge-on 2 face-on HjdFo] A2 Alg}x|a, H|AZA EA
o] &7t stackings & F AU, 53], n-n stacking 7

gl e
T 91 BT 0.19 nm HolR 4.01 nm2 UERGOH ) o]= Agdow HFg&ZF

ro,
2
Q‘L
o]-}
J{m

qe Al

of
ot

=

[0222] wkHel,  PM6:BTP-eC9 &% A2 edge-on X+ Xu  °F3}
HAA T, By FEe g-q stacking 5] Td | wet 3.64 nme] wl§- 7H7)
& m-7 stacking A#E YEY

[0223] T3t pole figuredlAd = 4= 91| edge-on T+3F9} face-on T3

boLlel b s 79 Ra A4 3R MF 54 2E AL FA¥ S
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[0224] FH=] Aol o] EATY BREEA= At =5 2 3834 112
3t #AE yebdch. wEka] PM6(FPy=0.2):BTP-eC9<] A 3l®l ®Wo| atomic
force microscopy (AFM)E &

[0225] &= 20914 & 4= Q15%¢], microscaledll A aritabel A 7F wijil
Ay £& REZZAE et E3] 1.75mme root-mean—square (RMS) roughness
2 AA3 @hs 7, 283 AR ool JHedld Aew dHT

[0226] &3, 1 um 2=ALS] &5 s E¥ nano-fibril &7} 25
H, o] ZUY-94lH interpenetrating networksel 9] Y=27AY bicontinuous

phase separation®] 7}Fs3$hS YERT.

=
=

e

e BEAQ wEE fUIEGFRA aAb Al e @ AR T|ekgl

e

[0229] <A A 10> 3-=F e =vgd 7|¥t A F7/48& E&FQ F7] uvt

=Ae 2AA, 34 #H &8

ki
<
e}
fitlo
N
i,
2
[‘lrlJ

Ui R VA o B AR s

s

AR Az, 1aE BFEY F7IHERA A [= 16, 17, 18, 19 R 20 =]

[0230] PM6(FPy=0.2) ar¥&-x=}eo] -4=3F FA x| AA/n)gk

[e]

e
b
il

E2A 57

Jlm

’

55 vgow Ao nEATO 2% BTP-eC9 A AE 9F nano-scale oA long
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distance charge transport”} 7}&ssh#] &9l3sl7] s A #A|AIgE 24T FLT
A Txe 25 ARSI

[0231] Q.oFsld, PM6(FPy=0.2)9} BTP-eC9 =3 H| &S 1.0:1.00.2 1A

S o E5FEE A 15.8% 854S YeElW o, ol 380-780 mmoll A FEA
=ute] H ot 7MA]F A d 9 (Average visible transmittance, AVT; Joule 2019, 3,

1803-1809) F¥== Lol whet 43.9%%2 AAFE AT,

[0232] =9 H&<S 0.5, 0.25 183 Hu) 0.22 9L of PCE 2 AVT
= 14.5% 2 51.1%, 12.4% 2 57.3% 12]3l 10.3% L 58.9%= - =58 a& 7
28T =2 FHEE YET

[0233] = 2194 =& 5= 3%°], Y9 Hl&o] iAoz adh ue}

N

A 55 I9o A EQE kol FHAasta 1 AY ke 7Y AR mao] A HA
th. 28y, =Y HSS 1.094] 0.27+4] QS0 E Zhzte] HAstE T o A

FFo] 7FAa&o] 2.5%8 o] x| ¢kgkc).
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A 459 &388 B R-AE 7 g WEs 2AF e"n. BEEY
Ao Ao HRagket Axs dgoez t3eo A =, ITO/PEDOT:PSS(30
nm) /PM6 (FPy=0.2) :BTP-eC9/PDINN(10 nm)/Ag(13 nm)/W0s(25 nm) = WFHE 7)) kA

A2 A9,
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[= 1]

E CyHo_C,H; CzHa CqHy
; -3 Br
Br =N

[= 2]

c4H9 ¢2H5 C2H5 C4H9

Synthetic Complexity(SC; 2t0| 00f] 717t2 +58 4831 7ksd 1)
= (35 X NSS/NSS, ..} + (25 x RYRY ) + (15 x NUONUO,,,,} + (15 x NCCINCC,,,,) + (10 x NHCINHC,,..)
WNSS: B AWM RY:FEES NUOEN DPE B nCoC: W EM B NHCSE B A B (Cobbern 712 vt § 2192 984h

