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A= AAFEI E2 Q] phenothiazine FE=A| 2} AR S22 quinoxaline 5= 4|5 Suzuki coupling reaction &2
push pull F-29] J_-EZ]-(PPQX 2hdPTZ (P1), POPQX-2hdPTZ (P2))Z FH4d 3} 5ith. R SFAFS 913 7] 5 22 o] alkoxy
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E4S Helalon). F TEALO] 27| B2 r = 323-328 TRA] o 9F
& =3 P22] Yt o gleh W7|SkL A B4 B4 AT E

E2}2] HOMOo| Y A & S-AFs1ich. 5“4% 1B A= ITO/PEDOT:PSS/active layer/BaF,/Al G322 AXE A|Z5}o]
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Abstract : In this study, two kinds of polymer (PPQX-2hdPTZ (P1), POPQX-2hdPTZ (P2)) were synthesised by Suzuki coupling
reaction based on phenothiazine derivative as electron-donor and quinoxaline derivative as electron-acceptor. Microwave syn-
thesis workstation was used to shorten the polymerization time and increase the degree of polymerization. The physical, thermal
stability, optical and electrochemical properties of the synthesized polymer were confirmed. The thermal stability of two poly-
mers was outstanding as the initial decomposition temperature was 323-328 ‘C. And additional substituted alkoxy chain on P2
showed higher degree of polymerization. An analysis of electrochemical properties, all polymer had similar HOMO energy level
values. Device was fabricated by ITO/PEDOT:PSS/active layer/BaF,/Al structure and photovoltaic properties were confirmed.
Each device has a different film thickness and the resulting change in PCE was confirmed. As a result the thinner thickness of the

film showed a high efficiency (PCEmax: P1 =1.0%, P2 =1.1%).
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At oA 24 & 3HAS WAL QIT3-5].
5 = P3HT (poly[3-hexylthiophene])= 4-5%
oh | AT @ =T (band gap)S AL R
of g EFE S5l AI7E )TH6, 7). ol=Rt aad V&
"a‘ﬂl%EHoo Xloﬂ H]3f] -9 w2 —’F—Zrohll FHer et
2 10%0] o]4Fe] FEL Ueiojof sz Aew
SIHS-11], olo] whet 0 FAANEEH P
2 so] Sjel WA BRE B A BA
=22 fullerene?] F-=A2 PCBMS &3t o]F - E)
(bulkheterojunction, BHI)=-320f Tt 7juto] s %_1'514 0]
™, 8-10%tHO] 1LaE&] L% HiuEI loi12-1

Phenothiazine (PTZ)-> A7} 53 3} 2 ﬁ:%ﬁ:% 3Z
gekan 917) el AR ARTA T2 B nER

oA L& AAFI EFo AL T 4 glow, gHoFAX
(photovoltaic cells)?} W3 cho] @ &, vlatE ] X A E|(thin film
transistor, TFT)Q} & Hofoll A dg] o] 8511 QriH16,17].
PTZL B3t W24z 18] viehielol A L] moke] 13
W LZ2E(17,18] YEF AT n-delocalization®] 2 W HH -
27} = Aoz deA ArH19,20]. T PTZ+= -5.19 A4
-5.3 eVe] Y& HOMO ot ] gl 2HA| o2 &2 Voc
7+ ZHer 2= grh21-23]. 2Ejut PTZE 7]9ho.2 3t push-
pull7-x9] PSCs= W& e A, @2 &8/ a0 A
A& 7HAAL Sk

Quinoxaline (QX)+= bithiazole™} Zro] 27] 2] o] 7 (imine)o]|
= A47F 22 AR} B7](electron withdrawing)o] 7] wj&o]
[e]

iﬁ_a

T

t rl

3t 214 F(electron deficient)o] E 4= glon], To W=
A =523l o3l

v T

N

e ol myAe] AR BARA F
g 4= QltH24-27]. Thiophene-> A ATEf O A =3} n-n stac-
kingS UE 7] tfEol w2 A5 ©]sX(hole mobility)E
A ol et @ o ALEARo] AREEAL QITH28].

