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Synthesis and photovoltaic properties of low band gap

n—conjugated polymers for organic photovoltaics

Hye Ri You

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

Mixtures of conjugated polymers and fullerene derivative “(PCBM) have been
commanded considerable attention for application- in organic solar ‘cells. In order to
improve their efficiency, the design of new materials that absorb longer wavelengths
(or low band gap) at visible light is of substantial interest. CN groups lower the
LUMO energy level of the polymer by increasing the electron affinity and extend the
emission wavelength to red and near—infrared range. We synthesied and characterize
of new copolymers “base’ on- 2—pyran—4—ylidenemalononitrile’ and derivatives of
dialkoxy—divinylbenzene, phenothiazine and fluorene to get low band gap and high Voc.
A series of copolymers derivered—from -2—pyran—4—ylidene—malononitrile (PM)
derivatives such as poly[2—(2,6—dimethylpyran—4—ylidene)malononitrile—a/t—1,4—bis
(dodecyloxy)—2,5—divinylbenzene] (PM—PPV), poly[2—{2,6—Bis—[2—(5—bromothiophe
n—2—yl)—vinyl] —pyran—4—ylidene } —malononitrile—a/t—1,4—bis(dodecyloxy)—2,5—divin
ylbenzene] (PMT—-PPV) and poly[2—[2,6—Bis—(2—{4—[(4—bromophenyl) —phenylamino
]—phenyl}—vinyl) —pyran—4—ylidene ] —malononitrile— a/¢— 1,4 —bis(dodecyloxy)—2,5—divi
nylbenzene] (PMTPA—-PPV) were synthesized successfully through Heck coupling

reaction.
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Poly[2—1[2,6—Bis—(2—{4—[(4—butyl—phenyl) — (4—phenyl) —amino] —phenyl } —vinyl) —py
ran—4—ylidene] —malononitrile—a/t—1,4—bis(dodecyloxy)—2,5—divinylbenzene]
(BuPMTPA—-PPV), poly[2—1[2,6—Bis—(2—{4—[(4—butyl—phenyl) — (4 —phenyl) —amino] —
phenyl}—vinyl) —pyran—4—ylidene ] —malononitrile— a/f/—3,7—10—hexyl— 10 Z—phenothiazin
e] (BuPMTPA—-PT) and poly[2—[2,6—Bis—(2—{4—[(4—butyl—phenyl)—(4—phenyl)—
amino] —phenyl} —vinyl) —pyran—4—ylidene] —malononitrile— a/t—2,7—9,9—Dihexyl— 9/ —fl
uorene] (BuPMTPA—-PF) were synthesized using Heck and Suzuki coupling reaction.
Also, the optical, electrochemical, and photovoltaic properties of the blend of new

copolymers and PCBM were be discussed.

_|X_



Chapter 1. A&

[ —1. JEFAR ] o3|

A2 d AvE A4 2 A= #7 w

=
semiconductor) & ©]&3% MR} Axle] #Ao] FFslar Uk dAA HIEA

light emitting display), 7] €} %4 A] (organic photovoltaic cell), 7] A
E WA ~¥ (organic field effect transistor), -F7]9F=A] " @] A (organic

semiconductor laser)5< 5 4 A o] Fo|A] 7| @P = o)) A

gatslol Ful dsl 5 Ae Azle HaZdold S8l Hu Y 5y
ool 7] WH £AE o/ 87 TV/F A8 B Aom oiH) os 2

7] RPEAZE GEgh Bokel M F8o] The ol 1Al = EAA
o &4 7HA, 7HAY AR 3 WA EZAY 58S AU 7]
oty = FoXl Figure 13 o] #7|WteAl= Bvleby tid s dap &
A}, roll—to—roll Wi o] 7}53F flexible &AFe] A o] 7Fa3dlr=E 2 A 719
g e AR ARE oozt & 5 ot o)\ oA
bulk® WH=A| AztolHA &) AP Aike]l HAA7E Hojok sl Bl
AR okl A= AAA A= 7714 A5 Ago] HAAQ Meuow W
ol=o A A
7l AR = 1954 w=9] Bell LabollA Hzx 7ids He]Zej g

Bop 2007d =A 1970 HFE A7 AEE ey 280l U sof 7
=X oz AgAgo] A &gt} AR 19861 Eastman Kodake] Tango]

copper phthalocyanin(CuPc)¥} perylene tetracarboxylic derivative® ©]-&



Air Mass 2(AM 2)

