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Synthesis and characterization of new m—conjugated polymers
for polymer solar cells

Sang Jun Park

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

Abstract

Polymer solar cells have great potential-for flexible polymeric electronic device

because of their cost effective and light weight. The bulk.heterojunction (BHJ) layers
exhibit nanoscale mixing of the two components ensuring quantitative charge generation
at the extended donor-acceptor interface whereas the bicontinuous nature allows eff
ective charge collection. Low band gap energy s crucial factor for making efficient
solar cell. To get low bad gap polymer, we introduced electron deficient anthraquinone
derivative and |electron rich dialkoxy benzene derivatives. The polymers are
synthesized by Ithe well-known Heck coupling reaction. The polymers based on
anthraquinone and dialkoxy benzene have low band gap. ca. 2.10 eV. However, the
efficiency of solar: cell based the .polymers are extremely. low because the carbonyl
group in the back—bene seem to be act as an exciton quenching site. In addition, we
synthesized a series- of= low. band gap —polymers . -based dihexylfluorene,
2,1,3—benzothiadiazole, and “dialkoxythiophene by« the Suzuki coupling reaction. The
efficiency of solar cells based on the~low-band gap polymers are ca. 0.3%. In this
thesis, we report the synthesis and characterization of new polymer. The

electrochemical, optical, photovoltaic properties of new polymers as well.
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B2 o] Folx k. FEATAA WS Wol Hats A II= S &
HAEA IEA(n—conjugated conductive polymer)o]t}. o]8| 3l &l A=A
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Fol7] #Aslol-s (photoinduced charge transfer, PICT) dJo = Q3] =%
shc}248 pICT @Abel] 98l electron donor®t electron acceptor® 2] %
Axpel B A4 dA=502 FYEo] FPEH. w3 F A= A
ztol= WA Hrebs A Wy AVES dAsHA Hed, AdE A
ket AL o] MR e 747 553 dHow HAA o] &

N1REE dorle AAol At

Lo

F71EFA=R] FAdo] Al FEAdTo xHQ AMEe Figure I —33

o] A7 & & (electron donor)EE= AEA A5 2 AEX 1EA A=
5ol o

] Kz &2 (electron acceptor)®+ fullerene(Cgo) 3 1
T

EAolt}. Electron donor &d-2 B3 e FFTErt FoH,



Aao olsrvl =& EZolojok 3}y, PPV(para—phenylene vinylene) 7
A3} PT(polythiophene)®] FEA7F AFEHALE HTollE WS 499 H

kS o]gafof Brl= HQ Ao 7|21sle] low band gap electron donor

=

22 2 Ao ForAHA EZF PF(polyfourene) Al Edo] A% 9t}



—

IL'J (anode) ITO (anods)

glass glass

£,



C

ﬁ 1 M g

: . Wi

Med n % £§/\ %}
P3HT MEH-PPV MOMO-PPV

ZnPc CuPc

P iy

CiHy: Gy,

Waﬁm ~

APFO-Green2 PFDTBT

\

Figure "1 —=8. Hl&E 4R AEA FZ 2 ),

(a) AA F7-EZ (b) A=} w7 &4



[ - 3. 7S H A9 /NEHA

Hxo F7] HFAA= 19861 "= Eastman KodakAle] C. W. Tang9
A A= HEYA=dH, AAFIH =H(electron  donor) ®
phthalocyanine(CuPc)& AFE3taL HAAW7] =& (electron acceptor) &+
perylene tetracarboxylic =& AFg&sle] WxstIvt. Hx<o F7] HYE
AAY] &S 1pnwte® v ve @S Bilou, 77| BEdA e 7Hs
e gasgdnt. 2 F 19959 AJ Heeger 2504 PPVAIZ Y] HAEA
aEAk9} electron acceptorZA Ceo9t F71&3 2 Aoli= Coo FZ=AIS
PCBM<= 419 & o= gFdAE st o2 A o F71e
o &L ¢ 3% TR FoE JEQ H7] HEHA ] B &
e Z8S YR oF frlHgAAE

=
200439 = W& Princeton W ernle] S. R. Forrestul<¥

Z =

-y

o

3} Bl z] o o];tﬂ_ﬂ

-

)\
i

mixed layerZ electron donor®} electron acceptor Abolo E=Y3F &z}
hetero junction bi—layer® @Aste] Y2 37 g2 sIES 73ts)o]
5%0]4o] HFF Uz ABageS BRI Y Ha s AE A=

= oz A " AR 2] Me SoR 580 FEYA
==
o



.mo

=K

[— 4. #7181 FA A<

|
—_—

HAlE 1964 Stanfordthshe] Little®] conjugated backbone -

= organic conductor®l|

Walatakaol] o]&] 274 % polymeric sulfur nitride,(SN)x=ZA & \7MA] F<

|

gl

Z oA

ol A]

o]
=

Zpolt}t, 1970 tholl

e

K
]

10
K
Ry

ﬂ
A

ke
g

£ AHEP| SRS .

AREES e
S7h A g,

Z

7). W&ol specific conductivity(FA7| A EEE

Fom i It wEET

RK

i
1
ul

0|
)

TH
™

uh

=
=

o what 7] A=) V)
o A7HEAR As2A AHS 7H Ak 2y WA Aol

e

ko)
o

et

o

B el This

]

A7) T

o

o=

d

&

SEE

S
T

2] o}d ¥ (polyaniline)

3z
=

2

[ =3
=20

el

al

3

It dx=

o

&

)

33}

R

ols

w4 ] AHgOE



I —-4-2. AM 1.5 (Air Mass 1.5)""

B G 7F Aol =ged o diz]Ad o3 &5, v 2 =4 3
Ba AA A7 FaE=d ol o] AW E AXEE Air Mass (AM)
= Aolgtt. Figure I —4o] YeRA A7 Zo] ti7]A wfoll Edal= B ol
UxE AM 08 Ao & 4 glom 1367 W/m e UAZ 717th g o]
h714S Efste] AFxHe| FHow it s AM 18 Ao ).
Bo] AHoRRYH AFHNOR 7|&oA= & 052 Fojd o AM a =
(1/cos®) 2 Aoldtt wetd 6 = 0CY uf AM 1°] ¥ AM 1.5 6 =

ZA s, Aoz Hek

NIAZ AFE KL 7ol o 4R WR  jFYeIUIAE

AM1.5 Z71E F2 X507 Wol] ALgdkal tth.
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Designation of Solar Air Masses

Al O

A 1.5

AM 0.0

Atters zimulator's output to match
extraterrestrial solar spectrum

AM 1.0

Alters zimulator's output to match
terrestrial zalar spectrum when
zun's position vectar iz
perpendicular to the Earth's surface.

&
@ AM 1.5

Alters simulator's output to match
terrestrial solar spectrum
occuring when the sun's postion
vector has rotated 45.3 dedrees
avvay from its

perpendicular position.