2 Ao A= ALEA] Fo Zo](conjugated length)E 5
7YX 7171 913 quinoxaline®]] thiophene} benzene 1185 X]
F3H9ch Rigiddh T2 o8] Ashes S-S AHsh
913l phenothiazineo]l 7}A] % 9] &4 Ab&S X|ghslich L&
2} 22 0] AAFE(side-chain) 2 <135t 3% 2 Q7] ububefoF
Ax o] B4 vl@el] 98] P2 B2 27k octyloxy A}
£ Agetel 1 Aol wwatck

(¢}

—

A
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H
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21. Al 7(7]

3t o] A8t anhydrous toluene, benzil, carbon tetrabro-
mide, hydrobromic acid, N-bromosuccinimide (NBS), tetrakis
(triphenylphosphine)palladium(0) (Pd(PPhs)s, tetrabutylammonium
bromide, tin(Il)chloride, triethylamine, triphenylphosphine, zinc
dust, 1-bromooctane, 1,2-dihydroxybenzene, 2-hexyl-1-decanol,
2-(tributylstannyl)thiophene-2 Sigma-AldrichA}of| 4] Q]SS
11, 4,4'-dimethoxybenzil-> TCIo| A -3} H, bromine-2
Junseio| A GL9]8FI ) Acetic acid, chloroform, dichloromethane

(MCQ), dimethylformamide (DMF), ether, ethyl alcohol, hydro-
chloric acid, n-hexane, K,CO3, methyl alcohol, MgSO., NaOH,
nitric acid, tetrahydrofuran (THF), thionyl chloride®} 72 &
$718u15S vpgskant Aastsels Felstdon,
HE AR5 27 AA| glo] ARESFYT) 4,7-dibromo-5,6-bis
(octyloxy)benzo[c][1,2,5]thiadiazole[29], 10-(2-hexyldecyl)-3,7-
bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-10H-phenothia
zine[30} B30l whet TSk, DEAS] T FUA
e THHAIT FHEE Fol7] 919 vlol A2 golH 4
HE-8-7](MAS-II, Shanghai Sineo Microwave Chemistry Tech-
nology Co., Ltd.)& ©]83}l¥ct &A% TafFy W 15X =
'H-NMR (Bruker, AVANCE 250 spectrometer)S 0]-&3}o] L%
£ Q1513 21 gas chromatography mass spectrometry (Agilent
technologies, GC-MS)E- ©]-&3}o] =& &Qlstal, 11EA}9]
E 2}k gel permeation chromatography (Shimadzu GPC sys-
tem)= Z45I3UtE GPCE7-& THFE o522 kil 7]&
< polystyrene &2 5} calibrationd} 3t} Thermogravimetric
analysis (TGA, Q50)& o]|-83}o] ZAARL]7]oA4 10 T/min2]
2T F H2A1A Ty (5% weight loss temperature) S =7 5109
24 HgdS Qs Fehd 54 UV-Vis (Beckman
Coulter DU 730) ©]-&-sto] 8 et IF AefolA el
sttt d7|skekd EA4S &2lstr] 3| cyclic voltammetry
(ZAHNER IM6eX impedance analyzer)E ©|83}%H 0w, 7|&
AT Ag/Ag 9} 2] A= ITO, A A= Pt wire, A8 8-

© 2 tetrabutylammonium-tetra-fluoroborate S

HH)

acetonitrile ]|
&0 50 mV/s9 scan rate=2 =743}t Polymer solar cells
(PSCO)Z o) E42 157] 9ol 2418 Azateick. 27
T+2+= ITO/PEDOT : PSS/active layer/BaF,/Ba/Al2 A| &5}
S, active layer+= polymer?} PC7BM 1:29] weight ratio
2 A9 FZgs3ch 29 —’;,\—E% 700, 1,500, 2,500, 4,000 rpm
om zAstel HUEAAE Gelste]l S4st

2.2, Chaky| gl
2.2.1. 3,6-dibromo-4,5-bis(octyloxy)cyclohexa-3,5-
diene-1,2-diamine (1)

A4 BA7]o) A 250 mL 25+ Z&}A 9] 4,7-dibromo-5,
6-bis(octyloxy)benzo[c][1,2,5]thiadiazole (3 g, 5.45 mmol)i}
zinc dust (4.27 g, 65.4 mmol)S g o] acetic acid (84 mL)o]|
S W2 EE 80 TR AA3} 3 h F¢F TFA]
Aok vke 24 A1 AL chloroformS eluent® AF-&-3}o] TLC
monitoring & Fa AU} HLSEE Aeow 43 5
zinc dustS Xﬂﬂfﬂﬂ A8l A oA & ofitHE 2 M NaOH
o} MC= &35tk MgS0, ol 2 AlAstL, &=
TSR A AsE] brown ol FEf Q] 23HE-S A thyield:
66.42%).