T Quenching/neutralization, (21 Extraction; 3 Column chromatography; @ Recrystallization; @ Distillation/sublimation

-} BDD NSS {4) & RY {3 13} & NUO {'?) & VCC {3) & NHC [3)

C;HLCHs
; Br, AlC), CiHy 5 e H
E HOLC COH @ @ HO,C COH @ @ A @ 5 E
E Br
0000 00 0008 S W T T T BT T W S N T U NS AT A R RN R R LR R R

R . CHy_C H, Fca"a Manps Gy ol s

i @ 2 EI'! -

l' :

!r

= FPy : VQS (2) & RY (1 14] & NUO (2) & NCC (2) & NHC (1)

88-65



2021-11-30

[= 3]
Pty wepd
™6l g5 sE3EERaz $hgaeiaRRAAREIRARECER

V Wiy RRES

L L

. 4 AEE

88-66



2021-11-30

[= 4]
Py wop2

o [ 4 ~ i T nr"’j’ ¢

|
|
|
|
|
1 | “
8 il M LR | -
a B T & 5 4 3 2 1 o0 ppm
g 28|18 = Bl =
= b= (| [ - LU

[= 5]

Bro S 57 gr

P(F-FPy)

88-67



2021-11-30

[= 6]

S

ol
™

ssEsesaaaaa
T T
g 8

N

;i

I8d 2

88-68



Br Br

X: FICI

P(F-FPy)(PM6=0.2) R: 2-Ethylhexyl, X: F & 1=0.8, m=0.2
PM6(FPy=0.2) R: 2-Ethylhexyl, X: F & 1=0.2, m=0.8
PM7(FPy=0.2) R: 2-Ethylhexyl, X: Cl| & 1=0.2, m=0.8

88-69

2021-11-30



2021-11-30

[= 8]

pRm

|

88-70



2021-11-30

[= 9]

ELES

ALY

[efnba

88-71



[= 11]

L) | 1 } A
2iEls g R
e : g

88-72

2021-11-30



[= 12]

450

440 -

'S »
por r
[} [ ]
1 [

Energy (kcal/mole)
8
L

430 -

%
Lt

“+——— More sta

FPy in M-PM6(n=2)
—a— Left side
a —e— Right side
Higher energy barriers

Metastable

le states v

—T T T T .
-160 -120 -80 40 0 40 80 120 160

Dihedral angle (°)

88-73

2021-11-30



Weight (%)

13]

100
90:
80:
?0:
50:
50:
40
30:
20 -
10:

{—— P(F-FPy)

—— P(F-FPy)(PM6=0.2)
—— PM6(FPy=0.2)

1—— PM7(FPy=0.2)
i : |

I 4 1 * 1
100 200 300 400
Temperature (°C)

88-74

500

2021-11-30



2021-11-30

[= 14]
1.0
—— P(F-FPy)
{—— P(F-FPy)(PM6=0.2)
o5 |—— PMB(FPy=0.2)

—— PM7(FPy=0.2)

0.0+

E11. o e __-—___‘F_;—_ﬂ_______;_r___;_-—”

Heat flow (W/g)

-1.0 = ]

-15 T : T T T T T . T ¥
50 100 150 200 250 300
Temperature (°C)

88-75



2021-11-30

[= 15a)

1.0 5

0.8

=]
[=)]
1

Normalized intensity
o
i

o
ha
L

0.0 44—
300 400

T T T T
500 600 700 800 900 1000

Wavelength (nm)

88-76



2021-11-30

[= 15b]

1.0 -

o
o
I

o
=
1

o
~
1

Normalized intensity

o
8]

P(F-FPy)_Film(CF)

—e— P(F-FPy)(PM6=0.2)_Film(CF) —%— PM7(FPy=0.2)_Film(CF)

0.0 -—+— PM6(FPy=0.2)_Film(CF) = —e— BTP-eC9_Film(CF)
T ] T T T I T

r ] [] T T
300 400 500 600 700 800 900
Wavelength (nm)

T T

1
1000

88-77



2021-11-30

% 15¢]

0.003

—a— P(F-FPy)

|—— P(F-FPy)(PM6=0.2)

