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[0109]

[0110]

[0111]

[0112]

[0113]
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st ool #71 §9e £ gnh.

r 0

47 BRAFS B gl e FRAT AATANT AT, He WA £rE Selw 2 gee] W
b naeA e $5a A 2 1 4 At E@, BAUFe wELAY AYHL 24
o = 0

71 flgte], F7Fe] HApAE o x2§E Ak, A7l FH7MAY] A dEE 1,8-Tojol
diiodooctane), 1-EZZYZ &3 (1-CN:1-chloronaphthalene), Utho]#Hdol|e]lZ (DPE:diphenylether), =EHC]AL
o] (octane dithiol), EH|Ez}H 22| (tetrabromothiophene) 5& £ 4 don, &xo wel A5}
vigtE o] ALgE 4 ST},

T, B wdge mE FIAE XS V] FEAAFTS =2 Ax BERE s, dEAFEE(short
circuit current density) @ 70 <t(open circuit voltage)o] ZF7}ete] FAWMBFTES FAAUT. &S =
U w2 FFAE AXFAAZR AL 7] A= P FHvasS 7Y

A 3

2 AREEE Zlojgtd 5We] A= A2 olyu, @8 AA E4S AT 5 k. dEF 59 P3HI(polyl3-
hexylthiophenel), MDMO-PPV(poly[2-methoxy-5-(3',7'- dimethyloctyloxyl)]l-1,4-phenylenevinylene), MEH-
PPV(poly[2-methoxy-5-(2'-ethylhexyloxy)-p-phenylenevinylenel), P30T(poly(3-octylthiophene)), POT(
poly(octylthiophene)), P3DT(poly(3-decylthiophene)), P3DDT(poly(3-dodecyl thiophene), PPV(poly(p—
phenylenevinylene)), TFB(poly(9,9'-dioctylfluorene-co-N-(4-butylphenyl)diphenylamine), Polyaniline,
Spiro-MeOTAD([2,2',7,7'-tetrkis (N,N-di-pmethoxyphenylamine)-9,9'-spirobifluorine]),
PCPDTBT(Poly[2,1,3-benzothiadiazole-4,7-diyl[4,4-bis(2-ethylhexyl-4H-cyclopental2,1-b:3,4~
b'ldithiophene-2,6-diyl), Si-PCPDTBT(poly[(4,4'-bis(2- ethylhexyl)dithieno[3,2-b:2',3'-d]silole)-2,6~

diyl-alt-(2,1,3-benzothiadiazole)-4,7-diyl]), PBDTTPD(poly((4,8-diethylhexyloxyl)benzo([1,2-b:4,5-
b'Idithiophene)-2,6-diyl)-alt-((5-octylthieno[3,4-clpyrrole-4,6-dione)-1,3-diyl)), PFDTBT(poly[2,7-(9-
(2-ethylhexyl)-9-hexyl-fluorene)-alt-5,5-(4", 7,-di-2-thienyl-2',1',3"'-benzothiadiazole)]), PFO-

DBT(polyl2,7-.9,9-(dioctyl-fluorene)-alt-5,5-(4",7'-di-2-.thienyl-2',1',3'-benzothiadiazole)]),
PSiFDTBT(poly[(2,7-dioctylsilafluorene)-2,7-diyl-alt-(4,7-bis(2-thienyl)-2,1,3-benzothiadiazole)-5,5"'~
diyll), PSBTBT (poly[(4,4'-bis(2- ethylhexyl)dithieno[3,2-b:2',3'-d]silole)-2,6-diyl-alt-(2,1,3-
benzothiadiazole)-4,7-diyl]), PCDIBT(Poly[[9-(1-octylnonyl)-9H-carbazole-2,7-diyl]-2,5-thiophenediyl-
2,1,3-benzothiadiazole-4,7-diyl-2,5-thiophenediyl]), PFB(poly(9,9'-dioctylfluorene-co-bis(N,N'~
(4,butylphenyl))bis(N,N" -phenyl-1,4-phenylene)diamine), F8BT(poly(9,9'-dioctylfluorene-co-
benzothiadiazole), PEDOT(poly(3,4-ethylenedioxythiophene)), PEDOT:PSS(poly(3,4-
ethylenedioxythiophene)poly(styrenesul fonate)), PTAA(poly(triarylamine)), Poly(4-butylphenyldiphenyl-
amine) 3 o]E5°] FFFAANA st = E ol AHdE =H4& 5 F AU