T
T

o 7}

e Ag A

=
[¢)

A2 el dg3t 7}

s

Hol B

aas

ol A 0.95%¢]

e

Nd

7

o

F fullerene (Ceo) Al A ES] A= 7 HA

i A 5% A=

015

T=



= Advantages of Organic Optoelecironics - |

“Proceszed easily over Lange arca using =
=spin-coating
-doctor blade techrdques (wet-pasceEsing) i
wqmmnmllluﬂgh amask (dry processing)
prmting

-Laow oSt 1

-Low weight

-hechanical fexibility and fransparency

-Banel gap of orgende materdals can be

easily tuned chemically by incomparation |

of different functional group

Figure 1. The variety of flexible organic photovotaics.
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Figure 2. Device structure of (a) low molecular and (b) high molecular.
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I —3—4. Solubility
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Aol &% (Tg) oo s dA e s+ post annealing WH E=YPsFo =M
SEHIY. old e WHo R AAe 2 BYdAS] 282 59U E I
AN 5 Qi Post annealing & &&o] F48] 27tHE 9907

< FEFT =242 P3HTE F357F 5718 o B2 HY

N7 W8l Aoz AZbET, P3HTE thermochromic &%

post annealin

oQ

o & I~ =
35 -

a

2% & o83 Y Scheme 20 P3HTS} PCBMS] #}8t4 %= 1}E}
o™ Figure. 72 annealing. A3} post annealing & &&2] zfo]& e}
Wi gl
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Scheme 2. Scheme of (a) P3HT and (b) PCBM
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Figure 7. (a) I-V curves and (b) modification diagram of

nano—structured polymer solar cell film.
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I —3—6. Open—Circuit Voltage(Voc)

rlr
ol
U
AN
X
=
ol
i,
o

Open—circuit voltage(Voc) B, & F3oje] Ao 4

) AEClA ule woke w BjFdA e el FAE = Aol A=
j

Voc < |LUMO y— HOMO+ ALUMO+ A HOMO (1)

I —3—7. Short—circuit current(Jsc)

Short—circuit current(Jse)= 327} w@&tsdl Ag, S e 5#do] gle A
oA We BS o YEtE AFHEEe L o] 42 $HHoR A
o] A71e} s wEk SEpA AR ol et o] AAH
FEol g8 3718 Azkel AFo] AT (recombination)dto] =2 FH A
drigt ggHo s AAAUNFAA F 32 Ko HjolX =7t 9
thoo] W AAgtel e EALS AR WRE-E2 AN dojd
EL JscB A sh7] ftelld Bl gl o] B B WALE
== A Ak 7hedt BE s dle Fetr] fleial vk
A1l band gap ANAAZF 2AS5F FHstA T 2HA HWH Voce At

Hu 2 A3 band gap= 7H AE7F B Qstt

o
=

o
2

%0
T

I —3—-8. Fill Factor(FF)

Fill Factor(FF)+ o1 Figure 83} o] o] A& oA AFUro}
A el & Vocst Jsed wo=m e gholvh. webA fill Factore= ¥ o]
7hel R el Al J-VaA e Reko]l AP Aty kRS HERd =
I BRI 58 p2 AR e Bk A A3 AR o

Al

=5
o
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Yzl (Pp)Akel 9] vl&=2 Yehloj R, o] 22l 1-V curveol thsle] Bl
HAAo] -V curve’} dul}t 7718 E5Q91XE el = I EZ Power =
Current * VoltageE ©o]-&3ste] =4 e 714 & WAH(Ip - Vp)Y HolE o]

Aol WA (Voe » Isc) 0@ UiyFo] F gholt).

