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Synthesis and photovoltaic properties of low band gap m-conjugated polymers based on iso-indigo

and benzothiadiazole

Jun Huei Bea

Department of polymer engineering, The graduate school,
Pukyong national university

Abstract

Nowaday, there are many researches focus on finding new energy sources since fossil fuel will
be increasingly depleted. Polymer solar cells (PSCs) are one of prospective candidates for al-
terntive energy source. Herein we synthesize polymers -with donor—acceptor (D—A) concept based
on alkly-9H-carbazol (CZ) or alkly-9,10-phenanthren (PN) and 2,5-dioctyl-3,6-di-thiophen-2-yl-
2,5-dihydro-pyrrolo[3,4-c]pyrrole-1,4-dione ~ (DPP) or  4,7-Bis-(5-bromo-thiophen-2-yl)-
benzo[1,2,5]thiadiazole (TBT) by Suzuki coupling copolymerization. All polymers were soluble
in common organic'solvents such as chloroform, chlorobenzene, dichlorobenzene, THF and tolu-
ene. The band gap of polymers: were-estimated UV-Vis_spectroscopy-and cyclic voltammogram
between 1.75 ~ 2.02 eV. And new polymers were show broad absorption regions and had proper
energy levels. The BHIJ type organic photovoltaic cells were fabricated from polymer
[ITO/PEDOT:PSS/polymer:PCBM/AI]. In this thesis, we report the characterization of photovol-

taic properties with new polymer.
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I-5-2. @45 (Short Circuit Current, J, I;)
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I-5-4. Air mass (AM) "]
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(Figure 1-10)
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Figure I-11.
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Ard 182 7%+ (a) 5% 5 EA, (b) donor-acceptor (D-A)7-%
o] 3# 2k, (c) quinoid 2L, (d) 71EF 59 oJel Felrt EAS) (Fig-
ure I-12) &% THAS BHE 3 TR WIS FFES THI LT
s FetH, SE LA gt 1.9 evol ] & band gaps 7HA
g FogAle] ~AEHoN F& FEFTuigE 7RI A gdd

Aol ALEE = dR AR 5F FFAZ= poly(3-hexylthiophene) (P3HT)

N
%2,
o
G
b

< bulk hetero-junction (BHJ) & 7] ERF AR Al A 5%7}
A 3dWg g8o) s Ao Donor-acceptor (D-A)T-% 9] L&
A= AR FEgE dEE Ao ARl SR GRAE FHetd A4
H oagatolth o] FEE 1993l HEEENT o] 2 x| F9E
ZH-s7] gal, & band gap= A= LEAE AR & s
FHow ANA L Wol  AREHE TN 3 4-AminothiopheneX}  3,4-
nitrothiophene®] D-A_ FZ=2] copolymer2] band gap®]l — 1.0 eVE =4
aEA T HuZ Z2 band gape 7R T F el =] o A
FAHEE g8 7%7F He Wi aEAEC] D-A TR TR
A2 WA quinoid TRE FA=S BAR e TRolt Fx

e g & 92 g 2719 =0 IASS sHfrstar e W
FL SgEEY O A IHTERE 7HA B A band gape 7HE
T At 22 band gap= VHAlE FAol= FeHES tEAQl A2

poly(benzo[c]thiophene) (Eg = 1.1 eV)!**), poly(thieno[3,4-b]pyrazine (Eg = 0.95
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eV) ), 29} poly(thieno[3,4-b]thiophene) (Eg = 0.8—0.9 eV) )27} it} o]
o] 2]9| %= morphology, nanostructure & & 7FA| =4S /A E7] 93|

FAFEol pendant groups At T v 727 A
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d) ‘ End grouP

Figure I-12. &3 o] @& A=A n8AY 25

(a) hompolymer, (b) donor-acceptor polymer,

(¢) quinoid polymer, (d) other types.
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Chapter II. o] QItjx @ Hlx% Eo}EE 7B ZFo0= 3
A4 band gap & 7S B 1B G4 2 HFaA

5497}

& AlFtsts ol Zed =2 ol Bl dF Lo &

A aEaE shghEel tEk IS 19641 Stanford thehe] Little!*”
©] conjugated backbone TFE 7}l A= A2oA 2HEATE 2
g Jduar ek ol AlFEATE o] T 1977\ A. J. Heeger, A. G. Mac
Diarmid®} Hideki Shirakawat™ Zz]olMedl ZES H4, B&, ool
d 59 F71E5 AR&ste] ZEjolAE @S ARSIAIA Z7)ol Hla] A=
T7F 19w ol Frtske @S sty @R VAR EEorMdE

A ks A7 AR EEs A

o
=
e
ol
ol
S
A

5
o,
v
rot
re
4
il
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EX7F wAs SV FEA-wS Gxlo]l dAbel BAd olv= &
e AgtE v

Zelobd gt 2o AEY TRAE BRAEE] VYT o] F

gl
e Ags =AM 2R HY oA ARaAl oled

§o] L

A7) wZoll n—3 M 1FAF (n-conjugated polymer)}illE ST}, HESE o]
gl aiEAbe] shehA e H7|stekd gRlow =std AVHRERE
FLAlA A el2s A 2dT .80 A=A L&A

(conduction polymer)2Fil % ST},
Benzo[1,2,5]thiadiazole (BT)+= 7 |Hl&Ede] A= 7 =d=2 & &
HA o g JHERFS JFEE FHI} o AR =
7V AA, 7W7ke EZE AR FARRE nemostacking S AEo] & Hof
&

=
ga Bz Ae ool et Pl o o) At AT AF &

-

T8 o] £ thiophenes &F Zetol AAsHA, 8H4 Qg Aol =ol=x

L

A}

3 FS band gap2 7HE = glgar d#Ad AokPY g 3,6-bis-(5-
bromo-thiophen-2-yl)-2,5-dioctyl-2,5-dihydro-pyrrolo[3,4-c]pyrrole-1,4-dione
(DPP)= 78t n-n stacking F 2283 =2 ¥ TF 5= 74 thin
film transistor (TET)o| F& AF&ESUg ol ot A Fr e A= o #
& HJP) pPP= F /9 lactomZ] 2 Q18] 73 electron deficient A
= 7HAM, 383 49 Ao A= HA dho] BeFe alkyl chaine
AL 5 o], K718l Usl S5 SRS A & e W