A7) A2AFoR Ag bed AFARRE B E/ T, BoeE/ 2w/ ST, SE0E/ 0, B
MR/, BORLE /ST, v/ 2O, 2, 3, &, e e 3 aFiasE F
A4 deg 5 gor, wgAsAs &, GFE, FTuE/DE EE

EshubE/vbE /g TRE AR
H A5E AbEeke Alo] Eoh
B A2-= BT Abolol]l AAFETo] AYE FE don, AV AAFETLS aHAATES xTEe
wHAsESoR | Y] a&52keEe old @A EE A ofyy, o]ibslEIEH(Ti02), ©]AFstFA](Sn02), AFsh
okl (Zn0) S Y=siAt atstE= AL 5 vk, T A7) ARASESS ZYWA B AR dxeE
ST F4E 89S FHE] GdF oo ® FAAT & vk, oW, MAFEFTS obv|=(amino-) EE FEF
(ammonium—) 28717} H7be Alel= ARIS X3S n-BlY &AL AATET EH ToAA 1F oS A
&sto] AT # A, Alokvm 878 7= EB-EE PN, F3N, PDINO| sigs i, 47] 4Eu 487
Z 7HXE 228 -FN-X(X=Br, I, F, CI)/PFN-X (X=Br, I, F, Cl1)/-PDIN-X (X=0, )& & & It}

A= HAA(electron)7t o2, AF(Hole)o] F=Foz mArprls dgo,
FHAA = W E AR} (electron)7t F=Fo2, FF(Hole)o] =22 wAUris 82, £ 29

ok, B aye WA s A APk, @, 7] ANE B owy

L.

o] Wgol 7] Aol ofel M= AL ofyrh. olu, ARgH= Vs &
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o7k giehe, o] Wio] &ate 7% RoklA B A4 74 At BAMoR olsstn Ye g s
vk, wmgk, FHo w4 V=d 74 F AEel gk vkEEe AW AEEr| 2 g,
[0114] [Azd 1] 35t A9l Ax
o (0]
(o] O—/ 0o
Br. B2 1)secBuli,-78°C g 1) SHCH,COOC,Hs 7z
m 2) Diethyl oxalate T e} 2) K,CO3, CuO /\O {
. , /
s Ether s DMF, 80°C s
1-a 1-b
e B
o (\) S SA/UBBU
~~Bu
o 3
NBS s g
CHCl;  ~0O A\ Pd(PPhs), , Toluene
Br s’ Br
1<
NBS
CHCl,
[0115] A
[0116] 3}3tE 1-a9 Ax
[0117] 3,4-dibromothiophene (50g, 0.206mol)& AZA 7|4 stell G#1¥ Diethyl ether (250mL)ell &3|AZTh. -78C
ol A sec-BuLi(24.1g, 0.376mol)S X438l A7Fsk & 308 7+ wwkslFTh. Diethyl oxalate(57.1g, 0.217mol)
A

18
£ Diethyl ether (125mL)oll &3|AIZI $ -78Col A 7] §AE& A A3 Hriste] 2A17F wHksie). w3 &%
= &S B3 Diethyl etherE o]&3to] FE3UTE. F7] T& MgSO/dollAl AxA|7] o 7skglth. Ethyl
acetate / Hexane & ©l & o2H A&3le] Ae|7td A AZvfEaI=2 GASte] FA4 AA 2 33HE 1-a
= $5 59 tH(35.35g, 65% yield). "H-NMR (300MHz, CD.Cls), & (ppm): 8.56(s, 1H), 8.36(s, 1H), 4.49-

4.21(m, 2H), 1.47-1.31(t, 3H).