=| xl- ol‘A'i

2.2.2. 5,8-dibromo-6,7-bis(octyloxy)-2,3-diphenyl-
quinoxaline (2)
250 mL 2+ ZfA o) 1 3F9HE(1.9 g, 3.62 mmol)S
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A4 B7]o 4 Wil acetic acid (90 mL)o|| -83[A|7]1 3 benzil
(2.1 g, 10 mmol)= ¥l 60 TolA 24 h 5t SFAZTh
TLC monitoring2 E3f] ¥H3-2 £ZAA]7|1L AF2 o2 A13] |t
$ES chloroform¥} SH42 &3 5 MgS0.S H71slo]
S N
column chromatography (eluent: MC/n-hexane = 1/1)2 % A3}
At} sHHEL AAS yellow solidFEj 2 FojH ) (yield:
59.43%) 'H NMR (250 MHz, CDCly): 8(ppm) 0.87-0.93 (m,
6H), 1.26-1.43 (m, 16H), 1.51-1.84 (m, 4H), 1.86-1.96 (m, 4H),
4.18-4.23 (t, 4H), 7.31-7.40 (m, 6H), 7.61-7.64 (m, 4H).

2.2.3. 6,7-bis(octyloxy)-2,3-diphenyl-5,8-di(thiophen-
2-yl)guinoxaline (3)

250 mL 27+ ZfA 30 2 3}§HE(1.50 g, 2.15 mmol)3}
2-(tributlystannyl)thiophene (2.05 mL, 6.45 mmol)& ¥ 1 30
min 3¢ IFAEHZ FA7]3L, oAl o 29712 w0
anhydrous toluene (60 mL)E g1 ¢2A135] L3)A|Zit}. Pd(PPhs)s
027 g 024 mmol) Y1 HM-S 2 w2 80 T2 AAs}o] 48
h &<t ghRAIZich ¥hg 4 AJ%& TLC monitoringS- 53
gholst F, ursEg e ow é}Oﬂ chloroformi} ZH 42
T3t MgS0.5 H7Iste] & AASH, e 5
AlAH & A A% 5§ column chromatography (eluent: MC/n-
hexane = 1/2)2 A5}t AAE RBAAES green solide] &
g5 o] At (vield: 65.58%) 'H NMR (250 MHz, CDCly):
S(ppm) 0.84-0.95 (m, 6H), 1.33-1.43 (m, 16H), 1.55-1.73 (m,
4H), 1.76-1.84 (m, 4H), 4.01-4.06 (t, 4H), 7.19-7.23 (m, 2H),
7.28-7.36 (m, 6H), 7.54-7.56 (t, 2H), 7.57-7.68 (m, 4H), 8.04
(s, 2H)

2.2.4. 5,8-bis(5-bromothiophen-2-yl)-6,7-bis(octyloxy)-
2,3-diphenylquinoxaline (M1)

A4 791710014 250 mL 2 Eefaao] 31 3FgHE(0.991
g, 1.41 mmol) S THF (95 mLyo] o] ehzia] &ajA 7. 2
o Aekaly] 98] ZepAas soe 74T, NBS (0.63 g,
3.53 mmol)E portionwiseZ g 0] AF0fA] 24 h F<OF WHEA|
Zit}. TLC monitoringS E3f ¥F-2 Z4 A|HS 3el3t
245 do quenchingA]# F¢it}. Chloroform} £HF4
&2 FEAL, S AASH] Sl MgSOsE A7tk &

& 7S AA A A SEAL, column chromatography (eluent:
MC/n-hexane = 2/3)2 % A3} yellow solid A442] stES
At} (vield: 65.10%) 'H NMR (250 MHz, CDCLs): 8(ppm)
0.83-0.94 (m, 6H), 1.29-1.48 (m, 16H), 1.55-1.67 (m, 4H), 1.73-
1.84 (m, 4H), 3.99-4.02 (t, 4H), 6.83-6.87 (d, 4H), 7.18-7.22 (m,
2H), 7.53-7.55 (m, 2H), 7.61-7.64 (d, 4H), 8.03-8.04 (m, 2H).