= =
ot MeluX el F5 5% Faherd hage] $Eeka G

N
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= g4 24g 5 Ak

Carbazolex £ A& THedd 4L 2 HOMO o|yA| +
AE 7 di7lToll st %2 Ve A& F71¢] donor ==
2 delx] P o] =Rl A= AFEEE cabazoled o] Fol]l AT H
AE 3T 6 fH| ol AbEo] AZF cabazolek T, 2,7-linkable cabazole
of F7IHF Al | A3 A|A EHE 7 AE FF SO
$sicta el A ghe b

B =o)X+ donor-acceptor EFIS] 1 E A acceptor =HE
benzo[1,2,5]thiadiazole (BT)ll bridge® Y&l thiophene”] & T 4,7-di-
thiophen-2-yl-benzo[ 1,2,5]thiadiazole (TBT)Z}. 3,6-bis-(5-bromo-thiophen-2-yl)-
2,5-dioctyl-2,5-dihydro-pyrrolo[3,4-c]pyrrole-1,4-dione (DPP)E /3 3} o1,
donor =4 Z+ 9-(2-octyl-dodecyl)-2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan
-2-yl)-7-(4,4,5,5-tetramethyl-[ 1,3]dioxolan-2-yl)-9H-carbazole 2} ' 2,7-bis-(4,4,5,5
-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-9,10-bis-(2-octyl-dodecyloxy)-phenanthr-
encd 77t FARATR BAE Azrefogwel DATRY ks
poly[9,10-bis-(2-octyl-dodecyloxy)-phenanthrene-alt-4,7-di-thiophen-2-yl-benzo
[1,2,5]thiadiazole] (PN40TBT), poly[9-(2-octyl-dodecyl)-9H-carbazole-alt-4,7-
di-thiophen-2-yl-benzo[1,2,5]thiadiazole] (PCD20TBT), poly[9,10-bis-(2-octyl-
dodecyloxy)-phenanthrene-alt- 2,5-dioctyl-3,6-di-thiophen-2-yl-2,5-dihydro-pyrr-
olo[3,4-c]pyrrole-1,4-dione] (PN40DPP), poly[9-(2-octyl-dodecyl)-9H-carbazole-
alt-2,5-dioctyl-3,6-di-thiophen-2-yl-2,5-dihydro-pyrrolo[3,4-c] pyrrole-1,4-dione]

(PCD20DPP)E sl o, dd miare] 4, #std, 175
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2. 239

m-2-1. A 2 &oj

p-Toluenesulfonyl chloride®} #-amyl alcohol, 2-thiophenecarbonitrile, bromo
octane alfarl2] A|FS AF&3} AL, potassium acetates= Junseir}2]
slom, 1 9o BE Aok Aldrichrle]  AEFES

sttt 5 Auo] fle g FYs AlES AA glo] A=
AE-3F T Tetrahydrofuran (THF)<  sodium/benzophenone=  ©]-8-3}¢]
A A AH83F AL, toluene} tetracthylammonium hydroxide solution (20
wt.% in water), 2M K,CO3 T8 dL A A7IAE Eojyo] 2AE A|A 3

F ALgarel ok

1-2-2. Az w7 G2 44

I1-2-2-1. 4,7-dithiophene-2-yl-benzo(1,2,5)thiadiazole®] 34 (1)
4,7-Dibromo-benzo[1,2,5]thiadiazole (1.76 g, 6 mmol), tributyl-thiophen-2-yl-

stannane (4.93 g, 13.2 mmol), [1,1"-Bis(diphenylphosphino)ferrocene]dichloro

palladium(II), complex with dichloromethane (Pd(dppf)Cl,) (0.24 g, 0.30 mmol)

= bubblingd} toluene 30 mLoll &3 A| ZItt. 100~110 °Cell A stF &<k 8

AR o ko] TERHAW NeeEE d2oR Uld ¥ SRS
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300 mLE 7}&FSth 200 mLe ethyl acetate (EA)E Al ¥ F33F F7]15
S T MgSO.E H7bete e AASAY. 42 1A IFFES
silica/hexaneZ] columnol| A A A3} hexane .= ThA] 2| ZA A st F3F
A needle W90 1A 3FHE 1S AATE 1.40 g (78%), MS: [M'], m/z
300.05. mp: 120.1 °C. 'H-NMR (400 MHz, CDCls), (ppm): 8.12 (dd, J;
= 3.3 Hz and Jo= 1.1 Hz, 2H), 7.89 (s, 2H), 7.46 (dd, J;= 5.1 and J»
= 1.1 Hz, 2H), 7.22 (dd, J; = 4.8 Hz and Jo = 4 Hz, 2H). “C—NMR
(100 MHz,CDCI3), (ppm): 152.7. 139.4, 128.1,-127.6, 126.9, 126.1,
125.9. Anal. Caled for Ci4HgN»S3, C, 55.97; H, 2.68; N, 9.32; S, 32.02,
Found C, 56.09; H, 2.48;.N, 9.85; S, 31.57.

I1-2-2-2.  4,7-bis(5-bromo-thiophen-2-yl)-benzo(1,2,5)thiadiazole 2] &4 (2)

shetE (1) (1.20 g, 4 mmol)S 20 mLe] chloroform ©l &3 AIZ1 %, N-
bromosuccinimide. (NBS). (2.13 g, 12 mmol)S one portion® = 7} At} 7
ZolA 3 AIRE Fb AR kg ol SR H W 200 mLo] S
A7reto] AR uAstdES dEHEAH. 92 A 3FES toluene
o2 AAA A F24 1A 3gE 28 43Tk 1.31 g (72.0%)
MS: [M], m/z 457.95. mp: 233.0 °C. '"H-NMR (400 MHz, CDCls, ppm):
7.81 (d, J = 4.1 Hz, 2H), 7.79 (s, 2H) 7.16 (d J=4.0 Hz, 2H), Anal.
Caled for C14H6Br2N2S3 C, 36.70; H, 1.32; Br, 34.88; N, 6.11; S,
20.99 Found C, 35.92; H, 1.551; N, 6.33; S, 21.32.

ol
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11-2-2-3.  3,6-Dithiophen-2-yl-2,5-dihydropyrrolo[3,4-c|pyrrole-1,4-dione2]
¥ Q)

Potassium tert-butylate (9.34 g, 83.3 mmol)= two neck round bottom flask
of Y3l N, #9]7]&}oll A t-amyl alcohol (8 mL)¥} 2-thiophenecarbonitrile
(7.80 g, 71.4 mmol)9] =3&ES AYAE o] &3} one portionS = 37}
ST 304 & 9F wWE $ t-amyl alcohol (20 mL)¥} dibutyl succinate (5.50

g, 23.8 mmol)®] =3E 140 °CollA 1AIZF &<t A7} 5 8AIZE &<t

wikEth Wb FE F WSenEs AeoR Wi F, FHF 300
mLE W& EFE 7teted AEE AE S A9 FHdes FHsdth
I §F d2 AAES SR AFsaL e AA fle] AHES A

