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AghE ofg A7) AP EE A o}ALFAY] AP EE wA e Ba7) A we wHE dgo}
W) XAE EE w8 ofgoluly); @ Ei w@E okgolwy]; NF E: wXaE deoldeln)
7 A wE AR olgr); Mg wE wARE TRoddr); A wi: wARE AuEs); A8 e
nAEE FFA; AS me uAsE soledr]; A mi wAs® AU A Ee wAsy
A7), g wiE v EE dx=E7]; €N, 0, S, Se, Te = N olAs xEEE X% e v xEE
ez 7] o] Fold ol AeEAY AT 2o A Zgude A8g ¢ i

R, R % R 217 SeHom 44 Hoher]; @247 A8 EE aA8d 907 A8 £ w89 A
olZmerA7]: A i uAeE ofP A7) AP d obEEZA ) Mg i vABE B2l
Ag e aARE Holns]; AF wE wASE ojdelwy]: B i WA BE ofFolny]; AF E
) 7 Ag A e olgy]; AE Eb uAgy EReddr); A@ Ex uAD

ﬁf]
rlot
)
S
)
fu

o

o
i)

o

g Sof, ¥ IHe mE HAxd aRAs 22 FHl
A qbgAol - = v, TAMeR, Eouwe A=
o AR, oEge] A dEAe die) &xvt
= 340T o]dd 4 At
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=
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S I~
o 5
A=)

EES 8 = 9
b w7 SEHE

, A7) FEAETE vEY
2, AR a1&2x=

o}.

dZ  Bof, A #EHA IgES ITIC(3,9-bis(2-methylene—(3-(1,1-dicyanomethylene)-indanone))-
5,5,11,11-tetrakis(4-hexylphenyl)-dithieno[2,3-d:2',3'-d']-s-indaceno[1,2-b:5,6-b' ]dithiophene) =2
ITIC-Th(3,9-bis(2-methylene-(3-(1, 1-dicyanomethylene)-indanone))-5,5,11,11-tetrakis(5-hexylthienyl)-
dithieno[2,3-d:2',3'-d']-s-indaceno[1,2-b:5,6-b'ldithiophene) % 3} ol¥S g 4 o},
TFAARoR, HEzd FFIELS ITIC(3,9-bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone))-5,5,11,11-
tetrakis(4-hexylphenyl)-dithieno[2,3-d:2',3"'~-d']-s-indaceno[1,2-b:5,6-b" ]dithiophene) = ITIC-
Th(3,9-bis(2-methylene-(3-(1, 1-dicyanomethylene)-indanone))-5,5,11,11-tetrakis(5-hexylthienyl)-
dithieno[2,3-d:2",3'-d' ]-s-indaceno[1,2-b:5,6-b' ]dithiophene) ¥ < Ut}t. Hu} FAHo =z nZed 3
B2  ITIC(3,9-bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone))-5,5,11,11-tetrakis(4-hexylphenyl)-
dithieno[2,3-d:2",3'~d"' ]-s-indaceno[1,2-b:5,6-b' ]dithiophene)d 4= AT}.

N

wek, A7l EHd e G YA FEA B G EHA FEA F o= sk oS XS & vk, A
How, Fod FFELS Gy Feld A B2 G 2 FeAd & Aok, Bop A8z, Eod 3=
= G Zed FEAY 5 vk dE 5o, A7 E9d S9E2 PCaBM ([6,6]-Phenyl-C61-butyric acid
methyl ester), PC;BM ([6,6]-Phenyl-C71-butyric acid methyl ester), IC60BA (1',1'',4',4''-tetrahydro-
di[1,4]methanonaphthaleno[5,6]ful lerene—C60), Bis—PC——4BM (Bis(1-[3-(methoxycarbonyl)propyl]-1-
phenyl)-[6,6]C62) % Bis-PC70BM, Bis—PC;BM (Bis(1-[3-(methoxycarbonyl)propyl]-1-phenyl)-[6,6]C72) 2=
ool o wAFH AEHE 1F oS T 5 vk FAHeR, A7) Eod 8eE2 PCBM ([6,6]-

Phenyl-C61-butyric acid methyl ester), PC;BM ([6,6]-Phenyl-C71-butyric acid methyl ester), IC60BA

(1',1'",4",4""'~tetrahydro-di[1,4]methanonaphthaleno[5,6]ful lerene-C60), Bis-PC——4,BM (Bis(1-[3-
(methoxycarbonyl )propy! ]-1-phenyl )-[6,6]C62) T= Bis-PC70BM, Bis-PC;BM (Bis(1-[3-

(methoxycarbonyl)propyl ]-1-phenyl)-[6,6]1C72)4 4 Ut}.