2.2.5. 5,8-dibromo-6,7-bis(octyloxy)-2,3-bis(4-(octyloxy)
phenyl)quinoxaline (4)

250 mL 23 EgtA 30 19 3HHE(0.95 g, 1.82 mmol) S

A BQ7]o| A Yl acetic acid (50 mL)o]| &3 A AT 1,2-

bis(4-(octyloxy)phenyl)ethane-1,2-dione (2.1 g, 4.55 mmol)<
Y g2 =E 60 T2 dAste] &3] &siA7l = 24
h 5ot EE At MCE eluent® AFE-5}6] TLC monitoring
£ 590 W4 FAN71D L0 ATk ML chion-
formi} 5542 FE 5 MgSO.E H7ste] #8244

shTE e o]-8ste] §ujE AASAL column chroma-
tography (eluent' MC/n-hexane = 1/1)Z2 FA|3}% 21, yellow
oil e o] FFHE-S AT). (vield: 67.58%) 'H NMR (250 MHz,
CDCLy): 8(ppm) 0.89-0.91 (¢, 12H), 1.27-1.55 (m, 40H), 1.74-
1.93 (m, 8H), 3.95-4.01 (1, 4H), 4.16-4.21 (t, 4H), 6.84-6.88
(t, 4H), 7.59-7.63 (m, 4H).

lN -1>m

2.2.6. 6,7-bis(octyloxy)-2,3-bis(4-(octyloxy)phenyl)-
5,8-di(thiophen-2-yl)quinoxaline (5)

100 mL 2+ ZgtA 309 44 3F3HE(1.17 g, 1.23 mmol)}
2-(tributlystannyl)thiophene (1.17 mL, 3.69 mmol)S ¥ ¢{ 30
min 9 AFAEZ FX]7]22, AAE X EA]A anhydrous
toluene (30 mL)E Ho] &3] S3fAIFH ch Pd(PPhs)s (0.16
I HFEREE 80 T2 A%slo] 48 h F<t
& TAA

g, 0.14 mmol)&
=N = TLC monitoringS 53 W3
THTE FE9ATh MgSO.& H7hste i
AASKR, %9k ZHAA §hE A3 5 column chromato-
graphy (eluent: MC/n-hexane = 1/1)2 A A|35}o] yellow oil &
o] sHHE-S AT} (yield: 90.24%) 'H NMR (250 MHz,
CDCLs): 8(ppm) 0.90-0.92 (m, 12H), 1.30-1.54 (m, 40H), 1.70-
1.94 (m, 8H), 4.04-4.09 (t, 8H), 7.13-7.15 (d, 2H), 7.36-7.38 (t,
6H), 7.62-7.65 (m, 4H), 7.96-7.98 (d, 2H).

71 % chlo-

roformx

2.2.7. 5,8-bis(5-bromothiophen-2-yl)-6,7-bis(octyloxy)-
2,3-bis(4-(octyloxy)phenyl)quinoxaline (M2)

A4 B7|o A4 250 mL 24 Z2fA 30 59 SkeE(1.07
g, 1.11 mmol)-2 THF (95 mL)o]| Yo} $+43] 8341 zith NBS
(0.60 g, 3.34 mmol)Z portionwiseZ g1l TUZE ZtA3E
Al AR & Ao A] 24 h F¢F wREAIF TR TLC
monitoring& &3l WSS FAA7|LL, FHFE €Ol quen-
chingA|#A 1t} Chloroformi} HFH42 FE5111, 58S
AAH7] 98 MgSO.E A7Istach 7 Sz & A
A3}, column chromatography (eluent: MC/n-hexane = 1/3)
2 A8t yellow solid 442 stghEs LA (yvield:
62.30%) 'H NMR (250 MHz, CDCL:): &(ppm) 0.89-0.92 (m,
12H), 1.25-1.51 (m, 40H), 1.72-1.89 (m, 8H), 4.05-4.08 (t, 8H),
7.11- 7.13 (d, 2H), 7.25-7.43 (m, 4H), 7.58-7.71 (m, 4H), 7.81-
7.92 (d, 2H).