11-2-2-4. 2,5-Dioctyl-3,6-di-thiophen-2-yl-2,5-dihydro-pyrrolo[3,4-c]pyrrole-
1,4-dione ¢} 344

sketE (3) (5.85 g, 19.5 mmol)¥} potassium carbonate (26.9 g, 195 mmol) =
N,N-dimethylformamide (DMF)oll ¥ 3L 140 °C, N, +¢17] 3foll uwks}e]
23] A7l % bromo octane (15.0 g, 78 mmol)= 3] & 713}t 150 °C
AN 15417 FF SFAZ tF vhEgo] FEHW RIEEE Ao

Ll

ft

Wd 3 7S5 300 mLE 71Tl 100 mLe] chloroform. & A

= 7 MgSO.E #H7betol ES AAG Y. I AL

ol

28 #7)

iy
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A 3EEL silicahexane Al columns  ©]-&3le] A P metha-
nol/methylene chloride (MC) M ZAA st F44 1A ggtE 45 AU
1.12 g (11%), MS: [M'], m/z 524. mp: 134 °C. 'H—NMR (400 MHz, CDCls,
ppm): 8.92 (dd, J; = 4.00 and Jo= 1.12 Hz 2H), 7.63 (dd, J; = 5.12
and Jo= 1.08 Hz 2H), 7.27 (t, J = 4.00 Hz 4H), 4.05 (t, J = 4.68 Hz
4H), 1.75 (m, 4H), 1.30 ~ 1.24 (m, 20H), 0.85 (t, J = 6.96 Hz 6H),
"C—NMR (100 MHz, CDCl;, ppm):-162.3, 141.0, 136.2, 131.6, 130.8,
129.6, 108.6, 43.2,-32.7, 30.9, 30.2, 30.2, 27.8, 23.6, 15.1. Anal.
Calcd. for C14HgN202S,:C, 55.98; H, 2.68; N, 9.33; 0,.10.65; S, 21.35.
Found: C, 55{92sH, 2.594 Q455 SIS 1%
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I1-2-2-5. 3,6-Bis-(5-bromo-thiophen-2-yl)-2,5-dioctyl-2,5-dihydro-pyrrolo
[3,4-c]pyrrole-1,4-dione2] A (5)

SH3HE (4) (1.04 g, 2 mmol)E 20 mLe] chloroforme]l &31A] 71 &,
(0.78 g, 44 mmohE H7IelGith 2ol 3 A7F Hot wwte
o] TxHW 300 mLe] FFTE 0

i
=
olo
rfo
e
i
N
S
o
ol
2
Au
)
S

chloroform® & A ¥ F%3 F7]%5S T4 MgSO.E #H7bste] F8&
A AT A2 1A 3}3HE 2 silicashexane Al columns ©]-8-3le] 4
A Th A 33 ES toluenel = A AA SIS HESA 1A &5
5 52 AF 1.02 g (75%) MS: [MT], m/z 682. mp: 169.4 °C. 'H-NMR
(400 MHz, CDCls, ppm): 8.68 (d, J = 4.04, Hz 2H), 7.23'(d, J = 4.04,
Hz 2H), 3.97 (t, J = 7.92, Hz 4H), 1.70 (m, 4H), 1.39 ~ 1.25 (m,
20H), 0.86 '(t, J = 6.24, Hz 6H). Anal. Calcd. for C14HgN205Ss: C,

55.98; H, 2.68; N, 9.33; O, 10.65; S5, 21.35. Found: C,/55.92; H, 2.59;
N, 9.45; 5, 21.81.
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.S,
N/S\N NN

\ S \
Pd(dppf)CI2 S
+
toluene S
1
-8
N\ /N
NBS B S ‘ Ot
S ———
chloroform Br S \
2
(0]
S.__CN : 0-Cy4Hqg t-BuOK; t-amyl alcohol
U 7 110°C, 4h

e}

Br—CgHy7

KoCO3, DMF, 150°C

4 5
Scheme II-1. Synthesis of acceptor monomer
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11-2-3. AR} F7) SFAY A

I1-2-3-1. Toluene-4-sulfonic acid 2-octyl-dodecyl ester®] 3 (6)

20l 4] 2-octyl-dodecan-1-ol (50.0 g, 167 mmol)¥} pyridine (16.0 g, 202

mmol)S 100 mLe] MColl &3]A]71 3 30%3F HFA]Z T} 0 °C (ice bath)
o 5] 100 mL2] MCol &3 A1Zl p-toluenesulfonyl chloride (48.0 g, 252
mmol) THF NS H7Es £, oA 8AIXF EQF wukAZit ¥h3-o]
TEEY, 300 mLe) SRHFE WS EFE 7483t 200 mLe] MC=
AW F23 7715S 757 MgSO.5 d7ste] 85 AlAsT &
2 WA 3}3ES silicathexane Al columns ©]-8-3ho] At FA 9
N7 stetE 62 LUtk 69.5 g (92%), MS: [M], m/z 452. "TH-NMR (400
MHz, CDCls, ppm): 7.79 ~ 7.77 (d, J = 8.04 Hz, 2H), 7.34 ~ 7.32 (d,
J = 8.04 Hz, 2H), 3.92 ~ 3.90 (d, J = 5.52 Hz, 2H), 2.44 (s, 3H),
1.61 ~ 1.55 (m,1H);»1.33.~ 1.14 (m,-32H9,-0.89 ~ 0.86 (t, J =
13.92 Hz, 6H), C—NMR (100 MHz, CDCls, ppm): 145.57, 134.27,
130.78, 128.95, 73.83, 38.65, 32.97, 32.93, 31.65, 30.84, 30.67,
30.59, 30.55, 30.39, 30.32, 27.50, 23.74, 23.71, 22.60, 15.15. Anal.
Calced. for Co7H4303S: C, 71.63; H, 10.69; O, 10.60; S, 7.08. Found: C,
71.62; H,10.38; S, 7.12.
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11-2-3-2. 2,7-Diiodo-phenanthrene-9,10-dione2] 373 (7)

AF2-ol A phenanthrene-9,10-dione (2.8 g, 10 mmol)S #3a+ 24k 100 mL
of &3] &3l Al F N, £917] 3FellA] N-iodosuccinimide(4.49 g, 20

mmol)S one portion® & H7}slal WHHAIZTH 1 A7 & HES RS

O

o

0 °C (iocbath) % W7h& thg 2417k Hob WUkAZTh WHg T2 F 300
o FHFE U EFE e

mL =]

B & 98 HAAES chloroforme = )4 A sto} F3F
S o]

= =

A=

ol
k]
o
oX,
i,

N
o
i)
v
Q‘L
8
o
i)

>

A sk 7

AT} 3.40 g (74%), MS: [M'], m/z 460. mp: 202.8 °C Anal. Calcd. for
C14HsN0,S,7 C, 55.98; Hy2.68; N, 9.33; 0, 10.65; S, 21.35. Found: C,
55.92; H, 2.59; N, 9.45; S, 21.81.