AM 2.0

Alters simulstor's output to match
terrestrial olar spectrum
occuring when the sun's position
vectar has ratated 601 degrees
avegy from its

perpendicular position.

o osphere

Figure I —4. Air mass £1E59] 4.
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I —4—4. 7§ A< (Open circuit voltage, Voc)

W8 A9l (open—circuit voltage, Voc)E 327} 7% Arg
o] Ay a7t Ad AEjollA] WS wWhkS w EjFdA o ukel FAH=
Afxteltt. &F 5 & (homojunction) ] A-5-& d=EA dWsiay, d&
A= HAEO] Vocsk p—type RFEA 9 n—type RFEA Abolo] A3k
(work function)®] Z}ol= Fo]x|m, o] Zt2 WiL=A|o] Wh= 4o o3 2
Huw e o] & HEE A AR F2 Vocgho] fojxith

Voc = [LUMO y— HOMO,|+ ALUMO+ AHOMO
Voce A} F7) =43 dxp 37 S48 oA 9k 34 U= e
=2 99 A5 Fdl d5 & 5 Ao (Figure I-6,7)

I —4—-5. @& AF(Short circuit current, Jsc)

1

oot

G2k AF (short—circuit' current, Jse)&= 327} vty AHlE 9 4]
o] gl Aol A We ks W e ek (Ee Y ARER o
o o] Fe AHeRE AALFe] A7|eF 3 F E(spectral distribution)
et G A nk o)y gk Fidol AREH AHAAM = FEFTol s A7H
Azrer o] AAF (recombination)sto] EAE A eFal dwpp a0
2 AR U FeA E3 2 FHog HuYojx =Tt oFEHT. o] uf A AT
o o& 4L A5 WFAAAY AN dojd = Uk E3E JscE A
A sk7] el B A o] Bk He] mALE Hujglow A A
ok st} o] 913 anti reflection coating= 3544 metal contacts
e w B 1S Thee WAS Hast dlFoof dh Jhedt BeE 9
o] Mg Fshr] s =AY W= 3y oy X| 7} AASaE el shA e

A W Vock HAsH HER AL WElE 7hx A w57 Zest
t}. (Figure 1 —6,7)

2
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I —4—6. Fill factor (FF)

Fill factor(FF) & o A= oA e A

FEE ddate w(VmpxJmp)
S VocohJsco Fo& v gholth whebA] fill factor= o] 7}zl e
oMM J-V=de] mFe] Azt

Aul} 7H7h7HE YER = A el
(Figure 1-7)

(,v,) P

max

FF= =
(Isc Voc) (Isc Voc)

(power conversion efficiency, PCE, n)

S (power conversion efficiency, PCE)& EjFz =] 9]

d 83 QA= AARE B Fell x|l thk B A ol
A EEd duAY M= el sk
.I.I a Pnut = jmxxvmx
Prn PIn-

2] W= 100mW/cm?o] a2
YA ] F8 AP o|t},

FF-Isc-Voc (=Imax-Vmax = Pmax)9 &< Hj
b A= A7]9h A o] Lro

8 2ol A SAsteiof stRE iAo

o}k O
15

o2

e

2 AM 1.5, 25 °C
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Current density, J

e
»
o

TV =&~ TaauilV) s T b = Ll{eP8T .7,

v

Light current

Dark current

Bias voltage, V q

Figure I —6. Blo] x5 o3 Aeje}t abdtd oA <

9l dioded]dF—-AL EA (Voc , Jsc)
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I —4—-8. 3% (photoluminascence)? quenching &7

AubA © 2 g—conjugated polymerE2 25 AU A E ol HOMO oy
A F9Y9 electrone] LUMO dly#A] &Y= o7]7} a2 thA] HOMO oy
A F=HE HoAA He A A-S AXA H=d ol band gapRtE
o] AqUAE WEetA dvt. M=Ho] ZpAFg o] =4S wf uls e}

+ ¥ (photoluminascence) & go] dojtt}, ATt electron affinity”7} -

ol

3} electron acceptor = 2Zo] A3t PICT &t 93t electron? ©|%
o

2 g Fo] glojx = ¥ F A (photoluminascence quenching)3dAo] doj
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I — 5 #71HFAA 9 & 4T

Tl F A M e F71de maate] 7] del= Frle BdFdA e v=
K

e xHol FAS o AAE AA-AE A dFolN FAXE AU
(built—in—potentia) o] ¢J3] #F2l¥i A=Z ¥ WFoz s=27 Hr}, o
o} g2/ F71elYH A= electron donor®} electron acceptor 29 3%
T2 olFolA 9laLl, 8BlE HAL W, electron donordl A HA—A o]
A= 3L electron acceptor®= A7} o] F&o.2 M A -AF o] FE|7} o]
Folxity, =, 7] BFdA M= W gl s FAdE A7) s
A ARt AE) 7 o] FoAA AN, 7] BlEAA oA = A9 "Ee )
A3} o]5 3 (photo induced charge transfer, PICT)"o]2} &2+ electron
donor$} electron acceptor =2 Alole] wg- w2 A3} o]sd/go] F7|H

2 Falo] Foolow MuEr)

[-5—-1. W19 &< (Light absorption)

AR TEAYCor RFANA W ol ASE PYAIE AL F7)
FAY fAAEGRREAN A E F

Mg olFa 9 WA AR A7 AR AAF 3o

rN
5y
oX,
Rl
i
=
@,
D
1
=
o
=
(@R
o
=
o
2
-
o
N

i

o
o
©

al
AL, YA shbeE PzAIE 5 (molecular obita)E o] Fo] o]2-3t& &
2o PzAE el n—AA SEdarse] T odl ole2 A4 7HA
ol (valence band)¢} AX=d](conduction band)E ©]&th. g al 7H A<}
AEd] Alolo] o YA 717 Fub=A ] oA 7+A 3} H]523k 1.5~3eV
Ao 7N F FFolA Y S 7T whebs o] el A o] AU AE 7HA



= 8le FHoFA HW n-ndel7t dojual olE TEM AA-HFET

(electron—hole pair<-< exciton)©] JA FH o}

[-5-2. AR —AF9] £a (charge separation) '’

drtd oz FrIA=AGLEA ol Y AA-AE 4L g wE AZE
ol A}t ste] 1 olux] zto]E Ho=m o] FA Hrh o]Ao] ¥FF
(photoluminascence, PL)o|t}, o]#3t AR} -3 22 AT AA 2z}
TFZAA F7IHdEd Z 79dE ¥ gtk olyst HelA  electron

donor(D) &} electron acceptor (A)A}Fo] oA

o]
o AAs AT AATE FEY S Qe 2 4

ol ol Hth A=A IR

A7k W FHel MA-AT AL WAL Wlexciton) o] el HA

FoldA anHom HMA=AFe TE7F dovA Hrt. o o, dAs =
T w$ mEr AEH o R 45femtox oo dojtE Ao R
Sl At Wk ol & & AAb= Coo WolX AR olgtow ¢lste] @ 5t
=9 vt A=A LEAR EHEoZb=d, AR ¢ omilix AR 4
o} webs] JEFA o2 PICT @42 A&} o5 o5d HA7}E HEotS
= Aule Az 2 Zoldl 7|lsi, A ow AHE HAA= Cood
LUMOEH 2 ol 53l Ha AFe aEA Ao @A " e D/A
LA det et AT e A= o = r
AR U] wE A=A AAFES FESE o] =M, A9 100%9

o]Zi PICT &3t 37 A B Ask 44 ¥l H3 ek

T

=
o,
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[-5-3. A3}9) =F (Collection of photo—charge carriers)

2% e}

=]
RN

3l electron donor ¢} electron acceptor®

o ¢

Ak

Eil

PICT

2

| =]
R

Y% A (intrinsic semiconductor)o] B2 = F71e] A= AloloA I

Tk

A )

3

3]

< AHAI7F 33 9 9 (depletion region)<

TR

—_—

0
N

—

;AO

i
110

A o]

Z+¢] HOMO<#

tha eld QEd e
915k LUMOS] o7t o] gt& 2

ol
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Absorption of photans Exciton diffusion Charge separation Charge transport
Max. L and Collection

.“ | lumo | | Lumo | L Mo | | Lumo ==
Acceptor
v [howo [ Vowo ] o O e
# electron
o hole
Figure 1-9. 34d W3g A
High Work function JIEERUTEEEY TERIETEY L ow Work function
Metal (cathode) Metal (anode)
&
o b

light

Ly —

Figure 1-10. % 7] 43} o|5@4e] o7 £9 =%
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Wl