—A— PM6(FPy=0.2)

0.002 4—»— PM7(FPy=0.2)
—a—BTP-eC8

0.001 -

0.000 -

Current (A)

-0.002 -

Potential (V)

88-78



% 16a)
10
_ —=— P(F-FPy):BTP-eC9=1:1.2
" —e— P(F-FPy)(PM6=0.2):BTP-eC9=1:1.2
_ —a— PM6(FPy=0.2):BTP-eC9=1:1.2
s iy —v— PM7(FPy=0.2):BTP-eC9=1:1.2
=
g .
£
S
B
@
k=]
¥
o
5
Q
I I ]

02 00 02 04 06 08
Voltage (V)

88-79

2021-11-30



% 16b]

80 -

60 -

40 -

EQE (%)

20

P(F-FPy).BTP-eC9=1:1.2

—e— P(F-FPy)(PM6=0.2):BTP-eC9=1:1.2
—a— PMB(FPy=0.2):BTP-eC9=1:1.2

—v— PM7(FPy=0.2):BTP-eC9=1:1.2
Y T T | T T : T Y

I " I
400 500 600 700 800 900
Wavelength (nm)

88-80

1000

2021-11-30



2021-11-30

= 17]

17, Bsongrecgonpdan-io., Debsec-pu. Dece, Koo . Ay e
e o2 52 600 1o60 Fec o2 sy e oot No. - TP-215-0500 '.P
W DAL £ KT Fagel 2 )| 2 JPagss

» Test result [

“Opaque OPVE @ Aes 0.04 o

0831 | 1080 26253 73842 0940 | 0,686 | s
1V Curve
z e \
E-{ & L oz o4 0B ﬂﬂ\
- -5
Voltage(V}
Power
Lo \ -
/S \
g—c,z___ﬂ_ ﬁ; 4 [ 0 a\
ventage(v)
Check Cerilicate ol Authastily © <0 &3 609 1HEG
WA= S T-02{00) (HOFEA0T G NSRRI A2 = 26T)

88-81



2021-11-30

ITSD{I

1000

= 18]

25

o a) P(F-FPy) i b) P(F-FPy):BTP-eC9

qyy (A7)

88-82



[= 19a]
10°
j0ut-of-plane (OQOP)
1—— P(F-FPy)
10" 4— P(F-FPy):BTP-eC9

Intensity (a.u.)

}—— PMB(FPy=0.2)
}—— PMB(FPy=0.2):BTP-eC9

wé\’__:/\\
I ey
10/\/ __,./\\-

88-83

2021-11-30



2021-11-30

[= 19b]

10°

3In-plane (IP)

i—— P(F-FPy)

10" 4—— P(F-FPy):BTP-eC9
3—— PMB(FPy=0.2)

" }—— PMB(FPy=0.2):BTP-eC9

10° 5

10° /‘\\.‘_‘: e

1
10" =+ . e e o AR

Intensity (a.u.)

88-84



2021-11-30

[= 19c]
1095 Pole figure
P(F-FPy)
—— P(F-FPy):BTP-eC9
0.8 4 —— PMB({FPy=0.2)
—— PM6(FPy=0.2):BTP-eC39
=
@
c
©
E
o
[ob]
N
©
E
=]
Z

465

88-85



[= 20]

88-86

2021-11-30



2021-11-30

[= 21]

80 -

60 -

PM6(FPy=0.2):BTP-eC9=1.0:1.0
PM6(FPy=0.2):BTP-eC9=0.5:1.0
{—4— PM6(FPy=0.2):BTP-eC9=0.25:1.0
o |7 PMB(FPy=0.2)BTP-eC9=0.2:1.0
300 4{1]0 5f|]0 B[F}CI T{IJO B[IJO 9[']0 1000

Wavelength (nm)

20

88-87



2021-11-30

= 22]
100
ITO/PEDOT:PSS/PM6(FPy=0.2):BTP-eC3/PDINN/Ag/WO,

3
3
| =
[
=
E
w
c
© 1
o —1.0:1.0

o 0.5:1.0

—0.25:1.0
1+—02:1.0
5 Only Ag(13 nm)/WO,(25 nm)
[ L I " 1 4 1
400 500 600 700
Wavelength (nm)
[= 23]

88-88