F7IH AR = 79 22 FA4E Mo 2Z2A 3 oA HEdas
o=, Ao wE FUlHGAA= oyx] WMEaso] 9% oY & o, Hu)
71 GAA = olvx] gl 9% o1, 9.5% ©]F, 10% o] & 11% o3 +
3lte] o Z2A FHEHAFIOE YA AIFETOEA B AR 22 AMEE ¢ o, 2Bt
o|EoA tEAHor ALEE spiro-OMeTAD (2,2',7,7'-tetrakis—(N,N-di-4-methoxyphenylamino)-9,9'-
spirobifluorene)S thAlg 4= 9l

Lo B die] 2 dAEY EWAAEHE Y] AEd AR RS f7INEASe 23 4 9l

s A J ] |

A=A ToRAN 7] A=A a2 AHEE o le,
1

ER, B ouge] mE foligelent 4y AR nRAE 4TSS Er 4IFAT LFT S
ek, FAHoR, 47 f71EYTILEE A4S B AFFYFTORA L AR4 P} e 5
gom, BEAS AT + Utk

olst, 47 AEd NES WMEOR, AN Eug Fxstel B 4YS U% Pl APdh ] 44
dlt W owEe dAety] A9 Aow, W owgel PeusE dgsels e oht
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ZIHSd 10-2019-0103064

Az 1-1. 2,3,5-Eg]H 2R -4-2Alo] 93 (2,3,5-tribromo—4-hexylthiophene) ¢ &4

S S.__Br
Br
-/ \
Br, Br
—'_
AcOH

WA JAFAA AAZ X33 & A Bo7|oA] 27 Zg2~Hd 3-8AA}o] 23 (3-hexylthiophene, 5g,
29.7mmol) 3} oA AAI= (acetic acid, 10ml)E ¥Etr}d. o] &do] H=2ZwW (bronmine, 7.82mL, 15Immol,
4.5eq) S 3] Artgk T oA 4x7F S WA T Fo 60T R TFEEte] 244 %F T mHEA|ZIE

o] & ol AUEF (sodium bisulfite) E3fFgdoz F3A &, S22IXFCZE FE3IY. 53 &

ol e Eo= 3kab ulaud|45(Magnesium sulfate, MgSO04) 3follA] A= 3 n-3E€h(N-Heptane)S ©]-&3fe] A" AA
slo] o w@Ale] HAo] e AAE FEF 53%E AUk 1 NMR (400 MHz, CDCl3): & 2.65-2.61 (m, 2H),

1.54-1.46 (m, 2H), 1.39-1.26 (m, 6H), 0.93-0.86 (m, 3H).

Azxd  1-2. 3-BERE-4-A2Alo]QH-2 5-tlo|du|AE g HE A gl (3-bromo-4-hexyl thiophene-2,5-
diyl)bis(trimethylsilane)9] ¥4

S._Br S._TMS
Br ™S
\ \
Br n-BulLi Br
—’.
TMS-CI

WA AFgolx AL X3 5 AL Bl 27 ZetAFd 2,3,5-ER B2 -4-2A}o] 9 #H(2,3,5-

tribromo-4-hexylthiophene, 6.4g, 15.8mmol)@} E|EZ}slo]=2F 2 (tetrahydrofuran, 35ml)S YErt}. o] &
ollo]] -78CNA] 2.5M n-FE 2 EF(2.5M n-BuLi in hexane) 13ml, 31.6mmol, 2eq) S HAH3| #H7}3 & 30& F<ot
A 7|z S22 EWEA S (Chlorotrimethylsilane, 4.28mL, 34.76mmol, 2.2eq)S H7Fs & wjAE A

Aste] 307 Bt WAL, O Fo B3 FRIIEOR FEIHT. FEI L9 B A ntadlg sl
A AZ F -ES olgste AY AAS A @] HAo] v AAE F5EF 95E AT 1H MR
(400 MHz, CDCly): & 2.67-2.63 (m, 2H), 1.56-1.52 (m, 2H), 1.45-1.33 (m, 6H), 0.95-0.92 (m, 3H), 0.39-
0.31 (m, 18H).