[0118] 33E 1-be Ax

[0119] 3}etE 1-a (40g, 0.152mol) % Potassium carbonate(29.4g, 0.212mol), Copper(II) oxide(8.11g, 0.152mol)
2 &4 715 3ol N,N-Dimethylformamide (120mL) ol &3sjA|Z T}, 8o Ethyl-2-mercaptoacetate(20.09g,
0.167mol)E A A3 #718 5 80Tl 3642 wwkslgict. ¥hs & NS of3hate] Copper(11) oxideE A A%+
< E& A7 e9dtt. Diethyl ether® o]&3ty F&F & {7 S5 MNgSO, dollA HxA7| o Fsk3irt.
Ethyl acetate/Hexane & ©o]|BArO 2ZM AlLgste] Ag714 A8 AZnlEdga 2 AA|ste FA A< 313E
1-bZ 45 a9tk (17.3g, 40% yield). H- NMR (300MHz, CD.CL,), & (ppm): 7.67(s, 1H), 7.30(s, 1H),
4.32-4.26(m, 4H), 1.46-1.26(m, 6H).

[0120] S3E 1-co] A=x

[0121] 3}8% 1-b (10g, 35.16mmol)E AZA 7|5 &loll Chloroform (150mL) ©f &sjARATH. &4L 0Tz Y43 ¥
N-bromosuccinimide(31.3g, 175.84mmol)S AA3] H7}3}o] 4A17F wwkalich. whg golo] &S AHrpsk &
Chloroforme o]&3le] FZE3ATE. 7] & MgSOAol A AZxA 7] o3&k}, Ethyl acetate/Hexane =

olF/dezn Abgste]l eyl Ay AmviEadus Al 2 AZAste] FEA A e 1-cE 5

SFATH(12.75g, 82% yield). 'H-NMR (300MHz, CDCly): & 4.36-4.25(m, 4H), 1.45-1.27(m, 6H)

_16_



[0122]

[0123]

[0124]

[0125]

[0126]

[0127]
[0128]

[0129]
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s3E 1-do] Ax

3E 1-¢ (5g, 11.31mmol) 2 tributyl(thiophen-2-yl)stannane (8.86g, 23.75mmol)E AZA 7|F 3ol
Toluene(150mL) o] LA HTE., AAE o] 835le] BLES A AT & Pd(PPh—y), (1.31g, 1.13mmol) & #H7}slo]
110Col A 72212 73kl vhE %O—‘Pﬂ =S A7kt ¥ Chloroforms o]&3te] F&3th. 77 &5
MgSO/goll A AZAIZ]a oJ3} 319}, Dichloromethane / Hexane & o]0 22X Alg3to] 2714 A9 32

nlE 2 A4 2 AAA A 1FQl §IF}E 1-d2 5 At (3.8¢, 75% yield). H-NWR (300MHz,
CDCly), & (ppm): 7.36-7.22(m, 3H), 7.05(m, 3H), 4.26-4.01(m, 4H), 1.28-1.08(m, 6H).

sletE A9 AZ

3% 1-d (3g, 6.69mol)E Ax 71F kol THF(G0mL) o &siAAL. &9

bromosuccinimide(2.32g, 13.04mmol)Z A A3 ZH7}eto] Az mwlalgity. whS Lo ES Z)E)
Chloroform& °l&3te FEa3itt. 7] & NgSOdelM AxA71aL o3} &3ith. Ethyl acetate/Hexane®
oo EN Ahgste] AetA Ay ARviEwE A 2 AJAdAst] FEH 1A 3EE AS 55 o

At} (2.96g, 73% yield). H-MMR (300MHz, CDCL), & (ppm): 7.36-7.22(m, 3H), 7.05(m, 3H), 4.26-4.01(m,

o

4H), 1.28-1.08(m, 6H).
[Alzd 2] s}e+E Bo] A=

0._0
0 o
~ s 4> o s
/0 weon pTsOH, HGI
/ ) EtOH /]
! )
2-b
e
Bu
/ /-Bu
S~_Sn—py
NBS 0._0 @
. o
CHCl
° /\ﬁﬁo - Pd(PPhy), , Toluene o
7\
Br S Br
2-c
NBS

SheteE 2-af Alx

3gHE 1-c¢ (10g, 35.17mmol)E #4 715 &foll Methanolell &3HAIZITE. Potassium hydroxide &5 2743k
T 80TCelA 3AIZF BRI, o F, 2BF e 9 HAE Hriete] wbeS FAAACH. WS £AS Fthyl
acetates ©]&38to] FEdto] F7] & MgSO el AxA7]ar ofstsigint. 3 SRV ol&dl &8s

50mL F7l ¥ Hexanes H7F, AZAAste] A ARl 33E 2-aE& 53 HH(7.38g, 92% yield). "H-NMR
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[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]
[0140]

ZIHSd 10-2022-0097293

(300MHz, CD.Cly), & (ppm): 8.09-8.08(s, 1H), 7.75-7.74(s, 1H), 6.70(s, 2H).