Chapter I. AnthraquinoneZ 7|2 o2 3= I o|54Ad 1EA

o ¥4 2 A7 B3 54 B
on-1.4 8

A7k Al 78 AR oAy o] WS w3l 4Ql anthracened &
HHAFE 2 720 SoldI =estets, Asetd 54 wjde] B8 A
7 ol FojA 2 frIstEeltt. 53] H 5ol Ay Aol gk w4l o]
solUAA e i3k AT 7E Bol ol FolA L Y=, FERAA UEhe=
anthracene?] E54& ojz] mEAol] E=JAA MRS LA 4S8 7f2Es)
32} St AF7E Fks] HM@E a1 vk 53] o= anthracened] 2 9}
6 Ar2]el donor —acceptorZ|7F X8kl FELAIS] FEAES wHEo],
o] 4694911350400 nm BT} red—shift® e 237t HauE g

Anthracene®] =94 L ofg Holoa] AA7Ia Y= AA| AW o] &9

al
Wb B Ao A= 2,6—diiodo—anthraquinone®} 1,4—bis(dodecyloxy)—2
. b—divinylbenzenes =24 9% % 3+ PAQE Heck coupling T Ho = 3t
A3 a1, 2,6—diiodo—anthraquinone®] C—N7]E E=%2—-(10—dicyanometh—
ylene—2,6—diiodo—10H—anthracen—9—ylidene) —malononitrile 2}
1,4-Bis(dodecyloxy)—2,5—divinylbenzeneE =202 3= 1EXE A
Heck coupling FT@FHoe= FAsidtt. C-N719 =fjd wWE =«

—conjugation®] Zo]E =7} AA HE &

olsS Zte A EL donor = FAel
SdE e AEe] FeA, A7) kA 54 Sl s =9 sharat i
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o-2 4 3

OI-2-1. @A &4

2,6 —Diamino—anthraquinone< TCIAFY] A|ES AFE3I¥ I, NaNO.+=
Hayashir}, KI= SCIA}, pyridine2 JunseiAtE AF&3Fal, 1 9o HEg-9
2l AlEe §wWlE AldrichAle]  AFS Akl ARESESAH
Tetrahydrofuran(THF )+ sodium/benzophenones o83t =5F A|#AH A&
19931 methylene chloride (MC): calcium hydrideE o] 83}o] ZHA|
A3 3i Y. Dimethylformamide (DMF)&= ZAA7IAE Eo] Yo|F
bubbling 3ol AR&E}SITE 1,4=bis—dodecyloxy—2,5—divinyl—benzene<-
wale] dxatel whel skl

ol

o

II-2—-1-1. 2,6—Diiodo—anthraquinone®] A (1)

2,6—Diaminoanthraquinone(5.00 g, 21.0 mmol)S SuferZ oA~
il jce bath °lA 35% $At & A4S 20 ml A7ksE Th5, NaN0:(4.03 g,
3.0 mmol)F8NE A7}tk o 7] KI (potassium iodide)(34.9 g, 210
mmol) -8 N& A3 7hete] AoA 2447k wuksldth Wk FE F
10% NaOHFE M3 29 o]&35le] AEsle] 1A AAES 80.8% (7.13
29 gz A9g MS [M']: 460 mp: 252—253 °C. 'H—NMR (400
MHz, CDCls, ppm): &.64 (s 2H), 8.17-8.15(J=10, d 2H),
7.98—-7.96(J=8.5, d 2H), "C—NMR (100 MHz, CDCls;, ppm): 181.66 ,
143.45 , 136.42 , 133.97 , 132.16 , 128.82 , 102.8. Anal. Calcd for
CuHel:0s, C, 36.55; H, 1.31; I, 55.18; O, 6.96 Found: C, 53.49; H,
2.16; N, 3.52; S, 0.702

op
2
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I-2-1-2. 2—(10—Dicyanomethylene—2,6—diiodo—10H—anthracen—9—

—vylidene) —malononitrile®] 343 (2)

2,6—Diiodo—anthraquinone(2.00 g, 4.35 mmol)¥} malononitrile(1.02 g,
15.3 mmol)& S%ste] svteEelade ¥o] 1A AR JAFHHE
FAAA FRJa, 1 S AAE methylene chloride (MC)E A&7 HE
AEZ 78 B wdkAA Fu. A2 o e & TiCl(15.3ml),
pyridine (2.41 g, 30.5 mmol)< TA W= A7}sFal 48AIF &<k wykslel
. wkE $ 300 mle] =& 7hetal SR EFEAE ol MCE AT +
10%9] 22k Fgdoz 73 14 AES o33 T methanolS °]&
st AAAGE o aA AEYES 73.2% (1.83 @F DA MS
[M']: 556  mp: 244—245 °C, '"H-NMR (400 MHz, CDCls, ppm): 8.54
(s 2H), 8.11-8.08(J=11.5, d 2H), 7.92—-7.90(J=10, d 2H), "C—NMR
(100 MHz, CDCls, ppm)i 157.89 , 141.63 , 136.39 , 131.39 , 128.94 ,
128.45 , 112.65, 99.75", . 84.15. Anal. Calcd for CzoHslo:Ns, C, 43.20;
H, 1.09; I, 45.64; N,-10.07% Found: €, 44.45; H, 1.77; N, 11.37; S,

0.899.
I—-2—-1-3. 1,4—Bis(dodecyloxy)—2,5—divinylbenzened ¥4 (3)

0Col A AAE 50mL THFo] methyltriphenylphosphonium bromide 7.895
g (22.0mmol)E & A7 F n—Buli (21.0 mmol)S A3 A7}sk & 4
SollA 30®  wwkelth. AAl® THFE  50mL o 7pg F
2,5—bisdodecyloxy—benzene— 1,4—dicarbaldehyde 5.028 g (10.0 mmol)
g BoIFI AN FeF FF A ¥ § 100 mLE RS EHEC]
7bek & diethyl ether 200 ml® RFEES FF3F3 715 MgSO.E

7tete] FEs AAT H O &WE AATH dofxl sEES THFRS
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methanolol]l A Z73ke] 4.02 g (80.6%)9 F&= AAh" mp: 62-63
°C. MS [M*]: 498. '"H NMR (500 MHz, CDCI3, ppm): 7.07—7.02 (dd,
J1 ) 11.1 and J2 ) 6.7, 2H), 6.99 (s, 2H), 5.75—-5.71 (dd, J1 ) 16.3
and J2 ) 1.4, 2H), 5.27-5.24 (dd, J1 ) 9.8 and J2 ) 1.4, 2H),
3.98—-3.95 (t, J ) 6.5, 4H), 1.81-1.77 (m, 4H), 1.49-1.45 (m, 4H),
1.36— 1.27 (m, 32H), 0.90—0.87 (t, J ) 6.8, 6H) 6.73 (s, 2H). Anal.
Caled for C34H5802: C, 81.87; H, 11.72. Found: C, 81.85; H, 11.77.
Anal. Caled for C34H5802: C, 81.87; H, 11.72. Found: C, 81.85; H,
11.77.

OI—-2-2-1. PAQ (poly—2—[2—(2,5—Bis—dodecyloxy—4—vinyl—phenyl) —

—vinyl]—anthraquinone) ] ¥43.(4)

F3tell shgE(1) 0.230.°g(0.50 mmol), SFE(3) 0.249 g (0.50
mmol)°l tri—o—tolyphosphine 0.0304 g (0.100 mmol), tributylamine
0.3114 mL (1.3 mmol)®} 3 mol %2 Pd(OAc), & #H7}sled ¥4 DMF 5
mLol &8k 5, 110 ~ 130CelA 2443+ urRksio] Fgsivt. fdojxl
Z3ES methanoldl AFAT F, oA A Hed nFEL A
"H-NMR (400 MHz, CDCI3, ppm): 8.43(br, Ar—H, 2H), 7.92(br, Ar—H,
2H), 7.68(br, Ar—H, 2H), 7.09 (br, Ar—H, 2H), 4.02—4.10(br,
—0OCH2-), 2.01-0.84 (m, H)
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OI-2—-2-2. PAN4CN(poly—2—{2—-[2—-(2,5—Bis—dodecyloxy—4—vinyl—
—phenyl) —vinyl] —10—dicyanomethylene—10H—anthracen—9—ylidene } —ma
lononitrile)$] 34 (5)

s}9FE(2) 0.278 g (0.500 mmol) #} 3}§E(3) 0.249 g (0.500 mmol)S
PAQe =33 TUst Wy oz ATt 'H-NMR (400 MHz, CDCls,
ppm): 8.37(br, Ar—H 2H), 7.72(br, Ar—H, 2H), 7.20 (br, Ar—H, 2H),