11-2-3-3. 2,7-Diiodo-9,10-bis-(2-octyl-dodecyloxy)-phenanthrene2] 43 (8)

3135 (7) (3.22-.g, 7 mmol)= A A3k THF (80mL)°ll &3A|7]aL, tet-
rabutylammonium bromide (BuzNBr) (0.68 g, 2.12 mmol)= 3 7}3F & 304
FoF wWHFA At} Sodium hydrosulfite (Na;S,04) (9.75 g, 56 mmol)E <
100 mLell &3|A1Z] 89S 30 & 52 N, 7F2=22 bubblingdle] HE-S-
Eol #7bskar mRkAIF T 6 AlZF § NayS,04 (4.87 g, 28 mmol)E
4 50 mLoll &3|A)7] FgRE 30 & e N, 7F2E bubblingd}o]
=3t=ol H7bstar 20 £ &<QF WHkAZ] £ 20 wi% NaOH & 945 wF

SEE HItslelth %= (6) (6.65 g, 14.7 mmol)yS A7} Al7]AL 6
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AIZE B BRAAY e FE F 300 mLe SHTE S E3E
of 7}l 200 mLe] EAR Al ¥l FE3 §7]15S F9 MgSO.E #
bkl RS AASTE o AA 3}3tES silica/hexane”| col-
umnol| Al GAsEe] kA A E3HE 85 AAUTE 391 g (70%), MS:
[M'], m/z 1022. "H-NMR (400 MHz, CDCls, ppm): 8.59 (d, J = 1.80 Hz,
2H), 8.24 (d, J = 8.80 Hz, 2H), 7.83 (dd, J; = 8.44 and J, = 1.84
Hz, 2H), 4.04 (d, J = 5.84 Hz 4H), 1.88 (m, 2H), 1.35 ~ 1.26 (m,
64H), 0.87 (t, J = 5.88 Hz, 12H), ""C=NMR (100 MHz, CDCl;, ppm):
144.03, 135.76, 132.73, 132.61, 128.46, 125.29, 94.56, 41.23, 40.56,
33.33, 33.29] 33.27, 32.91, 32.74, 31.61, 31.16, 31.11,.31.09, 30.82,
30.80, 28.34, 24.10, 15.53, Anal. Caled. for C14HgN>05S.: C, 55.98; H,
2.68; N, 9.33; 0, 10.65; S, 21.35. Found: C, 55.92; H, 2.59; N, 9.45; S,
21.81.

11-2-3-4. 2,7-bis-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-9,10-bis-(2-
octyl-dodecyloxy)-phenanthrene®] &4 (9)

3}sHE (12) (3.59 g, 4.50 mmol), bis(pinacolato)diboron ( 3.42 g, 13.5 mmol),
potassium acetate (4.41 g, 45 mmol), [1,1'-Bis(diphenylphosphino)ferrocene] di-
chloropalladium(IT), complex with dichloromethane (0.17 g, 0.22 mmol)E
50mL DMFel| &31A17]31 N, £917] el 160 °CollA] 8AI7F &<k 25

AZAS. W T8 F 300 mLe| SHE e E%=ol Zhshalth 200
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mLe EAR Al ¥ FE3 §715S 75 MgSO.& H7bste] +iE Al
Astth AR A 3}eHES silicashexane ] column©l| A 7 A 5} o]
A A BHeHE 98 AATE 2.90 g (63%), MS: [M'], m/z 1023. mp:
233.0 °C. '"H-NMR (400 MHz, CDCls, ppm): 8.77 (s, 2H), 8.63 (d, J =
8.40 Hz, 2H), 7.96 (dd J; = 8.40 and J, = 1.08 Hz, 2H), 4.08 (d, J
= 5.88 Hz 4H), 1.94 (m, 2H), 1.38 (s, 24H), 1.34 ~ 1.25 (m, 64H),
0.86 (m, 12H), "C—NMR (100 -MHz, CDCls, ppm): 144.87, 132.15,
131.80, 131.42, 130:72, 123.39, 85.08, 40.75,-33.39, 33.36, 32.93,
31.62, 32.17, 31.16, 31.14, 30.84, 30.82, 28.52, 26.30, 24.12, 24.10,
15.52, Anal./Caled. for G1iHgN20sSs: Cy 55.98; H, 2.68; N, 9.33; O,
10.65; S, 21.35. Found: C, 55.92; H, 2.59; N, 9.45; S, 21.81.

I1-2-3-5. 4,4'-Dibromo-2-nitro-biphenyl®] 34 (10)

4,4'-Dibromo-biphenyl (10 “g;.32 mmol)=-100 mL2] “acetic acidol] 83| Al
Z Tk 100 °Coll Al N, 91718kl A1 &9k 2k AlZ1 % fuming HNO;
(50.4 g, 800 mmol)¥} FH (100 mL)Y EFES H7ledd. F7F &
100 °CellA] 30 & &<t WHEA]A F=31, 300 mLo] SHTE Yol Whg&
TE A2eE yd H AdE AAES ZHENH 2H T 842 =
2 A ES chloroformO & AZAAS ] =2k 14 3gE 10 I
t}. 9.36 g (82%), MS: [M'], m/z 357. mp: 114 °C. 'H-NMR (400 MHz,
CDCls, ppm): 8.02 (d, J = 2.20 Hz, 1H). 7.75 (dd, J; = 8.08 and J-
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= 1.84 Hz, 1H), 7.56 (d, J = 8.80,Hz, 2H), 7.27 (d, J = 8.08 Hz, 1H),
7.15 (d, J = 8.44 Hz, 2H), "C—NMR (100 MHz, CDCls, ppm): 150.46,
136.95, 136.60, 135.40, 134.39, 133.33, 130.74, 128.58, 124.36,
123.15, Anal. Caled. for C14HgN20,S,: C, 55.98; H, 2.68; N, 9.33; O,
10.65; S, 21.35. Found: C, 55.92; H, 2.59; N, 9.45; S, 21.81.
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I1-2-3-6. 2,7-Dibromo-9H-carbazole®] 34 (11)