(

1.

shet= 2-bo] Alx

I

st

= 2-a (5g, 21.9mmol) ¥ p-toluenesulfonic acid(0.37g, 2.19mmol)E ZEA 7]57 3}oll Ethanol(100mL) el
A7l B 7247F SF8FR Tk, o] 934H(3g, 32.9mmol)3 3-(Bromomethyl)heptane(8.88g, 46.0mmol)S %7}

2A]
i 48/\]7& 73t tk. Sodium bicarbonate X3} Fg&NS *1*10] A7ksle] WhgS 2 A2l F Ethyl
acetate® FE3}IUTt. 7] =& MgSO Aol AZRA7]aL o33k & ZF7F3}o] p-toluenesulfonic acidE A7

o o
:%

sto] A ARl FFHE 2-bE FEIUTH4.9g, 50% yield). 'H-NMR (300MHz, CD.Cly), & (ppm): 7.73-

7.72(s, 1H), 7.31-7.30(s, 1H), 2.60-2.58 (m, 4H), 1.45-1.43(m, 2H), 1.20-1.17(m, 16H), 0.81-0.79(m,
12H).

SIRHE 1-b dialel 2-bE AMES AS AQstaE, 7] Axd 19 33FE 1-c9 Az T3 WHo= 35t
2 9-c2 Azadth. H-WR (300MHz, CD.Cl), & (ppm): 4.66-4.05(d, 4H), 1.89(m, 2H), 1.26-1.19(m,

ke 1-c tiAlell 2-c& AREEE RS Al9stale, A7) Alxd 19 SFE 1-d9] Azt s BHoR 3
2 2-d% Azsrh. H-NIR (300Miz, CDCL), & (ppm): 7.60(d, 2H), 7.51(d, 2H), 6.87(m, 2H), 4.66-
4.05(d, 4H), 1.89(m, 2H), 1.26-1.19(m, 28H), 0.99-0.88(m,12H)

Z B Alx

shehe 1-d tiAlell 2-d5 AREEE AE AlQlstaie, 7] Azl 19 SeE A9 Aot Y3 Yo w e
2-d2 AZEAT. T-NR (300Mz, CD.CL), & (ppm): 7.24(d, 2H), 6.95(d, 2H), 4.66-4.05(d, 4i), 1.89(m,
2H), 1.26-1.19(m, 28H), 0.99-0.88(m,12H)

[HA]e] 1] TdA1e] A=z

R ¢l
S .~
\ S
+ —sn— p Sh—
/s
Z s
cl R
A c

Pd(PPh3)4

Toluene

A7 A 12 28 (Stille) ASY W8S T3 T 4 do. 33HE A0.3g, 0.494mmol) 2 FFEC
(0.537g, 0.494mmol)E A& 7]F 3dldll To 1 uene(12mL)ol &siA] T HAAE o] gdlo] gM B&ES A A
At}. Pd(PPhy), (0.0285g, 0.024mmol)& A7}k & 100CH A 247t BF3FT). WS 8HS Methanolol] A
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[0141]
[0142]
[0143]

[0144]

[0145]

[0146]

[0148]

[0149]

[0150]

[0151]

[0152]
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A7l 5 ATt AAAES Methanol, Hexane, Acetone, Toluene, Chloroform 2= Soxhlet 3
Chloroform & €99 &uE 3nL A% 97 3 Methanololl HAAIZl & ofysle] S A 139
T53FATH0.31g).

2 - E 2 (Mw) ¢ 38200g/mol

4o

B E A 0n): 20300g/mol
PDI(polydispersity index) : 1.88

[HA]e] 2] T4A 29 Az

R=2-ethylhexyl

e R T

A7) A 1A Az =FAS FEEFEE(CUCL) 0.2 Mo T2 3Asta, 2% E=Z9E (Shimadzu,
UV-1650PC Spectrometer)Z ©|-&3lo], IV SFAHERS A0, 2 A3S = 1o =A5A.