N

2.2.8. 1,2-bis(4-hydroxyphenyl)ethane-1,2-dione (6)
250 mL 29 Z&tA 39| 4,4’-dimethoxybenzil (1.5 g, 5.5
mmol)S AAF Q7oA il acetic acid (15 mL)o|| &3] A|
Zt}. HBr (60 mL, 48% aqueous)E Yl 120 CojjA] 4 h H<t
SERAZA Aoz AE HhgS T8 AX & SH5(200
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mL)E Yol 30 min Fok WA MBS 7 o7}
AAES £742 HojFal, ZAFollA AZAA yellow powder
Fej o] FTES AUtk (vield: 83%) 'H NMR (250 MHz,
acetone-de): 6(ppm) 6.97-6.99 (t, 4H), 7.80- 7.82 (t, 4H), 9.60
(s, 1H).

2.2.9.1,2-bis(4-(octyloxy)phenyl)ethane-1,2-dione (7)

A E7101A 250 mL 2+ STk 0] 6% 3F5HE(2.31
g, 9.52 mmol)T} tetrabutylammonium bromide (1.52 g, 4.7
mmol)E Y3l DMF (70 mL)oj] &-A3] &3jA|F Tl 1-bromooc-
tane (3.63 mL, 20.94 mmol)S Y1 W-S-2=5 120 T2 4%
ste] 2 h Bok BRAZTE 4RO AF vhe FAAT
% brined} ether® 3=&3}11, njA|9he =548 Ho] FQoh
MgSOsE ¥ol && AAstL 8mE At SLAA AlA
314 column chromatography (eluent: ethyl acetate/n-hexane =
1/6)2 AA|5}A ) BAAEL] A2 yellow powder S th. (yield:
85.28%) 'H NMR (250 MHz, CDCls): 8(ppm) 0.87-0.92 (m,
6H), 1.27-1.53 (m, 20H), 1.68-1.85 (m, 4H), 3.99-4.07 (m, 4H),
6.91-6.98 (m, 4H), 7.89-7.96 (m, 4H).

2.2.10. 2-hexyldecylbromide (8)

100 mL 37 ZefAFof AA HQ 7|0 A 2-hexyl-1-decanol
(4.1 mL, 14 mmol)} carbon tetrabromide (6.04 g, 18.2 mmol)
= ¥ MC (28 mL)of| &3] gsff AlZich 0 C= PZhAR1
%, MC (7 mL)®] triphenylphosphine (5.14 g, 19.6 mmol)&
GallAIA A3 Hrletdck 27F 5 0 CofA 1 h &<t myt
AlZ13L, Ao A 1 h Bt wHHA| T HE-S-ES ether (12
mL)} n-hexane (48 mL)E&g §-olof ol vhg5 FHA7|
3L, 1 h &}t mREAIZATE. Silica gel& ©]-8-3to] ¢ o ¥}sial
n-hexane & 2 A o]Fo] 2 oju}olo- ZFot Z=uk XA yellow
oil FEo] TS AL} (vield: 84.15%) 'H NMR (250 MHz,
CDCL): 8(ppm) 0.86-0.91 (t, 6H), 1.28 (s, 24H), 1.53-1.60 (t,
1H), 3.43-3.45 (d, 2H).

2.2.11. 10-(2-hexyldecyl)-3,7-bis(4.4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-10H-phenothiazine
(M3)

Ry EoA AATH B S 2[30] 2-hexyldecylbromide
7} phenothiazineS ©]-8-3}o] A5 LE SleHE-2 dark yellow
oil FE|S eI (yield: 32%) 'H NMR (250 MHz, CDCly):
8(ppm) 0.81-0.90 (m, 6H), 1.20-1.32 (t, 49H), 3.72-3.75 (d, 2H),
6.80-6.84 (d, 2H), 7.54-7.57 (t, 4H).