4.04(s, —OCHz—), 1.85—0.84 (m, H)

NC__ _CN
i |
| |
‘O HCI, NaNO, O‘O MC, TiCly O‘O
—» —_—
H,N I Pyridine I |

o Q NC”_ CN
Q) %))
OC12Hz5
tri-o-toliphospine, BuzN
Pd(OAc)5,-DMF, 120°C
OC12H2s
OCq2H2s
tri-o-toliphospine, BuzN
Pd(OAc), , DMF, 120°C
OCy2H2s

Scheme I —1. ©@A|} &R} HA.
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I-2-3. =4

400 MHz 'H-NMR, “"C-NMR =¥ E2 (JNM ECP—400 JEOLAJapan))
= o]&ste 7 wRAle FxE sttt UV-Visible #3 F %7
(CARY100 CONC)E o]&ste] 7 A<
fluorescence spectrophotometer(HITACHI F—4500)2 o]&3ste] &3 &
o o] HbFEMS ZALSIA Y. WA 9] w+=% 2 Stanford Research Systems
Abe] Stanford Mode MPA-100S o]&3te] SA3Qh. #AF F42

WatersAFe] 51083 A9 (column) oven, 410 Rl HAE7]E o] &3t} o]

O

}\__‘
T = o= e}

ok

42 chloroforme AF&3l3o™ columne poly(styrene) standardE ©]

23}y calibrationsFt}. <£3 AAFHLS (Potentiostat 362 (EG & G))

AR AT 2 Pt wire, 7| A=+ 2 Ag/Ag’(saturated AgNO; in MC), K
q

ZHAFO R Pt coil 27 ARSIt I8]al R A A& A2 tetrabutylam—

0 -3 A3 49 u#

M2 282 PAQL PANACNS A3 A2l Heck coupling T¢HS ol &
st Tkt 83 AR AEY 7 HAY T Hi SAEFS PAQTE
Zy7F 41003 73000l PAN4ACNS Z+zF 77003 22000¢]™  toluene,

chloroform, chlorobenzene® <& HF7|&vjo] wj$ = L=}

o,
et

2,6 —Diiodo—anthraquinone®=+=2—(10—dicyanomethylene—2,6 —diiodo—10H
—anthracen—9—ylidene) —malononitrile?} dodecyloxy—divinyl benzene<
=402 3=  PAQ®F PAN4CNE 3 sh4| 54&  UV-Visible
spectrometer, fluorometerS 2y X k),

Figure MT—1& PAQ$ PAN4CNS UV-vis ~FEZHAS veldth.  PAQ
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59 &9 A= 334 nmoll A YERYH, PANACN &9 &4 SUA
Al 334 nmellA YEFSTE PAQ &9 FF SdiAl= 338 nmellA E
Wil PAN4ACN &9 &4 F = 336 nmoll A LERSTE PANACNS] 74
9 PAQ9F & SoiA7F g Hl=d Aot do] Hom —CN7|e] =Yg
2 Q% n—n" o7} AuFo R o]Fe #F HA &t} o] Az —CN

719] o2 Q& m—conjugation®] ZAolE Z77F dojupA] &L Ao w

Figure 1I—2% PAQ®} PAN4CN ZE 2 golo] by ~AslEZHo|t],
PAQ ZE& 420nmolA, &AL 416nmelA HF FHAE e
PAN4CN9] 749 d5L 395nmolA], &4 550nmollA] 33 A& o
2a8ibA=3
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—— PAQfilm
.................... PAN4CN-film |

-
\\\\\\

Absorbance (a.u.)

4000 ———rr——r————— T ——r—
[ ——PAQfim  |]
————— PANACN-film| -

PL Intensity (a.u.)

2000 b~
0- S S S S S e, ---\"“‘,---—--:
400 500 600
Wavelength (nm)
Figure T—-1. PAQ ¢} PAN4CN®] HE4® S UV-Visible & PL &
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Absorbance (a.u.)

. , .
— PAQ-sol
PAN4CN-sol|1

700 800
>t A — PAQsol
32000 I N PAN4CN-sol| ]
> I ]
2 1000 [ ]
G,) r e \\ 1
< /4 ¢ - R ]
o oL P P 1 e e N

400 500 600
Wavelength (nm)

Figure II—-2. PAQ ¢} PAN4CNe &dAE 9] UV-Visible ¥ PL ZHEF,
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Cyclic voltammetry(CV)E& o]&3slo] HOMOA YA +=9¢ LUMO A A
e Attt &3 dAdF{ 4SS Figure I -39 WEFHSIT
Aol gdol et onset AY (Eonse) 22 F-FH LUMOESNE 7513
T °of F w8 #ForFH S W= (E)s
PAN4CN®]  HOMO=91(-5.56eV)E  PAQ9]

LUMOESE T3k,
HOMO =9 (-5.80eV)H} H&] o} ITO A=9 —4.8eVel] 7}
PAN4CN¢ LUMO +9¢

Zheh, 1E]lal PAQel LUMOTES (—3.64eV)E
(=3.52eV)ell Hlaf wo} F&Hd=Q1 Al (—4.2 eV)¥
skl 7. A2 a1 EA2] PAQ, PAN4CNe| 3334
Table I -1 YERH AT

HN

7 2

‘—l

m@

=
=

5}

A~ HE &

al,
2 EY o]-&

(el e o
A gkl

2~
-T-
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Current (mA)

0.00

T

-0.05

-0.10

onset :

-1.16V ——PAQ ]

-2.25

200 175 -150 -1.25

-1.00

T

0.00

T

-0.05

T

-0.10

e L

LU LI R B B NN B B B R A B B B B N B B

LU I

E(V) vs. Fo/Fc’

-1.00

FigureIl —3. PAQ ¢} PANACNY £3F AgdAF TA.
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Table I—1. PAQ ¢ PAN4CNY A7) Z3A EA,

HOMO LUMO Egap UVmax PLmax Ered, onset
(eV)*  (eV)®  (eV)*  (nm) (nm) (V)¢

PAQ Film —5.80 —3.64 2.16 340 420 —1.16
PAN4CN Film —5.56 —3.52 2.04 340 403 —1.28
PAQ Sol - - 2.28 337 415 -
PAN4CN Sol - - 1.93 336 550 -

? Estimated from the LUMO energy level and band gap energy
> Figured out from the reduction onset potential

¢ Estimated from the absorption edge of UV—Vis spectrum

¢ Potential vs. Ag/Ag”

_35_



o0 -42 &

2 Ao A = anthracene FEAES o83t AMEZE FHIFAA PAQ
9}  PAN4CN<S Heck coupling Wwol & 843k —CN o] =4
PANACNS 33et# Adde PAQSH vl frARSkITh. 1213 PAN4CNS
HOMO®} LUMOES+= PAQETE k. 18]l PAQ % PAN4CNS A @&t
AqA =& 7HA7I H71EF voles B f7] BEHA Sl 48]

Vs Aoz AmEh
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Chapter II. F7|efgRAA|o] A& 753 3,4—dialkoxythiophene,
2,1,3—benzothiadiazole, and 9,9,—dialkylfluoreneE 7|2 o2 3d}=

A WE RS T 1E2AE 34 R A7) Fed 54 37

Im-1.4 £

rO

718 Bk d A= 1986 Eastman Kodak® C. W. Tango] ©&EA}

(@)
o

=3
(@]

)
o)

(@]

=

=
(@]

=t

(@]