Ao 1oA Ax" TEA Av|stey EAS BAMey] AdiA I Al 19] &%=, 0.1M NBuPFs (&
mf:CHCl;) &9 &} oA 10 mV/se 27l wad Potentiostat ZIVE SP1E o] &38le] #o]ZFE HElWER

(cyclic voltammetry) & FA3I Y. 1 235 = 20 ZAE9oH, 54 Al 712 AF5E& AMSsto] I®”HS &
8 Age 7tay).

37 % 1 ]%]] oAl A AzxH FFA FhA E AV)EEd 5SS YERATE. o714 HOMORLS = 2]
A EAs Ao o] &3te] AASE grolth, L3k W= (E)S EFES WS 313 t.

F 1
ZEA 1(AHAE 1D
UV-Sol. CHCl; 585
ax. (nm)
UV-Film rt. 608
ax. (nm)
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[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0162]

[0163]

[0164]

[0165]

[0166]
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100TC 608
E, (eV) 1.58
Eiono (eV) -5.16
Emo (eV) -3.58

= B AZ(A 14=)¢ ITO (Indium Tin Oxide)7t ZEE H8 713& AlFH{Mo] L3ty go
Z53 AH7) 1583 AlFstL, Al Bolg, ofAlE, ofoli

80Cel QoA 2AF HAXAZG. A7ieh ol A" 110 #2 71#s 1583t =
PEDOT:PSS [Poly(3,4-ethylenedioxythiophene) : poly(styrenesulfonate)]S 2% 3}
A 150CE 1087 9383 30 nm 5749 PEDOT:PSS =< #8439},

ol o R FRH S2H BAg AE I T FEAYSS FAsIH.

sty fste], HAFFAAZA 2
A Y6E FAM] 1:1.29] HERE FEEIXE(CFH 13.5 mg/mLe FTEE
Chloronaphtalene)E 0.5 v/vh= A 7}&}ar uuks}

2T wrg ol FA (Aol 1olA A" SEA) Sk AR Al =
&

st e, 1-CN  (1-

A7) 7] WA &S A7) PEDOT:PSS & Zdoll 23 mEyetar, 100ToA 587 oJdHS A A s o] 100 nm F
Al FEASE  AXSAT. eloiA AHs sEToR d¥ AREE PDINN(NN'-Bis{3-[3-
(Dimethylamino)propylaminolpropyl }perylene-3,4,9,10-tetracarboxylic diimide) E&S wE-2o] A7
T PDING-olS F2dS flo 23 3" ofF, HZHF AFo2% 100 mm F79 Ag d=S S
[Glass/ITO/PEDOT:PSS/32/d % (& el A :Y6)/PDINN/Aglel A+Z(conventional structure)d 7HA+=
7] BFdAE Aot

AA EA B}

A2 f71 "HEHA FHUE BEGS A7l st &2 AlEY Ol (Solar simulator) el EHAFEEA
(radiant power meter)Z AF&3Fe] AM 1.5 Z79 100mW EfFFS AA3A L, 1kW &2 Al E#olE (Newport

91192)& AF&3le] 7] BlYAR ] AFDE-Ad(current density-voltage) 542 F43}T}.

AZE 7] BFAR 2 1718 EAZQJ MEAL(Voe), @A F(Jsc), FR(Fill Factor) ¥ ## 3§ S (Power
Conversion Efficiency, PCE)S #Qlsle] I AFE s1r] ®2o ZAlser, ZE dolH e 1071 o]i9
272 A 549 dolee] HAgkS on|g},

Voo V) 2 Jo(mA/em) ZH2he AR 2abe] AF-Agk ZMoA, AF7F 09 o A g 2 Aol 02 u A
s vEdY.

ek, FF(fill factor)& 317] §°8H4 125¢ AtZHT).
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k1
N2

1
(g
~

— Solution
—— Film
—— Film(ann

T T T T T Y T ¥ T T T ¥
300 400 500 600 700 800 900 1000
Wavelength({nm)

1
(g
[\

_~

Current(%)

-!I_S I -‘II.D . -DI.S 0!0 I 0?5 ' i.lﬂ ' !]5
Experiment Type : Cyclic Voltammetry (CV) (Title : CV Run for BAS-Epsilon)
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