Az 1-3. 3-ZF 9 Z-4-3F2A}o] 9 3-2 5-tho]|dH| A~E g W e Al 7 ¢l (3-fluoro-4-hexyl thiophene-2,5-
diyl)bis(trimethylsilane)9] ¥4

™S S._TMS S._TMS

< TMS\K’

Br n-BuLi F

NFSI
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[0165]

[0167]

[0168]
[0169]

[0171]

[0172]

[0173]

[0174]

[0175]
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HA, AFA] FAZ gt & A F7loA 37 FekaAdd 3-HEE-4-F A1) 9 3-2 5-tho] YH] 2~
EgWgdAd g el (3-bromo—4-hexylthiophene-2,5-diyl)bis(trimethylsilane, 3.97g, 10mmol)¥} E|EzZ}stol=2
F&(tetrahydrofuran, 155ml1)S 2&tl. o] &M -78TolA 2.5M n-FEEHE(2.5M n-BuLi in hexane)
5.67ml  (14.1mmol, 1l.deq)& M3 H7bek & 308 ¢ wA7IaL Q-FF 2l Eoln = (N-
Fluorobenzenesulfonimide, 5.32g, 15.4mmol, 1.5eq)& AA3| A7lste] 2A17F St wHkAIZITE, 2 Fof] Hjx
5 AABIA ARollA 24A7F B FUIR WRIAIZ F ¥ EREXFOR FE9

o 328 goe T 3
A v g Seld AR F oa-ARS olgdtel AW AAISk] A weae] HHe] it AAT FEE s
Ak, 1H NMR (400 MHz, CDClz): & 2.58-2.49 (m, 2H), 1.54-1.48 (m, 2H), 1.39-1.30 (m, 6H), 0.90-0.88

(m, 3H), 0.39-0.31 (m, 18H).

A Zeo] 1-4. 2,5-T)|BEH-3-ZF 9 F-4-3 2 Alo] @3 (2,5-dibromo-3-f luoro-4-hexylthiophene) 2 ¥4

S S
™S &3 T™MS Br-h\ [ Br
3
F NBS F
AcOH, CH4CI
WA, gl AR X3 F, A FHVAA 27 EEfaTe 3-E2F L 2-4-FAxlo] 2 3-2 5-rho] Y H| ~
EgugAd gl  (3-fluoro—4-hexylthiophene-2,5-diyl)bis(trimethylsilane), 1.31g, 3.96mmol)3} o} HA|
= (acetic acid, 20ml), ZZZF¥3E(chloroform, 170m1)E Y&t} o] & ol-HZ T XA]o]u]=(N-
bromosuccimimide, 3.40g, 8.71lmmol, 2.2eq)& FH7}8 & Ad2olAl 72A|7F & WHHAIFTE, o] & o}3Aky A
UEF (sodium bisulfite) Z3Fgdon ZFIA|7] & FEIIEo0Z Z2Z3 0}, -ir%?ﬂ' g B A
vl 74|45 (Magnesium sulfate, MgS04) slollA] 7% & n-#EF(N-Heptane) S o]83sle] AE AAsle] o kA
o] HAo] Qe dAE F5F 98%%= LAk, 1H NMR (400 MHz, CDCls): & 2.54-2.50 (m, 2H) 1.53-1.49 (m,

2H), 1.35-1.28 (m, 6H), 0.91-0.87 (m, 2H).

Az 2: fTh-C8 E=m A

Az 2-1. 2,3,5-Eg|H 2R -4-o|da2Alo] 93 (2,3,5-tribromo—4-ethylhexylthiophene)2] ¥4

Br
- Br\ rz T \ 5
// —Br
\/\/l\/ T AcoH \/\/\/J\
Br
WA, Aol daw A8 5, A B97]lA 290 ek 2-Ber-3-odddAte] 9l (2-bromo-3-

(2-ethylhexyl)thiophene, 5.2g, 18.89mmol)3} OFMElMA|= (acetic acid, 1lml)E E&TF. o] & BEW
(bronmine, 4.87mL, 94.45mmol, 5Seq)& F 3] A7}k F Aol A 4A3F Fb WHAZT, 2 Fof 60C= 7}
galo] 24417 ¥ WHEAIT}E, o] T o}l AU ER (sodium bisulfite) E3FFgAog FIAZ F ZF=2
RAEFOR FE3T. FE3 &I T4 34 vl (Magnesium sulfate, MgS04) shollA] 1% $ n-F&H(N-
Heptane)2 ol g3te] 2 AAste] o wabale] Fgo] Qi MRS F5H 67%= AUtk H MR (400 Mz,
CDCl3): & 2.59-2.52 (m, 2H), 1.75-1.64 (m, 1H) 1.38-1.16 (m, 8H), 0.93-0.83 (m, 6H).