s}etE (10) (8.92g, 25 mmol)= two neck round bottom flaskol] il N,
#7138}l triethylphosphite (31.0 g, 187 mmol)S % 713 F 160 °Coll 4] 84
Er BFAIRAT. WS TR 2R E A2l
ethylphosphite YA} 7} Atebd wj7}#] 35% HCl 89S Y3 N
gdow TN TIAI7 =S 200 mLe] EAR Al H F=3
7155 T MgSOsE AUtk s AT ¢S 1
=5 silica’hexane ] columnoll Al A At MCE 2 AA st A 1%
s 115 DAL 5.68 g(70%) MS: [M'], m/z 325. mp: 2362 °C. 'H—
NMR (400 MHz, CDCls, ppm): 8.05 (s, 1H), 7.87 (d, J = 8.44 Hz,
2H), 7.56 (d, J = 1.48 Hz, 2H), 7.35 (dd, /; = 8.08 and J, = 1.48
Hz, 2H), ""C=NMR (100 MHz, CDCl3, ppm): 140.3, 123.3, 121.8,
121.5, 119.8, 113.9. Anal. Caled. for C14HsN,0,S:: C,/55.98; H, 2.68;
N, 9.33; O, 10.65:.S,°21.35..Found: C55.92; H, 2.59; N, 9.45; S,

Jo

21.81.
11-2-3-7. 2,7-Dibromo-9-(2-octyl-dodecyl)-9H-carbazole®] 343 (12)
0 °Col A 3}g= (11) (4.87 g, 15 mmol)?} sodium hydride (0.90 g, 22.5

mmol)S A gk THF 30 mLell &3A1Z1 %, 60 °Cel A &5+ (6) (10.1 g,
22.5 mmol)S A 7FAIZITE 60 °CollA 8 AIF &<t 37 Al ohg 9
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o] FrHW WL E HFog Yd F
200 mL9] ethyl acetate (EA)= Al ¥ F=3 {F715S FF MgSO.& H
Vet FES A ASH T 92 AA| 3FeHES silica’hexane ] column
NA FASE] Al A 33E 125 AATE 5.08 g (56%) MS: [M],
m/z 605. mp: 233.0 °C. '"H-NMR (400 MHz, CDCls, ppm): 7.87 (s, 1H),
7.85(s, 1H), 7.48 (d, J = 1.84 Hz, 2H), 7.33 (dd, J; = 8.44 and J, =
1.84 Hz, 2H), 4.03 (d, J = 7.68 Hz, 2H), 2.06 (m, 1H), 1.32 ~ 1.21
(m, 32H), 0.87 (m, 6H), *C=NMR (100 MHz,-CDCls, ppm): 142.7,
123.4, 122.3, 122.1, 120.6, 113.2, 48.7, 38.5, 32.9,'32.9, 32.6, 30.9,
30.6, 30.6, 30.5, 30.4, 30:3. Anal. Caled: for C14HgN»05Ss: C, 55.98; H,
2.68; N, 9.33: 0, 10.65; S, 21.35. Found: C, 55.92; H, 2.59; N, 9.45; S,
21.81.

I1-2-3-8. 9-(2-Octyl-dodecyl)-2,7-bis-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan
-2-yl)-9H-carbazole®] 34 (13)

3}3HE (12) (4.84 g, 8 mmol), bis(pinacolato)diboron (6.05 g, 24 mmol), po-
tassium acetate (4.71 g, 48 mmol), [1,1"-Bis(diphenylphosphino)ferrocene] di-
chloropalladium(II), complex with dichloromethane (0.32 g, 0.4 mmol)E 40 mL

o] DMF| &3|AIZ]1 $ N, 9171 3kl 160 °Coll A 8A|ZF &<QF 3HFA]

Aok Wb TR SR EE AR Y F, SRFT 300 mLE 7

-

SF T 200 mLe] ethyl acetate (EA)= Al H F&E3% F7|5S F
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MgSOsE H7tstel & AANT doxl AA] sFES il
ca/hexaneZll columnol| A A #|sle] 22 A 33tE 132 AT 3.07 ¢
(55%), MS: [M"], m/z 700. mp: 233.0 °C. 'H-NMR (400 MHz, CDCls, ppm):
8.11 (d, J = 7.68 Hz, 2H), 7.87 (s, 2H), 7.67 (d, J = 8.08 Hz, 2H),
4.25 (d, J = 7.32 Hz, 2H), 2.18 (m, 1H), 1.38 (s, 24H), 1.31 ~ 1.20
(m, 32H), 0.86 (m, 6H), "*"C—NMR (100 MHz, CDCls, ppm): 142.25,
126.40, 126.19, 121.27, 117.04, 84.98, 83.95, 54.74, 48.61, 33.34,
32.98, 30.94, 30.69, 26.37, 26.28, 26.21, 24.10, 24.08, 15.55, Anal.
Caled. for C14HegN202S,:C, 55.98; H, 2.68; N, 9.33; 0,.10.65; S, 21.35.
Found: C, 5592 H,; 2. 594 QIG5 S MRS 1%
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CgH17~_CioHa TsCl CgH17-_CioHa1
\[OH pyridine \[OTS
6
(@] O (@] O
O NIS O Na,S,0,, BuyNBr
O Q H,S0, ; Q Q I THF, NaOH(20%wt), 6
7
CeHiz  CgHi7 CgHiz -~ CgHyz

bis(pinacolato) diboron

(e}
6 KOAc [0} 6 O
wa® I - =)
ppr)Cl (0]
DMF  {

8 9
NO, H
fumming HNO3 triethylphosphite
AcOH
10 1
CgHi7 CgHi7
CioHaq CioHai

bis(pinacolato) diboron
6 N KOAG 0 N o
Br Q O Br Q O B
NaH / dry THF “ Pd(dppf)Cl, o] 0
DMF
12 13
Scheme I1I-2. Synthesis of donor monomer
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CioHz1 CroHa1

CioHa CioHz1 Ca”w‘& CgHi7 s
S Q o PN
Caftir Cehir NN Pd(PPhy),, TEA
Q 6 O + s Br -
) / i\ A
B O O B, | \ | Toluene, 95°C, 15min
o o) s