2.2.12. 3-(5-(6,7-bis(octyloxy)-2,3-diphenyl-8-(thiophen-
2-yl)quinoxalin-5-yl)thiophen-2-yl)-10-(2-
hexyldecyl)-10H-phenothiazine (P1)

50 mL 25 ZafAzo] A B4 Ml (0.61 g, 0.7
mmol)Z} M3 (0.47 g, 0.7 mmol)E g3 30 min 5 Z-FATE]
£ §A 3L thA] A4 B9y U]"é‘_l__ anhydrous toluene
(25 mL)Z ¥o] 30 min %¢F WHFA|Z] 3 Pd(PPh;)s (0.016

g, 0.014 mmol)E ¥ 10 min 52 WA} 2 M K,CO;
2025 mL)S syringeS ©]-23Fo] @i, Aliquat™ 336 (0.5
mL)E A7} stick Sk E vpo|A 2o H A4 WhE-7]
Z 274 90 T 400 WO ZAHCZE 4 h FoF EFAH L v
0] ZZ %" bromobenzene (0.5 mL)E 4 o] end-capping/\]%’_l
1 h B¢ WHkA]7]3, &5 50 CE2 @& 5 0.025 M
o9 o] WZhA]A Fict HES-8-9H-S methyl alcohol,
acetone, chloroform®] <Al 2 Soxhlet A X2 F=Z3F 5 ch-
loroform fraction2 X o} & <2F7t A A3SFal, SPE tube
(PL-THIOL MP)& oJ}A] 7t} o o8 5o} methyl alcohol
off A A7l %, black solid FEf Q] IEAE A cHyield:
51.3%).

HC] Qoo

2.2.13. 3-(5-(6,7-bis(octyloxy)-2,3-bis(4-(octyloxy)
phenyl)-8-(thiophen-2-yl)quinoxalin-5-yl)
thiophen-2-yl)-10-(2-hexyldecyl)-10H-phe-
nothiazine (P2)

M2 (0.67 g, 0.6 mmol)$} M3 (041 g, 0.6 mmol)S AR&-5}o]
P13} & Hp o7 343519 0 v, dark red solid Jeje] 11
BAE At (yield: 66.67%)

-

=
=

w
M
ic]
4
o

3.1. ISR BN U 2RO 54
QuinoxalineX} phenothiazine®] A 4 o|& 7|HtS 2 3}
TRAke] F4 AR Figure 10] LRl om, 2 18zt
o] 2.2 PPQX-2hdPTZ (P1), POPQX-2hdPTZ (P2)C.& L}EY
ok FHE F3 dFA 9] 29} &EE="H-NMRI} GC-
MSZ gholslich 1 EA= palladiumA| Zuf] Stol| A Suzuki
coupling reaction® 2 HWH-A| oW, nfo| A Z Yo FA] Wh
2715 ol g3sle] 23S TEA|ALE Pl, P2 E TER}
Aof &= 71 AHERE 213 THF, chloroform, ortho- dich-
lorobenzene (ODCB)1} 7+ dlbA o] §7] gujjo] =& 8314
= Hylon, P29] A9 @A ZA FrtE AgE IFA|
AR Q8] o 2O $34L BTk GRCE o] §at B
ST Table 10 A 2|51l 0m, F AR M) 5,400,
7,3000] 11 =T A2 AT M, )2 11,400, 22,3000 P29] =
A7t H =4 SAEUk o= P29 & F7t= A2k
AR e A AbeR QA3 &3 S7hE I ol A
AEEA L P oz F3o] o]Foj7l o= AhdEn
& 7R R o] sl &
2 [32], & AFolA A
@ EAe) BATE HUHOR KA AoR BeiFL

gl
o))
=

Table 1. Molecular weights, PDI and T4 of polymers

M, M, PDI Ta (T)”
Pl 5,400 11,400 2.12 323.0
P2 7,300 22,300 3.06 328.6

My : 5% weight loss temperature
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Figure 1. Synthesis route of monomers and polymers.
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Figure 2. TGA traces recorded at N, and heating rate of 10 ‘C/min.
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Figure 3. UV-Vis spectra of polymers in chloroform solution and
film.
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Table 2. Optical and electrochemical properties of polymers
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Figure 4. Cyclic voltammograms of polymers thin films.