Az 2-2. (3-HE2EA4-(2-o & &) Ale] 2 #-2 5-tho] )| ~(Eg] W& A e Ql) ((3-bromo—4-(2-
ethylhexyl)thiophene-2,5-diyl)bis(trimethylsilane))2] A
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[0177]

[0179]

[0180]
[0181]

[0183]

[0184]
[0185]
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Br . TMS
J ™ S n-BulLi 1\“’5
-B —_— ! TMS
R o \/k{ d TMSCI LT T, /'\:/
Br Br

wA, AgellA AaR X3 F, " B7lelA 27 ZEpszel 22,3,5-EHE R -4-o|H 8 to] o3
(2,3,5-tribromo-4-ethylhexylthiophene, 5.50g, 12.7mmol)¥} E|E#}slo]=2F T (tetrahydrofuran, 28ml)<-
Y=t} o] Mo -78CoA 2.5M n-F-E2]E(2.5M n-BuLi in hexane) 10.2ml, 25.4mmol, 2eq)E 3] A7}
3 3 308 FoF wvkAy|a FR2EFuE @ (Chlorotrimethylsilane, 3. 38mL 26.67mmol, 2.2eq)S A7}
P& wAE AASEY 307 B9 wNHAZIYE, 1 3 B FRERIECR FEIYPY. FET LA T F
wtdlsr stellA Hdx F n-FES o] &ate] Ad AAst] A =M Aol e AAE F5F 38R

ATk, 'H NIR (400 MHz, CDCly): & 2.67-2.60 (m, 2H), 1.18-1.73 (m, 1H), 1.33-1.14 (m, 8H), 0.90-0.80

rz r°1'

(m, 6H), 0.41-0.30 (m, 18H).

Az 2-3. (3-(2-EI)-4-ZF S ZAlo| o3-2 5-tho]d)H|~(EmEdelQl) ((3-(2-ethylhexyl)-4-
fluorothiophene-2,5-diyl)bis(trimethylsilane))2] A

“~ ™S ™
\”S n-BuLi \[ \f’S\K
/ ‘ Y 7

Br

HA, Aeolld ez X &, dh E97]dA 37 FekaAed  (3-BRE-4-(2- ") to] e Hll-2, 5-th
old)H|A~(Eg e e )  ((3-bromo-4-(2-ethylhexyl)thiophene-2,5-diyl)bis(trimethylsilane), 4.73g,
11.3mmol) 3} EHE#slo]=Z F 2 (tetrahydrofuran, 100ml)E YErh, o] &M -78THA 2.5M n-¥dalF
(2.5M n-BuLi in hexane) 5.40ml (13.5mmol, 1.2eq)S 3] Z7}et % 30& F<F wukAI| A-Z2FQ

A o) u] = (N-Fluorobenzenesul fonimide, 5.33g, 16.9mmol, 1. Seq)o A3 Arrste] 2A13F 59 wHkAIZ]
I Fo Wi aE AASFY] Aol A 24A12F B FUER wATl & By SRIXFEOR FEot. F

2 e A nladlg StdlA AR F on-FES o 8dte] HY AASY A =B FAo] e HAE

FE5 2042 Atk H NMR (400 MHz, CDCly): & 2.52-2.46 (m, 2H), 1.68-1.56 (m, 1H), 1.34-1.30 (m,
0.91-0.80 (m, 6H), 0.35-0.21 (m, 18H).

A Z o 2-4. 2,5-TU 2 R-3-(2-dd A A )-4-ZF 0 2 Alo] 2.3 (2,5-dibromo-3-(2-ethylhexyl)-4-
fluorothiophene)®] 34

TMS

AcOH, CHACI

WA, AFolA AR XFe 5, Ah E97|oA 27 Fetade  (3-(2-dE &) 4-EF 2 Aol 3-2,5-
tolehHn| = (Egde A el) ((3—(2—ethylhexy1)—4—fluorothiophene—2,5—diy1)bis(trimethy151lane), 0.8g,
2.23mmol ) #} oFAEMAI= (acetic acid, 6.5ml), FEEZEE(chloroform, 65ml)E Y&t} o] & qd-B=
A AJo]u] = (N-bromosuccimimide, 0.9g, 4.91mmol, 2.2eq)E H7F3 & AR2oA 7247k %0‘} WHA Tk, o]
o} AU EE (sodium bisulfite) EsFENoR FIAZ] & FEEZYFOR FE3T), 3l gl
T 32k v (Magnesium sulfate, MgS04) dtold A% ¥ n-FEH(N-Heptane) S ©]-&3}o] A8k

o] o wmede] HAo] gl MAZ FEE 6192 AU H NR (400 MHz, CDCly): & 2.48-2.37 (m, 2H),

=z =

o b

=
=
El

o

1.67-1.57 (m, 1H), 1.40-1.15 (m, 8H), 0.95-0.80 (m, 6H).
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[0195]
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A4 1 : P(fTh-BDT)-C69 F3

|
g™ g J
o e

S._Br ) Pd(PPh,) o
Br— \ S8 s . |
L+ s ————— W
F ; = \f/ i Toluene, DMF L7 ’\“\ J
: s i
9 |