Br
9 2 = PN40TBT -n
CroHa1 C1oHzs
N S,
Cothir NN B Can)\ NN
N s Br Pd(PPhy);, TEA by s |-
: gl O
Q O B S Toluene, 95°C, 15min . Q O g
(¢] O r
13 2 o PCD20TBT —n
C1DH21 CWDHZW

CBHW‘& CgHi7
Q Of

CioHz1 CyoHpy
CBHWA& ICBHW
QP Pd(PPhs),, K,CO,
" y
io\ /Oi Toluene, 95°C, 48hrs
/B B\
o o
9 5 PN40DPP
CioHa1
CioHa1 CBHW)\
Cehi7 Pd(PPhs),, K,COs N Caftr
o N o + . O Y S
Toluene, 95°C, 48hrs - ANS
o o s k
07N\ I
- CgHq7 —n
13 5 PCD20DPP

Scheme II-3. Polymerzation of monomer
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I1-2-4. 31822} 3

I1-3-4-1. Poly[9,10-bis-(2-octyl-dodecyloxy)-phenanthrene-alt-4,7-Di-
thiophen-2-yl-benzo[1,2,5] thiadiazole] 2] 53 (PN40TBT)

832 (9) (020 g 02 mmol), FHTE (2) (0.09 g 02 mmol),
tetrakis(triphenylphosphine)-palladium(O) (11.5 mg, 10 umol)S < toluene
(4.0 mL)oll &3 A7 $ 95 °C AA&E 7] stellA 10 St FFAIZ
T}, Tetraethylammonium hydroxide solution (TEA, 0.6 mL, 20 wt.% in water,
0.9 mmol)S #7}sla 3FA|ZtE 155 5 bromobenzene (0.07 g, 0.5
mmol)S F7F8kal 147k &Sk 37 A1Z] §, phenylboronic acid (0.06 g, 0.5
mmol)S H7FsFal 1AE FF IFAF T X F3ES methanol?l]
ANHHe & o fste] AAE 31 AE methanol, hexane, chloroform <=
A2 soxhletS S}al chloroform@. 2 F=3F 31355 T}A] methanolol

&

ARAT 5 ofFarel e pes a1y

11-2-4-2 Poly[9-(2-Octyl-dodecyl)-9H-carbazole-alt-4,7-Di-thiophen-2-yl-
benzo[1,2,5]thiadiazole] ¥ F 3 (PCD20TBT)

313+E (13) (0.13 g, 0.2 mmol)¢}F 3= (2) (0.09 g, 0.2 mmol)= ©] -85}

oq PN20TBT«] 1751— =] 3} H]—HJ o7 1751— m ;gxﬂ o}oﬂq_ lH NMR
(400 MHz, CDCls, ppm): 8.14 (m, 2H), 7.73 ~ 7.47 (br, 8H), 7.21 (m,
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2H), 4.27 (m, 2H), 2.26 (m, 1H), 1.53 (s, 24H), 1.41 ~ 1.19 (br,
32H), 0.83 (m, 6H)

11-2-4-3. Poly|[9,10-bis-(2-octyl-dodecyloxy)-phenanthrene-alt- 2,5-dioctyl-3,6-
di-thiophen-2-yl-2,5-dihydro-pyrrolo[3,4-c|pyrrole-1,4-dione] & 3
(PN40DPP)

seHE (9) (020 g 0.2 mmol), IFE (5 (0.13 g, 0.2 mmol),
tetrakis(triphenylphosphine)-palladium(0) ( mg, 10 umol)=- 5~ toluene (4 mL)
o &8 A7l %, 95 °C i) @A 102 Bk 7% 2M
KCOs T8 4 mLS H7F3slal 48417 &< 37/ A7 th Bromobenzene
(0.07 g, 0.5 mmol)S YL 1A|ZF &2k SFA]Z] %, phenylboronic acid
(0.06 g, 0.5 mmol)S %¥OlFo] 1MESE SFAZH ol Td=S
methanolel] A A3 & oz}ste] AAE HEAE methanol, hexane,

chloroform <=A] = soxhlet=- 3}l chloroform®.&2. F=73F 3}3+&ES U}

b3}
Al methanolol] A} 3 M 7S ojatspe] A Aol TS AUt
11-2-4-4. Poly[9-(2-Octyl-dodecyl)-9H-carbazole-alt-2,5-dioctyl-3,6-di-
thiophen-2-yl-2,5-dihydro-pyrrolo[3,4-c|pyrrole-1,4-dione] ] 53
(PCD20DPP)
sh3HE (13) (0.13 g, 0.2 mmol)?} 3= (5) (0.13 g, 0.2 mmol)= ©]-&-3}

o] PN40DPP9] 33 Hd3 ®whHow 3 2 AA g} !
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NMR (400 MHz, CDCls, ppm): 8.11 (m, 2H), 7.69 (m, 2H), 7.51 ~
7.36 (br, 6H), 4.12 (m, 6H), 2.18 (m, 1H), 1.70 (m, 4H), 1.39 ~ 1.21
(br, 76H), 0.86 (m, 12H)
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M3 7171 34 2 &2 Az
I-3-1. 7171 &4

RETESR 88

400 MHz 1H-NMR, 100 MHz 13C-NMR 2=3 E &1 (JNM ECP-400, JEOLA}),
MALDI-TOF type Mass Spectrometry (Voyager-DE PRO, Perkin-Elmer)<}
Macro and Micro Elemental Analyzer (Vario macro/micro, Elementar) & A}-8& 35}

of 7t7ke] wep TS GeIFAL

2. B4 B A

GFA o] ==% 2 Stanford Research SystemsA}2] Stanford Mode MPA-
1002 AH&skol S48t EAT S4S WatersAhe]  Varian 212-LC
pump, Waters Styragel HR4E columns , 410 RI A =7] & ©] &5l o574
2 toluenes AF83F S, column poly(styrene). standardE  ©]-83}¢]

calibrationd} %3 T},

E+ Ag/Ag+ in methylene chloride [0.1 M tetrabutyl ammonium
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hexafluorophosphate (BusNPFe)< AF-8-3F31aL, B HA=9S92 Pt coile 7t
7y Abgstal XA A8 d S 0.1 M BuyNBFs solution in methylene chloride
(MC)E AF&-s3itt.