Jo
oy
—_>‘£’4
i
9,
ofo
rot
9,
o\
i)
)
4
BN
il
fuj
o
)
N
it
>,
2
o
il

=
A Agago] wdxsm Yo ojdE FARANIA B Fe A
5 A7y A 2 HEAA

o] At =g 7] &l
B Ao E 53 electron donating EA4LS YEH = thiophene %
A 21 3,4—ethylenedioxythiophene (EDOT)E  @A3slar  electron

withdrawing E4 o] €438 2,1,3—benzothiadiazole (BT)¢ < wut 9

rot
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= ko 2| 3HA] A donor—acceptor—donor e 9 3}t &3
donor—acceptord g]e] 3FES A Ste]  fluorene FEAQ} Suzuki
coupling T&HE o] &3] A W= 348 7}X| = electron donor A =& I
2l poly[4—[7—(9,9—Dihexyl—9H—fluoren—2—yl) —2,3—dihydro—thieno
[3,4—b][1,4]dioxin—5—yl]—=7—(2,3—dihydro—thieno[3,4—b][1,4]dioxin—5
—vyl)—benzo[2,1,3]thiadiazole | (PDHFTBT) <} poly[4—(9,9—Dihexyl—9H—

—fluoren—2—yl)—7—(2,3—dihydro—thieno[3,4—b][1,4]dioxin—5—yl) —benz
o[2,1,3]thiadiazole] (PDHFBT) & @A43t3ltt. 18] 4% electron
donoral+A EHAES A2l electron acceptor &<l PCBM¥} &dY
gk BHIT %9 25 Alztstel 748 #F3k4, 7] shehy, gdws 5

el thal 7] s ek,

om-2 4 3

M-2-1. @A &4

Thiodiglycolic acid, diehtyloxalate, 1,2—dibromethane, Sodium,

tritinbutyl chloride % tetrakis(triphenylphosphine)palladium(0)< Alfa
aesarAbe] AFS AFEEISI AL, 1 2o "R 2291 A& e} &vl= Aldrich
L9 AEsS TUsH A3+l tt. Tetrahydrofuran  (THF) &
sodium/benzophenoneS- ©|&3fe] 3+ o™, dimethylformamide (DMF)<¢}
toluene ¥ tetraethylammonium hydroxide solution (20 wt.% in water)+=
Z A7}~ bubbling 3te] AFE3FS T} 4,7—dibromo—benzol[2,1,3]thiadia—

zole, 2,7—bis(4,4,5,5—tetramethyl—[1,3,2 ]dioxaborolane)—9,9—dihexyl—

9H—fluoren—2—yl, 2—tributylstannyl—3,4 —ethylenedioxythiophene< 3%l
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o Aol wel stk

IM-2-1-1. Ethoxycarbonylmethylsulfanyl—acetic acid ethyl ester® ¥4
(1).

i
k>
e
S
N
lo
o
I
ju]

tZ8} 2~ 39l carboxymethylsulfanyl acetic acid(20.0
3 812 ethanol (600.0 mmol ©]A)& 7}3fe] wwt
A7l & dES-Eo] Eo]9lE= 87|l sulfuric acid (H2SO4 0.6 g 6.6 mmol)
7 kst Qlvh. SRt & 3EFe] ethanols A7 g
& STHF9 0.IN9 NaOHZ Al 3laL diethyl ether® FE3}T}
Magnesium sulfate anhydrous (54 MgS0yp)= H7ksle] FE22 AAAZ
% silica/hexaneZl columnol Al AA|&le], T AAslelE(1)S 27.80¢g
(80%) QArt MS [M'} 206 'H-NMR (400 MHz, '\ CDCls, ppm):
4.23-4.17 (J=3, q 4H), 3.39(s 4H), 1.31-1.28(J=1.5, t 6H), ""C-NMR
(100 MHz, CDCls, ppm): 169.87 , 61.56 , 136.39 , 33.69 , 14.20 Anal.
Calcd for CgHi1404S C, 46.583-H, 6.84; O, 31.03; S, 15.55 Found: C,
44.23; H, 7.89; O,. 31.03; S, 17.05

M—-2—-1-2. 3,4—Dihydroxy—thiophene—2,5—dicarboxylic acid diethyl
estere] #4(2).

AT 79 TEvtdZel A3 sodium (6.8 g 291.0 mmol) S ¥& &,
4= ethanol (86.0 ml 1.46 mol)S 0CAA & 7}8tal sodiume] T =<
) 7} A WHEAF T Sodium®] ethanolel] ©fF =8 Fethoxycarbonylmethyl—
sulfanylacetic acid ethyl ester (20.0 g 97.0 mmol)3¥} diethyl oxalate
(21.2 g 145.4 mmol)d] =FgHE A2oA sodium®] =oFU+ ethanolol

A7retdnt. &gl A7F §, whEES 1ARE AR TFAAIZ A 1IAIRE $ A

A

Soln MBS WAL R os) WEE s deld 1A

i
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A2 AR A 24412 Axete] =@ uAE AU AT FA
gol T sodium$d =l =<0 F 4AHE HUMAZAE 1 % AEEHE §
& A uA3eHE(2)S 16.40g (65%) AAtk. MS [M']: 260 mp: 134
°C. '"H-NMR (400 MHz, CDCls, ppm): 9.36 (s 2H), 4.42—4.37(J=2.5,
q 4H), 1.41-1.37(J=2, t 4H), "C—NMR (100 MHz, CDCl;, ppm):
165.80 , 151.88 , 136.42 , 107.32 , 61.91 , 14.25 Anal. Caled for
C10H1206S, C, 46.15; H, 4.65; O, 36.88; S, 12.32 Found: C, 47.19; H,
4.25; N, 0.29; S, 12.27

II-2—1-3. 3, 4—Ethylenedioxythiophene(EDOT)2] 4 (3)

ru&
Hn:
2
)
o

Tt Eeaad F49 N N=dimethylformamid(DMF)
S Y& t}2  dihydroxy—thiophene—2,5—dicarboxylic \ acid diethyl
ester(16.0 g 61.4 mmol) F<+ KsCO3(34.0 g 246.0 mmol)E il A=
ol A nwatgict. wwk 30% ¥, 1,2—dibromoethane (14.0 g 74.6 mmol)<
Y 150C2 24412 &7 WA TR wgt - wvkgzo] 10% NaOH

A AAE 2 Ty 1 WAE Eoll 59 S Ttet
of Mo HAZS AT ARE AHdES FHT F, diethyl ether® &
A7, == AFHst =o AAT vt 5 MgSOE H7bste +&&
AAAN L SFHFEFEAE o]&sto] A TAE AUt 2> 1AE copper

1

89.0 mmol)¢} /A SvlerZelAaTo] Y1 180C 2 244

methanol-& NS A 7}s}

J

b3 WHbAIZL 3 oA Wzt A7, dEHE S8 CuEs AlASAL o
& EAS silicathexaned columnoll A AAste], FAe] N 3telE(3)S
5.94g (68%) LAtk MS [M']: 142 '"H-NMR (400 MHz, CDCls, ppm):
6.31(s 2H), 4.18(s 4H) "C—NMR (100 MHz, CDCls, ppm): 141.88 ,
99.73 , 64.76 Anal. Calcd for CeHsO2S, C, 50.69; H, 4.25; O, 22.51; S,
22.55 Found: C, 51.46; H, 4.02; N, 0.41; S, 20.92
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IM—-2-1—4. 2—Tributylstannyl—3,4—ethylenedioxythiophene®] &4 (4)"%%