!
{ \j\g / “’ji

2,5-UHEH-3-ZF Q0 2-4-3NAAlo] 0 #l (2,5-dibromo-3-fluoro—4-hexylthiophene, 34.4mg, O.lmmol), BDT
(77.2mg, 0.1lmmol), HIEZI|=(EHALE23)ZEHE(0)(Tetrakis(triphenylphosphine)palladium(0), 5mg,

0.0049mmol) ¥} EF<M(toluene, 3ml), THWEEEoln]=(Dimethylformamide, 0.3m1)E ZFES 308 <t 7&
o AL XS, 110CAA  BFAIZIH 72A1F QF RESAIZIY. I $o 2-B R RAPO]QH(2-
bromothiophene, 0.1m1)< S 4A ZF HE-S-A] 2 Q. #(2-

70 S0l 2-EF g 2 dAto]

3 AAZE ¥ REEAIFT. EES AR Waste] deEkge §&

T g F5 F, IERES IEAE Al dEs, ofbAlE, Ak, odo}

% (Soxhlet extraction)dte] - whztaeo]l wx] XA & (P(fTh-BDT)-C6)
(400 MHz, CDCly) %= 1a$t #o] Yebwtct.

<
(Tributylstannyl)thiophene, 0.1ml)& 4
o17] EEYEOR 557

-2 A

. 1H NMR

tlo
ne
o
H
)4
;}10 iy
flo
g
52
u)

A A4 2: P(fTh-2DBDT)-C6¢) =%

Pd{PPh3),

A

g
Toluane, DMF

N

2,5-UHEH-3-ZF Q0 2-4-3NAAlo] 2 #l (2,5-dibromo—3-fluoro—4-hexylthiophene, 39mg, 0.113mmol), 2DBDT
(102.2Img, 0.113mmol), ElEZZ|=(EFHDE2M)Z2}5(0)(Tetrakis(triphenylphosphine)palladium(0),
5.65mg, 0.0049mmol)3} EF<l(toluene, 3.39ml), tjHWlE€ ¥ Eolv]=(Dimethylformamide, 0.34ml)E ZFZS 30
et A Feol AAR X ESE. 110TelA EFAI7IH 7247 FoF whEAIZITE, 1 Fof] 2-H 2 RALo] @ 3
(2-bromothiophene, 0.1ml)< Y 4A|ZF RS- A1 71 e 2-Eg]F-E g dAfo] 2 #(2-
(Tributylstannyl)thiophene, 0.1ml)S €l 4A1ZF © WESAATH E3ES A271%] W¥Z5te] wggo F
i F5 5, IR 2EAE 47] A dEs, ofAlE, 4, odolAElolE, FREEFOR £&

k- 3)

o
k-3
FE8lo] Fe wzrel wA AYAE(P(fTh-20BDT)-C6)S L, &2 529 k. 1H NMR (400 MHz, CDCI
-

[e)
L.
=

=

N
o
=

2,5-CtH 2 H-3-(2-o g )-4-ZF 2 2ZAlo] 23l (2,5-dibromo-3-(2-ethylhexyl)-4-fluorothiophene, 44.3mg,
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[0199]

[0200]
[0201]

[0202]

[0204]

[0205]

[0206]
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0.119mmo1) 2DBDT (107.68mg, 0.119mmo1) HEZ7| = (EYHIEAT )"é"jjr
(0)(Tetrakis(triphenylphosphine)palladium(0), 6.93mg, 0.006mmol)3} EF<l(toluene, 3.6ml),
ol =(Dimethylformamide, 0.36ml)E F¥FS 30F & T2 Fo| dA=Z XEst), 110TolA 3?_‘r-|e-r
A7 BoF "k AZITE, 1 Fof] 2-H 2 FALo] @ #l(2-bromothiophene, 0.1ml)S YWl 4A1ZF ¥H-3A]71
Fe g dArle] @ #:(2-(Tributylstannyl)thiophene, 0.1m1)& ¥al 4A]7F o HESAIHAT. E3ES HA27)
Wzdste] dwggd H& ¥ 9§ Fn F, IEREY IEAE 47 98 HEE, oME
oHolAEClE, SRREEFOR £E5Y FES] I Wk 1A A& (P(fTh-2DBDT) C8)% AL, F&
=

Lok #ol vEbsttt.