4. AW 54
FHAWE A4S S48 $18t Y2 150 W Xe lamp (Model LS-

150-Xe, Abet technology)s AF83}%12 ™, AM 1.5 G Filter (Oriel Model
81088)E ©]&3lod AM 1.5 G 271& W&o Tt} StandardSilicon cell
(Certified by National Institute of Advanced Industrial Science and Technology
with protective KG 5 filter Model BS-520)5. ©] 8311 1 sun (100 mW/cm2)3=

A& gFo] 90U -V 542 Source Measure Unit (KEITHLEY Model
2400)S ©]-&3ke] =7 8kSlt
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I-3-2. 2% A=+

71 F AR 2] A2 ITO7F ZY ¥ glass substrates deionized water
(% =9)-acetone-methanol-isopropyl alcohol (IPA) =02 X3} A& 3}A
t}. PEDOT:PSS (Clevios P)S IPAS} H-39]4] 1:282 E&dld3te] 4000 rpmell
A1 R ek 29 FHEAL 150 °ColAl 10 T A skl
PEDOT:PSSE F®st7] Aol AlH 3 ITOE 1 & &<+ UViozone # 3}
St &g F o2 AL-&3F= electron donor (polymer)$} electron acceptor
(PCBM)= 129 T #H| 2 Eddslsit;. & WY Al electron donor® A}
€3t PN40TBTS} PCD20TBTS] & v = dichloro benzene(DCB)E A}-&3}
I AEAR FEE 10mgmlE 3151S™, PN40DPPS} 'PCD20DPP=
cosolvent (DCB : CF =2 : 8)°] =& 5Smg/ml= 33t} 1 thg Edd
sk 329} PCBMO] E3EES 600 rpm (2 ) oA =¥ Z®SFAL, 1

o Al 2SS R FHekel f A A =shadnt.
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4. 23 2 EE

ZFo] 7 scheme 11-1, 29 wel 49 geks Ao wal oF 50

~90%°] FEE 45 F AT

kY
é
=
o
=
o
&
I
my
o
of
o
P‘L
4%
g U
H
vs]
H
il
S~
=
ofo
P‘L
&
of
o
r
=
a
>
rO

%t PCD20DPP, PN40DPP®} #o] acceptor= DPPE =913t A9
35 I8 Tl FIH71 TEAS AbEstd, T3 dadh 129
Aol LA o} 7 3712 Q18] DPPO| ketone?| 7} 711 $-27F glo] oF
@719l potassium ‘carbonate (K,CO3) T8-S TEA thAil A&ttt

KiCO; 5 894S AHEste] BISE s shol $3wrt Wol4: AL B

:

(9), (13)¢] =l bromo”] 2} boronic ester’] & A A3I7] 915t 77} 1
AP Bk FRhikes o A ol AFAES ditde=
methylene chloride, chloroform, toluene &3} &2 7|8 vo] 2 &3]%

ct.

ToE awAe] FeH 54E SAs] s Uv-vis A EF
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(Figure 11-1, 1-2)3 PL =3 E & (Figure 11-3, [-4)S FH438A 1, 2+7+9]
A ERE aeFA o] TR wet wlastr] g A TBT7F &0l L

Ztet DPP7F Eo13F AR vro] LER QLT

TBT7} 917t 3% PN4OTBT, PCD20TBT®] UV-Visble 2= E 70|
= T MY peak’} YEFHTE 440nmo]slol A YERE peak m-n* A O]
of o3 #ZE™, 450nm ~ 760nmo] U+ peak> donor-acceptor 7-Z=°l
HF2) £ = intermolecular charge transition (ICP) &oll o3 el
7} PN4OTBT”} 560 nm, PCD20TBT7} 535 nmol A o] &4 338
U™, PN4OTBTS] & 3 < o7} PCD20TBTE.TF 2F 20nm™

mo£

red shit 3 A& g1k Lg]al 7} peakd] edgeZH-E A& &

f
)

o

61
band gap °IUI#|= PN4OTBT7} 1.88 eV} PCD20TBTS] 1.93 eVE &
Tt

DPP7} £9°]7F 31 AF PN40DPP, PCD20DPP2] UV-Visble =3 E & of I=
T+ e peak7b THEFHATE. 2k o A= BHEA nnk 7 o]
peak? ICP peak®] 7] zfo}7} wlg- AA UEtRT o] ~FER o R
DPP7} E0i7F nE A= Fuidos o2 nEAHT ICPEAo] Eol
S Fa 99 sHojAl= e e 4 ghvk Z1e]al 500 ~ 800
nmol| A U2 peakOﬂ o “shoulder” 2] &-9-287F YEd o] Hol
=4 oA EAZrn-n stacking 2 & 2HAFE T PN40DPPet

A

PCD20DPP2] %32 band gap SlUA = 217} 1.64, 1.62 evVolr 2o

=
=
1o
ki
4
Y
o
(i3
ofd
rlo
&N
N
g
Z
B
S
—
w
—
1
g
o
)
[\9)
S
—
w
—
N
N
~
(U)]
=
8
T
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685 nm, PN40DPP<} PCD20DPP7} 435 nm<} 430 nmol| A

%31, PCBM 293 49 448 44 21 @4 BRI
19 ol 4 Ao nEA B

UV-Visble Z} PL A~ E oA Ul A
300 ~ 800 nm Alold] Y& &5 A o
frelsty, olZ <l A}

Aolg} o FHtt.
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UL P T U I RN T o I
1.0 —=— PN40TBT -film
- —a— PCD20TBT - film
S
©
'
o
2
P~ 0.5
o
[ .
o
®
Qo
<
0.0

400 500 600, 1700 800 900
Wavelength (nm)

Figure II-1. PN4AOTBTS} PCD20TBTS] & JEl2] UV-Visible ~HEH
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1.0 -[ —=— PN40DPP - film N
—a— PCD20DPP - film

Absorbance (a.u.)