—78C9 AALE79 TveEZg AT AAH tetrahydrofuran (THF)
50mL ¥< t}& ethylenedioxythiophene (EDOT 5.0 g 35.2mmol)E &3l
A7l n—butyl lithium (17 ml 2.5M)& 3] A7k b3 AdeolA] 2
ot wwkslgith. wHt % chloro (tri—n—butyl)stannane(12.6 ml
Aol A 24A1%F S wbsEQITE 244
kol Ak & & 200ml ¥Hg E3FEel 7Fstal diethyl ether 200 ml= W
A 7152 MgS0.& H7bste] &8 AN H SHe5%
L& A A FH 3 10% triehtylamine] 412l silica/hexane 7|
columnell Al A Alste], H-A) o] el A8t ot=(4)& 7.60g(50%) AT},
MS [M]: 431 /'H=NMR (400 MHz, CDCls, ppm): 6.57(s 1H),
4.15—-1.14(J=0.5, d 4H), 1.58-1.53(J=2.5, t 6H), 1.36—1.28(J=4, m
6H), 1.12—1.06(J=3, m 6H), 0.91-0.87(J=2, t 9H) "C—-NMR (100
MHz, CDCls, ppm): 148.39 , 147.78 , 142.55 , 105.90 , 64.77 , 64.69 ,
29.37 , 29.11 MN20%05%, 27 L. .27 , 1¥3.80=,/13.77 , 13.76 ,
10.60 , 10.58 , 8:84 -~ Anal. Calcd for CigH3:02SSn, C, 50.14; H, 7.48;
O, 7.42; S, 7.44; Sn, 27.53 Found: C, 53.86; H, 8.05; N, 0.68; S, 5.03

M—-2—1-5. 4,7—Dibromo—benzo[2,1,3]thiadiazoled] &4 (5)!*"

Benzo[2,1,3]thiadiazole (3.0 g, 22 mmol)S 47 wt% hydrobromic acid
(HBr 5 ml)ol &3] &3fAA 110 ~ 120C oA mu-et}h Bromine (Brs
3.38ml, 66 mmol)< dropping funnels ©|-&3sto] 3] A7} 33t ¥b-&-
TdES 12 ARE EF S5 wwkA7]aL, vk § w] wEE-E bromines Al
Ast7I9lE g = 20 wt.%e] potassium hydroxide(KOH) &4

o2 FIAA HHd= 29 skt WA HHdES benzeneOE A A A 5t
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WA peedle 2% 1AFFTE(5)S 5.18 g (80%) LAk MS [M'I:
293.90, mp: 190.3 °C. 'H-NMR (400 MHz, CDCls), (ppm): 7.71 (s,
2). C-NMR (100 MHz, CDCl3), (ppm): 113.8, 132.3, 152.9 Anal.
Caled for CeHzBreN.S, C, 24.51; H, 0.69; Br, 54.36; N, 9.53; S, 10.91
Found: C, 24.25; H, 0.68; N, 9.65; S, 10.01

M—-2-1-6. 4—Bromo—7—(7—bromo—2,3—dihydro—thieno[3,4—b][1,4]—
—dioxin—5—yl)—benzo[2,1,3]thiadiazole 2] &4 (6)

3etE(4) (2.0 g 4.6 mmobd} 33E(5) (1.23 g, 4.1 mmol)e
bis(triphenylphosphine)palladium(II) dichloride (0:20 g, 0.21 mmol)&
toluene 30 mlo] & Mol &AL 100 ~ 110 CollA] 87 &<t 7
HEA| A S H-S Z3HE-S djethyl ether® 53 tS Z=F2 AHE9
. ¥4 MgS0.& H7bste] s #AAAIZ
A AA Sl hexane o= TA] A48 orange?] needle %9 1A 33t
ES 9& e <4 N N'—dimethylformamide (DMF) 50 mlol] &3ajA]7]
% N-—bromosuccinimide «(NBS, 0.18 g, 10.0 mmol)< 2t} AFoA
AlZE ERF wkAl7| L Rk EREE Ol S EE A Ulelel A3 =S ZE
T DMF= AaAste] A& F249 uAggE6)s 1.0 g (50%) A
Atk MS [M']: 434 mp: 229 °C. 'H-NMR (400 MHz, CDCls, ppm):
8.22-8.20(J=1, d 1H), 7.84-7.82(J=1, d 1H), 4.43—-4.41(J=1, d 2H),
4.40—-4.37(J=1.5, d 2H) Anal. Calcd for Ci2HgBr:N»0.S,, C, 33.20; H,
1.39; Br, 36.81; N, 6.45; O, 7.37; S, 14.77 Found: C, 50.78; H, 5.13;

% silica/hexane”] column®ll

S
w

—l

N, 4.59; S, 9.80

M—-2-1-7. 4,7—Bis—(7—bromo—2,3—dihydro—thieno[3,4—b][1,4]dioxin
—5—yl)—benzo[2,1,3]thiadiazoled] 43(7)
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shetE(4) (3.0 g 7.0 mmol) ¢ 3F=(5) (0.82 g, 2.7 mmol),
N—bromosuccinimide (NBS, 0.27 g, 20.0 mmol)< ©]&3te] (6) #&
WS ol&dte] A2 B nASF=E(7)S 1.2 g (30%) AT MS
[M']: 574 mp: 251 °C. 'H—NMR (400 MHz, CDCls;, ppm): 8.36(s 1H),
4.41-4.39(J=1, d 4H) Anal. Caled for CisHioBraN»04S; C, 37.65; H,
1.76; Br, 27.83; N, 4.88; O, 11.14; S, 16.75 Found: C, 31.53; H, 1.63;
N, 4.64; S, 12.48

M-2-1-8. 2,7—bis(4,4,5,5—tetramethyl—[1,3,2]dioxaborolane)—9,9—dih
exyl—9H—fluoren—2—y1(8) ¢} g3 1"

2,7—Dibromo—9,9—dihexyl—9H—fluorene (2.46 g, 5 mmol)= A%
THF (50 mDel &3 A2 5 30 wEE A[ZrE -70C = ¥4 5,
n—Buli (4.4 ml, 11.0 mmol, 2.50 M in hexane)2 A A3] A7} 3 & 1
Al 7HEot Ao A gt AlZ] 31 2—isopropoxy—4,4,5,5—tetramethyl—1,3,2
—dioxaborolane (4.81 ml, 12:0 mmol)<S YAt} 24 12 A7+ uyk
<, diethyl ether®= F&% s TFT2 AU, 5 MgS0.& 7t
st S AAAIZ] $ silicathexane | columnol 4] A A3} 3L hexane &

Aste], WA uAGFER)S 1.99 g (66%) DAk MS ML
586.45, mp 118 °C. 1H-NMR (400 MHz, CDCls), (ppm): 7.80 (d,
J=7.0 Hz, 2H), 7.74 (s, 2H), 7.71 (d, J=7.5 Hz, 2H) 2.05 (t, J=16.1,
4H), 1.39 (s, 24H), 1.05 (m, 6H) 0.74 (t, J=7.16 Hz, 6H), '"C-NMR
(100MHz, CDCls), (ppm): 150.7, 144.5, 133.8, 129.2, 126.6, 119.8,
66.1, 40.5, 31.8, 29.8, 23.9, 22.7, 14.2, Anal. Calcd for Cs7H56B204 C,
75.78; H, 9.62; B, 3.69; O, 10.91 Found C, 76.33; H,9.56.
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M—-2—-2-1. poly[4—[7—(9,9—Dihexyl—9H—fluoren—2—yl) —2,3—dihydro—
thieno[3,4—b][1,4]dioxin—5—yl]—7—(2,3—dihydro—thieno[3,4—b][1,4]dio
xin—5—yl) —benzo[2,1,3]thiadiazole] (PDHFTBT)2] %3t .