>§

< 10%%ltt. I NMR (400 MHz, CDCl3)<

AAd 4. F7I B FAA A A=}

7l ARl IT0(10 Q/sqel AE A3, F7 1,500A) FHd=o] dAE 7]#(olst 170 7]#olet dhH<
AzsA . o] 110 718E& ofAlE, U3 22} 9
7} 15 3 2594 S ds & ziif\liiv}. oo, g7l Eeh=nr %
2 Ptorl. Thof, [T0wo R o]FoXE= &2 9o, Az}
Aol o3 40nme] TFAR FAYTE o] 7S 150 TolA 1 AlZF 2AA &, =4 767
ppme]dte] Egfo] A 97| FHH BlaR o|Fstal, A FolA AREA e MENS Zhe
ol A AZg P(fTh-2DBDT)-C6, HA +&A Am=2A HEFA P ITICE A& 6}211:} Az FolA A=
AR 84 A5 vE&S 1:0.7-1:2.0 ¥ WE ZAH3F L, 1,8-t]olo]==%H(1,8-diiodooctane; DIO)
¥33t F22WA(Chlorobenzene; CB)ol &3al3dle] 0.5wt%-1.5wt%h T == ZZ]?‘L LS ~3 FHo| <3
2SS ol m=xskE Aol 98, w7l 100 nmo] FE4TES FAF AT o] F 110 TellA 10 &3+ Az
b ohgel, o] 71¥hg AT AgFA ] MY, FEPT ol =R dSAEE 5 o] AR Fdst
7 9le WFFEAHOE 100 nmo] A Ag 5 55S FAHAA.

Ro32 oo o

A 4ol AAITE FIEISFAR] Az Fol M ITIC thale] ITIC-ThE A3 AL AQslais BF 5Y
3 W oa SIS AA (Glass/1T0/Zn0/P(fTh-2DBDT)-C6: ITIC-Th/Mo03/Ag) & A %38} T},

o]

Hlne] 1 WA 9

71 & 10] e Aud nERE Ao §astel Agsar.

# 1
eteE =
IS PBDT[2H]T
o
//\-, ﬁf’IS/ // ‘
Jr\s = | J/>—<s]ﬁ\
fo) n
\,,11
h
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Hl o] 2 PBDT[2F]T
F F
S / |
/ S
n
Hlnlof 3 PBDT(T)[2F]T
H o 4 3MT-Th
IMT-Th
Hl L] 5 PL6
7
S
n
Hl 3] 6 P6
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[0212]

[0214]
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Hlnle] 7 CeHar HD-PBDT2FT

Hlalef 8 OD-PBDT2FT

v e 9 DT-PBDT2FT
CqoHos

Add 1

B odtdo)] wE HEA nExte] ARS geldtr] €8t NMR(Bruker ARX 400 spectrometer) H418 3§38} o

B, 1 dds = 1ol el

= 1aZ A BRE H NR (400 Mz, CDCly): & 7.61-7.26 (m, 2H), 4.32-4.15 (m, 6H), 2.90-2.62 (m, 2H),
1.86-1.33 (m, 24H), 1.33-0.89 (m, 15H)E P(fTh-BDT)-C6<] NMR ZT}7t& vielujo] AA)d 19 F3to] o] Fof
A AL & F Uy

Tk, = 1bE AHEE, H NMR (400 MHz, CDCl3): & 7.65-7.52 (m, 2H), 7.32-7.26 (m, 2H), 6.92-6.80 (m,
2H), 2.90-2.62 (m, 8H), 1.73-1.30 (m, 24H), 1.12-0.78 (m, 15H)= P(fTh-2DBDT)-C6<] NMR Azt e
o AAld 29] F3to] o]FA AL & F Ut}

9ol & 1c2 AHEW. H MR (400 MHz, CDCly): & 7.78-7.72 (m, 2H). 7.32-7.26 (m, 2H), 6.93-6.84

(m, 2H), 2.89-2.71 (m, 9H), 1.74-1.15 (m, 24H), 0.97-0.70 (m, 18H)E P(fTh-2DBDT)-C8¢] NNR A##&
Ehfjol AAlel 39 Fgto] olFolxl A & 4 AT

A9 2
o] mhe ARy sl FoE, Arshehy 542 gsts] eis, 7] A 1WA 3 % el 1

il 1 il
WA 9ol AzE A=A nEAES Ao =, UV(HP Agilent 8453 UV-Vis spectrophotometer)®} CV(Znahner

_25_




[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

[0225]

[0226]