400~ 500 600 700 800 900
Wavelength (nm)

Figure II-2. PN40DPPS} PCD20DPPS] I E’JH|2 UV-Visible ~HEY
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1.0 —=— PN40TBT - film
—a— PCD20TBT - film

PL Intensity (a.u.)
o
(3]

s
=

600 . 700 - .~ _ 800 900

Wavelength (nm)
Figure I1-3. PN4OTBTS} PCD20TBTY ZE4E] 9] PL AFEH
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1.0

—#— PN40DPP - film
—4— PCD20DPP - film

PL Intensity (a.u.)
o
(3]

o
o
T

400 — 500 600

Wavelength (nm)
Figure II-4. PN4ODPP$} PCD20DPPS] ZEAE] o] PL AFEHY
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Cyclic voltammetry (CV)E ©]&3lo 543 <3 dd A/ A4S
Figure 1I-5, II-79] YElYSloH, o5 Ed|2 A el FH A2 energy
diagram< Figure 11-6, 1I-8° YEFNSITH A&7} - 4.8 z
ferrocines WA 543} onset WY (Eas) s 7l o® ZF 1L
HOMO oY= 9k LUMO olvA &9E Ab=ativh™ o] 7o 1
w2He] LUMO ol A &9 - 3.06 ~ - 3.36 eV AFo] & PCBMS] LUMO
AA =9 — 3.88 eV 9 H|=d oYX F9E JHA A dFol
Z & @ 3lolgt o dEth HOMO olyzl &9 Al —5.08~-531eV

e R ER =2V, 7HE Aelgk o3t

+3 AY AF FHoE A7384 band gapS A 3 A
PN40TBTE 1.97 eVO.® PCD20TBTS 1.75 eVHL}F ZA|RH Witz
PN40DPP= 1.80 eV.O. 2 PCD20TBTE] 2.02 eVH U} 2ot} 7z} uEAE

o Fet4, d7)shet4 5L TablelI-12 74 2} &kl th,
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PaoTeT |

-2.5

P L
-1.0 -0.5

-2.0 -1.5 +0.0 0.5 1.0
E(V) vs. Fc/Fc
‘pcoeotet|
25 / 20 y 15 N 10 z 05 | ‘0.0‘ & ‘0.5‘ 1.0‘ ‘
E(V) vs. FelFct
Figure 1I-5. PN4OTBT ¢} PCD20TBT & +3 A%
-3.0-
-3.5- -3.34 .3.36
-4.0 -
0 i PN40TBT 533 =
% 4.5 p S PCD20TBT -4.2
; -5.0- ITO -5.0
(o)) PEDOT
e -5.11
O 55 -5.31 PCBM
T
-6.0-
-6.5-
-7_0_- 6.8

Figure 11-6. PN40TBT £} PCD20TBT ¢] Energy Diagram
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Figure 11-7. PN40DPPS} PCD20DPPS] T3 AUAF

Energy(eV)

Y

25 20 A5 410 05 00 05
S —E(V) vs. FclFc

PCD20DPP i ’

1 ) e % P I S ST
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5
E(V) vs. FelFct

-3.0-

-3.06

-3.5—- -3.33

-4.0 -3.
] PN40DPP 3 =
-4.5- 4.7

PCD20DPP -4.2
ITO -5.0
-5.0 —

| PEDOT =13 5.08
-5.5 PCBM

-6.0
6.5
7.0 -6.8

1

iz

Figure 1I-8. PN4ODPP2} PCD20DPP2] Energy Diagram
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Table II-1. L EA52] FA7|H EA

HOMO HOMO LUMO Eg.p UV inax PL pax Egp

€v)' (V) (eV)* (V) (nm) (nm) (eV)*

PN40TBT -5.31 -5.22 -3.34 1.97 560 715 1.88
PCD20TBT -5.11 -5.29 -3.36 1.75 535 685 1.93
PN40DPP -5.13 -4.97 -3.33 1.80 710 435 1.65
PCD20DPP & -5.08 -4.68 -3.06 2.02 685 430 1.62

* Figured out from the oxidation onset potential

"Estimated from the HOMO energy level and optical band gap energy

“Figured out from the reduction onset potential

Estimated from the oxidation onset-potential by the energy level of ferrocene as -4.8eV

¢ Absorption edge of UV-Vis spectrum
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S 3 LERE 7P AL /7l SFE A &2 [1ITO / PEDOT:PSS / pol-
ymer : PCBM / AllE& 2 #2813 9 PCEx ZHZf PN4OTBT7} 0.60%,
PCD20TBTE 0.52%, PN40DPPE 1.19% %= U+$Eo ™, PCD20DPP] 7%
= 039%= =A 5w ot
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| —@—PN40TBT
—B— PCD20TBT

(3]
o
T !
'm'.
~

0.0

Current Density (mA/cm?)

-0.2 -01 0.0 01 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

Voltage (V)
1=

o
-

0.01L

1E-3 |

1E-4[ | —@— PN4OTBT ]
E | —l—PCD20TBT E

Current Density (mAIcmz)

23 I T DU I I DU I I B
1.0 -08 -06 04 02 00 02 04 06 0.8

Voltage (V)
Figure I1-9. B2} HYFAA Y 1V = ﬂ(PN40TBT PCD20TBT)

-
|T|

(a) AM 1.5 G 100 mW/cm?, (b) dark condition
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15.0 pFrr T T T T T T T T T T

a
Z( ) —@— PN40DPP
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T 1E4
[
=
=1 L
O 1E-5
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Figure 11-10. 332} B Fd =] 2] -V 34 (PN4ODPP, PCD20DPP)
(a) AM 1.5 G 100 mW/cm?, (b) dark condition
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Table II-2. 122 BFAA Y FH3 4
(mAJ/SémZ) XI) PR B 70 (Qol:;f)a (Qol:ﬂf)" n® (mA/Jcsmz)d
PNAOTBT (-1.-61317()1.10) (0.7313.01) (42.7412£90.83) (o.sgf(;.oa pes 12708 850 2.96
PCD20TBT (-2.-11617()1.30) (0.633.01) (41.22:421.36) (0.62;2).16) R 105379 038
PN40DPP (-2.-93601709.09) (0.6;);(3004) (55.()596£01.51) (1.0;i?).06) 1bgee 1 58.82 252 0.027
PCDDPP ST | evtoo) | (@oo3tosn (arbegy 06110331 298 ooss

a: series resistance (estimated from the devices with best PCE value).
b: parallel resistance (estimated from the deyvices with best PCE value).

c: ideality factor.

d: saturation current density.
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In-s. 2&

o dTolM e 77l HERAAY AA F EdE ARSHE
PN40TBT, PCD20TBT<®} PN40DPP, PCD20DPP &% A 5S Suzuki cou-
pling T¥HE o]&ste] 242 Fskadth 7t polymersE 2] HOMO ¢
UA] 915 - 5.08 eVollAl - 531 eVol™, LUMO olUA] &&= - 3.06
eVol Al — 336 eVE oA ban gapol ZFo} 7B Fd Ao &3S0l A
AR F EAR AREe7] e AR AlmHET A 1EAE
©]-&3lA] Bulk hetero-junction®d B YA 2%} [ITO / PEDOT:PSS / poly-
mer : PCBM / AllE A|2tste] S48 A Asl5AL V., J., FE, PCE &
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