E(6) (0.29 g 05 mmoDe 3SHFE(8) (0.32g, 0.55mmol) 7}
tetrakis(triphenylphosphine) —palladium(0) (5.54 mg, 5.0 pmol)<
toluene(10 ml)ol &3] AlA 1087t 3HF nWHA] 7]l tetraethylammonium
hydroxide solution (1.5 ml, 20 wt.% in water)S Yo]F1 thA] A7 &
o 3tF WS tE Bromobenzene(0.078 g, 0.05 mmol)S Y] 14
F &9t $F WWFA]ASFIL phenylboronic acid (0.06 g, 0.5 mmol)S 4
Fo 1A1%F &9t S
o 3}5}4 chloroformell
H7vske] ik gt} Chloroforme =%k Hhe 5§ MgSO.E FH7bste] 4
= AAAZ F Al methanolol] AFAT 5 o Hate] L wepAlol 1
LA AU

"H-NMR (400 MHz, CDCI3; ppm): 8.49(br, ‘Ar—H, 2H), 7.93—-7.375(br,

HEAl A dojx F85S methanolo] A A3 5

oo

s Al A palladiumA A S 93] ammonia solutions

Ar—H, 6H), 4.53(br, —OCH,— 4H), 2.11(br, alkyl 4H), 1.25—-0.73 (m,
alkyl H)

MM—-2—-2-2. poly[4—(9,9—Dihexyl—9H—fluoren—2—yl)—7—(2,3—dihydro—
thieno[3,4—b][1,4]dioxin—5—yl)—benzo[2,1,3]thiadiazole] (PDHFBT) 2]

=%

3gt=(6) (0.21 g, 0.5 mmol)9t 3F5H&E(8) (0.32g, 0.55mmol) 3}

tetrakis(triphenylphosphine) —palladium(0)  (5.54 mg, 5.0 umol)<
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PDHFTBT#} 22 @wow Fystol A& Hepre] aias Ao,
'H-NMR (400 MHz, CDCI3, ppm): 8.55(br, Ar—H, 2H), 8.03—7.45(br,
Ar—H, 6H), 4.51-4.49(br, —OCH.— 8H), 2.07(br, alkyl 4H), 1.56-0.75
(m, alkyl H)
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HO OH
5 & pp— o o OEt  NaOEt /\
o —  w EO OEt
HOJJ\’S\)LOH  — EtOJ\’S\)LOEt * Ygo H* /HoO s
Q) OEt O @ (@]
HO_  OH J o AN
o TN\ Okt 1. Dibromo ethane, DMF / K,CO3 . z—\g 1.2eq n-buli Z/_\S\
S o
g ; b 2.NaOH / MeOH 3.Copper180 °C S 1.3eq SnBu3ClI s” ~SnBug
2 (3) @
Br Br 0 0
Bry — 1. PdCly(pphs), / Toluene
I\ HBr N N + 1leq(4) - - > 7\ B
NNS.N g* 2. TEA hydroxide solution 20wt% Br s r
3.NBS /DMF —
(%) NN
.
(6)
Br Br (@) ¢] o) O
1. PdCI h3), / Toluene
N{ ‘\N v 26eq(4) 2(PPh3)2 - N T\
S 2. TEA hydroxide solution 20wt% Br S S Br
) 3.NBS/DMF
CgH CegH
6H13 6H13 PA(PPha)s
O’B 0.0 B‘O Toluene
CeHi3 CeH13
Pd(PPhz)4
N o e g g
o) Q O (O] Toluene

PDHFTBT

Scheme M—1. SFA|e} &=} A,
(PDHFBT ¢ PDHFTBT).
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400 MHz 'H-NMR, "“C-NMR Z==EZH(NM ECP-400 JEOLA}
(Japan)), Liquid Chromatography type Mass Spectrometry (Applied Bio
Systems)®} Macro and Micro Elemental Analyzer (Vario macro/micro,
Elementar)= ©]-&3dto] 7 @A o F+x5 sttt UV-Visible &%
FEAJasco)E  ol&st] 2 FIAY FF 5AHE SAs,
fluorescence spectrophotometer(HITACHI F—4500)& o]&3slo] HE3} &
Aol WFEAFS AT @A e =72 Stanford Research Systems
Akel Stanford Mode MPA=1005 o] &stol 43ttt A% =42
WatersAke] 5108, A= (column) oven, 410 Rl A&7]E °]&33it}. o
42 chloroforme AF83l3 2™ columne poly(styrene) standardE ©]
&3to] calibrationabith. =€k 7R 2 (Potentiostat 362 (EG & G))
A AFo=Z Pt wire, 7[EHAF22 Ag/Ag' (saturated AgNOs in MC), X

Loz | Pt coilS zy7y AR5 T} A A A &l &

£

EN

tetrabutylammonium hexafluorophosphate=- A8 3} T}

AW 54s SAHs fstel | FY2> 150 W Xe lamp (Model
LS—150—Xe, Abet technology)S AlE3slF o, AM 1.5 G Filter (Oriel
Model 81088)% o]&3le] AM 1.5 G & wE9 FAt}h Standard
Silicon cell (Certified by National Institute of Advanced Industrial
Science and Technology with protective KG 5 filter Model BS—520)<=
o] &3} 1 sun (100 mW/cm2)Z1S 2o FAY -V 542 Source
Measure Unit (KEITHLEY Model 2400)& o]&3te] Z43klrt. 7 i
2k} PCBM=S E#9 3t 429 morpology®t rms(root mean square)i=

MultiMode TM SPM(Digital Instruments(U.S.A))& o] &3t 3718+ t},
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M—-2-4. F71e0FAA] 2249 A

71 AR o] Aol AFS 1TO7F Z¥EH glass substrateE 2T
—methanol—isopropyl alcohol <22 X233 AF3 3 PEDOT:PSS
(Celvios Baytron P4038)Z 4000 rpm (1¥)o = A% 3:¥3lal 150Col A
5% Tk EAEsgith. PEDOT:PSSE F®37] e A ITOE 1 &
%<t UV/Ozone A 8]3}t). Active layer: electron donor (polymer)2}
electron acceptor (PCBM)<= 1:19] T% H|Z Ed Y35}l dichlorobenzene
o 40 mg/mlZ &3AIA 600 rpm (1 &) oA =¥ IHskL 2 AFF <t
A, Aa FR7)skl A AT L tE Al A5S-S5 2E SFske]

NEFAA £AE ARAC,

o|N

A W= /S 71A= electron donor! ZLEAE<F PDHFTBTS PDHFBTE

Suzuki coupling F&H & 0|85t sttt 33 18RS 5

FJIJ

¥ T Wit EARFS PDHFTBTY 4% 3800% 6000 PDHFBT=
40007 6800°] AT},

S3E @A Fstd BEAS FAFs7] $18] UV-Viset PL ~#HEF]
575kl Figure MI—1°] Yetlidv. 2 A=

Atele] F4& Hl3 PDHFTBT BEF9 & S+ 589 nmollA et
U, PDHFBT Z &9 &4 FAE 542 nmollA YElsth PDHFTBT &
Hol F SA= 580 nmellAl yWEbwtal PDHFBT €49 S StiA=
529 nmolA et PDHFTBT® 7-¢ PDHFBTEUY &5 949 W7t %

o7 o] F5sl= AR red—shift @S H AT} o]+= electron accepting

B

o

2 200 nm ~ 700 nm
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T

S o] £2L benzol2,1,3]thiadiazole®] Zetol electron donating T#o] <

=

+ 3,4—ethylenedioxythiophene(EDOT)9] X&¥H 9o Z71= 23

red—shift dio] dojt Aoz Alw Hr,

7t 3BAEL Hy 23S PDHFTBTY A$ &A= 699 nm, ZEA
o M=

Bl A= 726 nm ©]$13 PDHFBT+: §HolA= 626 nm, ZEAH)
659 nm °olUtt. LEAES] odUA =95 FAH] Hd o3 AL AFH
S ol g3, S5A-H 7 1EAEL cyclic voltammogram (Figure II—2)

S HH 399 onset A9t 3T AYE ferroceneol st PDHFTBT =
—1.38 V, PDHFBTY —1.35 V& e}
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PL Intensity

—— PDHFTBT Sol —— PDHFBT Sol
---- PDHFBT Film

Absorbance (a.u.)
Absorbance (a.u.)