IM6eX electrochemical workstation) Z|A& ©]&3te] HOMO(Highest

LUMO(Lowest occupied molecular orbital) % EHEi%B(E;m

LR 2T

occupied

ZIHSdl 10-2019-0103064

molecular

& FASgon, 1 AnE ¥ 2, % 3

orbital),

923k 29

¥ 2
HOMO (eV) LUMO (eV) E, (eV)
AR 1 -5.47 -3.39 2.08
A 2 -5.51 -3.48 2.03
AAld 3 -5.69 -3.68 2.01
Hlae] 1 -5.03 -2.93 2.1
Hlale] 2 -5.29 -3.19 2.1
vl 3 -5.22 -3.22 2.0
vl el 4 -5.42 -3.40 2.02
Hlwd 5 -5.28 -3.38 1.9
Hlale] 6 -5.38 -3.63 2.0
vl 7 -5.50 -3.50 2.0
Hlale] 8 -5.52 -3.52 2.0
Hlwd 9 -5.57 -3.57 2.0

¥ 25 Avnd, A} vlad e oy digls FAd

A= HOMO #9)7F -5.47eV UlA] -5.69eVo]aL, LUMO

el 1 WA 3ol M Az A=A o
01

A7} -3.39eV WA -3.68eVoR W= oiiA|7} 2.

eV Ulx] 2.08eVel A& e 4 Q). olF Fdl, T2 ARl EFLE YA EQjoz B dyge e
AwA ko] HOMOSE LUMO &' e] gho] Yozl A& & 4= 3t

T2 8 ¥ 38 Ay, AAde] F5hH | W78 545 g1 F k. E 2av AAY 19 A=A 1
Bxpe] g el 2 IE FEdAY F F5 I3 E JEd 2HEZR, & 2a0A AAld 19 AEA AEAE
320-650 nmoll A &4~ A (absorption peaks)E YERT. = 2b 2 = 2c= 2447 AA]d 2 2 AA]d] 39] AE
A nEAY g9 A 2 25 FHMY F F5 JAE e Td e, E2he E2colE AAd 29 A
Ald3e] A&A mE A= 350-500 nm®} 500-650 nm EFollA F4IaE YeEldE AS B £ b olE T3,
2 oy w2 Axy A= 350-500nme] o] FS Ao FgskeE S ¥ 4 dr

EE, 32 A E 3= A 1A 304 AR AR TRAY 2B
AE e Ao, HEGEGES 9

=
QA AN 50 mV/s o FAF £ 2ANN SBAGATES

o
~
X

TAHCR, = 3aclA Al 19 A=A aEARE -1.16eVol A Eoper
o] A=A IFAE -1.20eVolA Epee ke SAT 4= 3lom, &= 3collA Al 3
M Eose ke ZAT = Atk A7 WAV Bopee) Bh& 7H22M, 22X ©E

AL & dn oW, & ¥R e A=A

VAl

Eiowo (or mo) = ~[Eonset (vs Ag/AgCl) - Eyjo(Fc/Fet vs Ag/AgCl)] - 4.8eV

Ei/2(Fc/Fet vs Ag/AgCl) = 0.49 eV (measured data)

A9 3
B oo me Any nae F94
Azn ARY nRAE

_26_

=
T

545 gds] Adll, 7] el 1A 3 B oHae] 1

al =1
oz, FHFEAZ(Number average molecular weight, M),
M

H(Cyclic Voltammetry)2]
FEF o2 X~ E(BuNPF) 0.1 M9 F4tst Z4&

L), THEARA 9= (Polydispersity index, PDI) ¥ &3] 2%(Thermal
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T, (T)

ol

PDI
2.86
3.00
1.92

1.7

2.1

1.5

2.3
1.47
1.70
2.92
1.88
2.24

H

e
=)

31,917
200,361
17,002
48,000
28,000
49,000
74,000
17,300
11,700
92,114
144,827

240,751

M,(g/mol)

66,794
8,849
28,000
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31,600
77,200
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111,65
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—_— ] = = = = = =]

—— — — — — — — —

A 1
A 2
A 3

decomposition temperature, Tg)

[0227]
[0228]

g/molo]™, tHEAMAGE 1.92 WA 3.002]

3

A 201X10

3

o Ex}gko] 17X10

o

)
Nfo
A

)

g/mol ]

)

o

G

o°
y

Aol 29 2

<

ZHAI A 9,

wr

K
jzel
wr
o
A

)
X

L
L

St

[e)

B A4

Aol o).

}¢] PDIS

9

o, el 20]

i

ko)
i

I

a

-

1 2%7F 300C WA

o

o

350C

[0229]

] %7} 300C

il

& 9.

fo1g
=

3}o]
L I B

315C, 346°C, 308C¢ AL

A 3

oju] o]},
A 2

L
L

1% Aok
A 1

9

Q.