Amax (nm) }\«cdgc (nm) opt 0X
Polymer - - E,™ (eV) E™ (V) HOMO (eV) | LUMO (eV)
Sol'n Film Film
P1 336 576 633 1.96 1.57 -5.63 -3.67
P2 325 336 604 2.05 1.59 -5.65 -3.60




Rigid3} Phenothiazine-Quinoxaline D/A 2 182} Lz 0] 834 Sk A7 2 S7|dtuteoldz| 2o EA B 421

=

f
£ ]

POPEN UMK AXE HMIZ S E4 1
Elj 9F A X] 2 9] (organic photovoltaics, OPV) #]-&
o}® 7] &J3}] ITO/PEDOT:PSS/active layer/BaF,/Al
A2 AZEe EAS BAstAt SO gt
22} P13} P2E ODCBo|| 0] PC;BM} 1:29] A&k
skt 20 mYstel ARSItk 4 axEe s
ZA3}o] vl =7 o W& E A2 solar simulator=
g 3}o] Table 301] S Aelsk AL, Figure 59f J-V 1%

e ik 23 &2 700, 1,500, 2,500, 4,000 pmO.2 : P15
%8 Z/pAo) whet uhute] Fale grolxlct 2% A} N 4 P1.2500 rom
% D8R BT b ghe st £I9] 4000 pmO 2 T . v Prac0em
Aol A 4235 E4E UEhglon, ojnfje] Pl Zitd St+—r—F+——7—"—1T"—T"—"+ """ 111
9H(Voe) 2 0.80 V, THEHA E(Jso) 3.4 mA/cm> , 2AL(FF)2 01 00 01 02 03 04 05 06 0.7 08 09 1.0

w
o
10

o N

do
N
!

N
ol
o,
o
e

ox 1o
-
AT

=
U

F

>1‘l-ﬂHur

O
Current density (mAIcmz)

;

S T 0
v

E

38.4%, BAHITL(PCE)S 1.0%5 ZHE T, P2 Vo = Voltage (V)

0.76 V, Jsc=3.8 mA/cm? , FF=372% PCE=1.1%%2 &4 1 Y /,

Ak 29 SE7} Y2} Zokgke] we T nEA mE sbg 1| ® J /
o BAE e Aoz wo, vt F7) ke ok O

Eozny Felf JFH WA} FFoR o)Fo] Yt 5

Ao 2 FIAd=ETH41]. Vocre 0.68-0.80 VO Fro] A E Qo E i

W % Rl wi buke] B} gfobgel whet wobxl: z

AEFE BT Voo a2 dutd oz AxsriQl 3 18 _§ {an]

Z+e] HOMO o 7] gt AApk7 ¢l PCBM ] LUMO o] £ 3

w7 Gt w7k glom, TEAL] HOMO of 4] @o] E Ty Pate0mm
WSS EE Voo (42 9 ATH. oo wah e O 44rl] P 4000 rem
HOMO o] #] &S ZH= P] (-5.65 eV)©] P2 (-5.64 ¢V)X.C} 1

F Voo ol SAFAT 2 WME S de dede -5-01 00 01 02 03 04 05 0.6 07 08 09 1.0
o] a=gfo] F718l Jse 4h2 S 7FkA|Th, A4S onset & Voltage (V)

99| Zh4: HOMO o U] o] F7hatel utet Voo ghe
sk ARe Holk Ao deld i3] Teu 3
Ast = przte] Wit 7 oY= Pl (1.96 eV)o] P2 (2.05
eV)RTh AL ghE THHolE BRI, BE Voo g WS 3.

Figure 5. J-V curves of PSCs devices (a) P1 (b) P2.

—&— P1-4000rpm

Jse @& UEHSITE o= CV &3 Al Y A97F YEhA| o P2-4000rpm
okob abal Wi S ARgate] Uehd Ante Al E %07
@ Jsc ghe upure] slo] wAE AR WA Heo| W %} 25
o carrier A ALOE | ARFUEs} Wolx| i o o
A o, g

g 15/

1] |

10+

Table 3. Summary of photovoltaic properties of polymers
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