40 500 600 700 800
Wavelength (nm)

—— PDHFBT sol
- - -- PDHFBT film

PL Intensity

1 / 1 1 1 1
700 800 550 600 650 700 750 800 850
Wavelength (nm) Wavelength(nm)

Figure M—1. & A4 ei[d]et BFA=HAD]A

AEAES} UV-Vis 9 PL 2HEH

MW}
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:_ —— PDHFTBT 1

- /onset . 1.38 eV ]

- — PDHFBT

: /onset : 135 eV ]

200 175 150 -125 -1.00 -0.75 -0.50 -0.25
E(V) vs. Fc/Fc'

Current (mA)

Figure II-2. PDHFTBT ¢} PDHFBTS®]

’
R
o
R
e
1K
£
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Energy(eV)

-3.0

3.9 A

4.0 -

-4.5 -

-5.0 +

5.5 -

6.0 -

6.5 -

-7.0 -

ITO
PEDOT

-5.0

-342 -345
-42 4.2
PDHFTBT Al
PDHFBT
522 ____ PcBM
- 5.47
- 6.2

Figure II—-3. PDHFTBT & PDHFBTY U= EXE.
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Table M—-1. XEAE2] A7] Fs3H EA

HOMO LUMO Egap UVmax PLmax Ered, onset
(eV)*  (eV)®  (eV)*  (nm) (nm) (V)¢
PDHFTBT Film —5.22 —3.42 —1.80 589 726 —1.38
PDHFBT Film —5.47 —3.45 —2.02 542 659 —1.35
PDHFTBT Sol — — — 580 699 —
PDHFBT Sol - - - 529 626 -

? Estimated from the LUMO energy level and band gap energy
> Figured out from the reduction onset potential

¢ Estimated from the absorption edge of UV—Vis spectrum

¢ Potential vs. Ag/Ag’
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39l onsetdStel ol ALk 7 nEAES] LUMO olyA &9+
PDHFTBTE —3.42 eV, PDHFBTE —3.45 eVoln LUMO olyx] =2}
optical band gapl® HH AX & 4 J= HOMO YA F=9+=
PDHFTBTE —5.22 eV, PDHFBTE —5.47 eVE #ZHAL, 7 1F
o] #a# A7|stetd EAS Table M-1o YeRHAL. 22 nEAE
LUMO lud# +#9¢ PCBMS LUMO °lUA #9(— 4.2 eV)< o]
Figure -3¢ YEJ energy diagramol A e} #o] 0.75 ~ 0.78 eV AEE
dlof] o]ale] ®2]® electrono] PCBM2l LUMO olux] == d&3] AL
wg)et o= a, PEDOT:PSS9] HOMO oly#] #=9(-5.0 eV)} Z ¥
AHE2] HOMO olUA] =9 9-Apol= 0.22 ~.0.47 eVZE A "o <]&}o]
w2l ¥ holeo] ITOX= o= A&s] ALy} =AY A L&
AE olg3ste] ITOZF Z¥HE  frejsdtel BHIFS &2AE5S 242 A%
[ITO/PEDOT:PSS/polymer(1):PCBM(1)/Alls}o] F4ms EAS =439
o AM 1.5 G =AM & &= FdA¥S 5442 Figure -4 4%}
Zro] Jscx= PDHFTBTY 4<% 1.85 mA/cm®, PDHFBTY 79 1.66

N
lo

i

mA/cm®0] il Voeo] A9 PDHETBT: 0.40 V, PDHFBTS A% 0.71 Vo
31l FF+= PDHFTBTS] %30 %, PDHFBTS A5 29 %olal AAE52 &
42 PDHFTBT®S 4% 0:22 %, PDHEBT® 7349 0.34 %= el g
ARFAES A, A7|setd 5o wFo] Kol {7 E A

A $-5=3 electron donor =AY A olg Akw AT A vk BHIE 27}

He HA8 B AT e 582 Jehhid. 59

mobility7} 4 2SS <& 4 A3, WEA mobilityel @3S W= photo
current®] #tol AA YElskth 18]3l PDHFBTS 745, & <& % BHIY 9
A9l P3HT (poly[3—hexylthiophene])/PCBM<} Bl 18l =2 Voc(P3HT
/PCBM®]Voc = 0.63 V) ¢ AL band gap(P3HT band gap = 1.90
eV A ke FAwd 8 Vo 7oA By e ge Ak
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=
T3 nEARES EapEESo] IX| o}l electron acceptor?l PCBM}
active layers 2 @A skA Xoto] FHado] v oz Hdidn. oy
a1 PDHFBT®] #&o] PDHFTBT® && WUt =4 W2 ©lf active
layer®] morphology =tele} <’d ¥t} PDHFTBT® 79 PDHFBTHEU}
dipole—dipole interaction®] <¢]3] morphology?] &Ao] FEX] o} FH 9]
S U2 ez od¥ct. PDHFTBT® PDHFBTS morphology54<
Figure M-5¢] (a)¢} (b)ol YA, Z7+e] a#xte PCBMS £#Y
g 22159 rms9 #2 3.20nm ¢ 0.76nm= gtth. PDHFTBTS 745
PDHFBTX.t} H2A}&7F dipole—dipole interaction®]23] ¥ ¢ morphology

574 3 rms Fo) AA e = Zlow Al EH

_55_



Current density [mA/cm?]

Current density [ mA/cm?]

—

(=)

1
=N

Jsc =1.85mAlen?
Voc =040V
FF =030%
2r PCE=0.22%
3 ~—a— PDHFTBT:PCBM=1:1
0.0 05
Voltage [V]
1
0 y
-1
I Jsc =1.66 mNcm2
- Voc =0.71V
-2 FF =0.29 °/o
PCE=0.34%
3 —» PDHFBT:PCBM =1:1
0.0 0.5
Voltage [V]

Figure M—4., 12 BLAA 1-V FA4

(AM 1.5 G 100 mW/cm?)
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5.00

2.50 100.0 nm

50.0 nm

0 2.50 5.00 0.0 nM
M

Figure IM—5. (a)PDHFTBT$ PCBMS& E3d 3t A& 3

22+ morphology 37}
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5.00

2.50 100.0 nm

50.0 nm

0 2.50 5.00 0.0 nm
M

Figure II—5. (b)PDHFBT$ PCBMS Ed93ly Y%

22+ morphology 37}
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Im-4.2 £

2,1,3—Benzothiadiazole, EDOT 1¥8]a dihexylfluorene®® JFA4%EH 1
—conjugated LEA}S1 poly[4—[7—(9,9—dihexyl—9H—fluoren—2—y1)—2,3
—dihydro—thieno[3,4—b][1,4]dioxin—5-—yl]—7—(2,3—dihydro—thieno[ 3,4
—b][1,4]dioxin—5—yl)—benzo[2,1,3]thiadiazole] (PDHFTBT) <} poly[4—
(9,9—dihexyl—9H—fluoren—2—yl)—7—(2,3—dihydro—thieno[3,4—b][1,4]di
oxin—5—yl) —benzo[2,1,3]thiadiazole] (PDHFBT)9% g X34 o|Att.
7} aFAES] HOMO oA £9¢ LUMO oluv#] F9+= PDHFTBT]
A —5.22 eV} —3.42 eVolal PDHFBTSl 4% —5.47 eV} —3.45 eV
2 Z7te] oyA] #9= PCBMS LUMO el|luA] 919 PEDOT:PSS]
HOMO olydx] &=f1¢ 2 zkol7t glo]l fF7IEddAld, 8o 7led
electron donor EZolgt AlmET TS IEASES  o]83t  bulk
hetero—junction®] F7|EjFARE A|25kaL AM 1.52745F A F7] el 2
Ao] FANMAELS SAHSSAT. Jsc, Voe & FFO #k2 PDHFTBT 7
1.85 mA/cm, 0.40 V, 30%= =A% Y3, PDHFBT+= 1.66 mA/cm, 0.71
V, 29%% SAHAJG. &xE5e &8> PDHFTBT= 0.22%, PDHFBT+

0.34% = 247t 4
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