[¢]
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Chloroform
Chlorobenzene
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene
Tetrahydrofuran
Toluene
m—Xylene
p—Xylene
o—Xylene
Anisole
1,2,4-Trimethylbenzene

olwf, ATt O HAEA FEZP7 Lujo

4ol ERTE

Halogenated Solvents
Halogen—free Solvents

Ead

5}71

A 4

[0231]
[0233]



[0234]

[0235]

[0236]

[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

[0244]
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% 3% AR, A 3 WA selA Axd AR nEAE F2A G 80 % 2R g S =
o2 gdEE AS ¢ 4 A o FaA ¥ wwd g AEA nEAE 435} $48 2L B
F stk
A9 5

2 g mE FUIHEAR duA 2&S Hrtsr] s AAd 4, AAd 5dlA AFE FIE A <}
Hlae] 1 WA 99 Ax4 nEAE EFets FUIHFAAE AR 715E 2400 L2avE ) Bgd mel
HAFA(Oriel 150W solar simulator)E& ARl Z47be] &2AE BEX27(Air Mass 1.5 Global, 100 mW/cm,
25C)oNA] @ebdF U (short circuit current density, Jso), 7H¥-d%(open circuit voltage, Voo), & g
(fill factor, FF), % oA 3% & & (power conversion efficiency, PCE)S ZA&Act. oju] A7) <lF ¢
ke Si Ej9¥™ A A (Fraunhofer Institute for Solar Energy System, Mono-Si + KG filter, Certificate No.
C-ISE269) 0.2 HAon, F7IeFdAe &4 d92 4-12 = Aolsiqlvt. SHE A= a7 % 5, =
6 2 %= 7o YERASITE

R )
T dEAFEE AN S 4 E A= WaH
Jso (mA/cm) Voo (V) FF (%) PCE (%)
Ao 4 15.3 0.96 62.4 9.7
A 5 17.1 0.94 62.8 11.1
v ald1 6.9 0.79 39 2.1
H]ald2 11.6 0.94 53 5.8
H] a3 16.9 0.94 62 9.8
W] a4 17.01 0.95 60.08 9.73
H]nl 45 4.93 0.59 0.30 0.86
W) a7 14.4 0.92 65 8.7
H] L8 13.1 0.91 69 8.3
H] o9 13.1 0.95 57 7.0

A7) F AdA, AEEFR)E A dHlA Atgi(Vmax) X AFEE(Imax) /Jge X Voo)olaz, olv#] ¥eta

S (PCE)& FF X (Jsc X Voo) / Pinol™, Pine 100[mW/cmt] o] T},

T 62 AAd 4 2 5904 A FUIHSEAAY 88 HAFE O EZE, dEdFdX(short circuit

current density, Js), WA (open circuit voltage, Vo)== ERASATE.

¥49E 62 AW, AAd 4 2 504 AR G/ HEAAE detAFAEI} 15m/em ool 3, u
Agte] 0.94 V o4k, FAME|(fill factor): 62% o] Ao oix] WMEFRo| 9.5% oo R 953 AL 9l
g 5 g}, pAHoR, AAde fHEAX ] quUx WHEES 9.7% YA 11.1%0]3, Bt} FAHo
11% o184 = b, ole} wimale], Hlmd 1 x| 99 A%A 1EAES Tdshs G71HGAX ] ux] Wa
FES 0.86% WA 9.8%% AHOR AAdET B oux HEFES YR, o2 i, B U
e A5y S eI agosH $5E ux MAEES YEE AL o 5 gt

w3, Ay A 4ol Az GIlEEAA ] S Hrlels] e Azt WE oux] WaEE WlE

BN
o
i

=l
f
)

F

= . 4000A1Zke] Aol = wtetal & el mE A4 AEAE TIEE FUIHFAAE ¢
T oyA WMEasES YehlEz Aksiokd ¥

Feol Hd
101 : WA=/ x==; ITO(Indium Tin Oxide) 2] 7]%

102 : A2/ we= WHZ=; 7n0
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103 : FEAHT

104 @ fe=/AMAE HHZ; MoOs

R
EH]Ia
"~ o ~ OrrodaYMOoOneoNMmMNnMteENYT e £=3
e W w OFOGOS mmmmmmmmmmmmmmm o
w0~ - oYV NNE SO YNINMNAD® o
s E; 03 00/08 08 04 13 4 0008 00 4 b o o b o S o
] | 1 1 T I ] T 1
8 7 6 5 4 1 0 ppm
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EHIc
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lg[ = ]gf 18 13/
| I« |~ = it
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— P(fTh-BDT)-C6

Potential (V)

———P(fTh-2DBDT)-C6

0

Potential (V)
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