(Ip+ Vp) _ Pmazx
(Isc » Voc)  (Isc » Voc)

FF= (2)

I —3—-9. Power conversion efficiency (PCE, n)

B Aol W3 g&(power conversion efficiency, PCE)& B %% 2]

Ass el e 7FE T3k QX2 AL e # e digh e Ao
# =

A #99 oldAel vz gl ok FigurelolA ©14Hel 1-V curved 1}
B ek
max ];nax Vmax FF 3 'Iv-QC ¢ %C
POB(y) = ot - o e S 5 (3)

Pl A} & HSFouURE AM 1.5 9 w= 100 mW/cm®e]3l FF ¢

=
Isc * Voc (=/max ®* Vmax = Pmax)9] #< BlSAA o =8 Aot
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Current

Voltage Vp Vo

Figure 8. Current versus applied voltage of a photo voltaic cell.
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[—4. 718 FHA S 5 W7 F
[ —4-1. F7IREA A de] F5

Figure 9o #7IHFdAe 5 wW7tUEFS HEplAT. d=d L3447}
2 F3A ™ holed} electron®] 714 g o] oJ3] A3 exciton
olgt= YA FAHT. olAo] AT AR HEEHTZ] fsiA = holedt
electron Akele] H7]% Qlgo] SHEojof sh=t] K- o]zlg oUX|=
electron donor?} electron acceptorAbe]e] LUMO(Lowest Unoccupied
Molecular Orbital)xfolell o]af DoAAA At weps F7]EFHA7F &

Ao g 2Est7] YA = exciton®] electron donor?} electron acceptor 73

Awow o Falof Fl.

[ —4-2, A TER/Cq ARANA S AR-AF Egl'®

drtd o whmAl TRk e d4E ARy e wy wE Az

of AAZste] L A ArelE HOE o =

(Photoluminescence;- PL)o]t}. o] gt HAA—AF Aol AHZATS 9 nano

Z ool dojur] wjidl-FAHe| Z T]oE & + vk I AAF

Alet AAREA Apololl A dojub= vl whE Fof7]o] s (PICT) A4 A
= =

G Ao AT F2Y + Uk

=

¢

pi
>
o)
Y
o
jle
o

F(PICT) @3 Uehiglch, WAl aiAap7h ds Faste] dA-4s %
= AT ool AR AT w2 AAREA &3 (Coo) ol EA
shar vt A A=A o] AAFAE Frehar AAREA =3 (Coo)
°of AAE At fopdA EHH o A=A wErh dojuil Foh
ofgfdt olfr® J&Eo] 4t F7] B HFL AT} AR
7F s Ao 10 ~ 20 nm oW R FEelE o] glowA 74z}

°] 2= A Y+= Bulk hetero—junction & Ejo]t}

Ni

O
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[ -4-3. A&t 53

Ba® Az} A2o] AAE A 9k FAE] &2y} Lo o|Edl= A
otk 12i7] flaiM = AT A5 AWM S Hasteof & ¥
Rk ooty 4T ulfellA EEE daket FFo] dEtEA ¢kal d=5oR

olxdd F U AR YPAo] Hojok 3stw, o] uf electron donor}
electron acceptor =2 U =
=
[e)

ofgtth. o wl Aol o

5 £57F &8 we
3 #5S 98 PEDOT:PSS([poly(3,4—ethylene
dioxythiophene): poly(4—styrenesulfonate)])®} &S buffers<S $=3 3

24T Abololl Asiet7|= g
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i- i LUMO

LUMO v
light P
2 .-
I = -
2| Ee —1 §$8 8 Er
E : B WRY |
F Homo | 8 Py 3
= HOMO =
Light Absorption Exciton Diffusion
(Exciton Generation) Q
o | LUMO By LUMO
o '\ 'g.":_'\-'. i
N -~ .91'-\.-:'- __.-lx_;_ | I
| 3 B 3| Ee
® Y
7 B T 3
HOMO L HOMO E
Charge transport & Exciton Dissociation

Collection at circuit

Figure 9. The step of photon to current specific conversion.
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Figure 10. Mechanism o
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[ —5. &2ZA 2

I —5—1. Indium—Tin—0xide(ITO)

A= f7] Wt Fd S (anode) 02 ITO7F SHE
7] 713 AFEESITE 10 o/em” o) FUAZE 7HAE= 1TO7E S3E #7)

713E 2.0 X 2.0 cm® Z7|E AYste] water, acetone, methanol,

e

isopropyl alcohol® £=AZ ZS3 A F7|E o]&3te] 2087 212 A &

A H sl

I —5—2. Spin coating

>,

B oAgoE & A3 ITO 8 e PEDOT:PSSZ spin coating™

o] &3t =ZH3IStt. PEDOT:PSS B9 2000 rpme £==2 283+
spin—coatingd+ &, 150 °C oA} 587 ojd&ste] <k 40 ~ 50 nme F7
g M E WS AlFskgl vl PEDOTPSSE ZH 3] dell A3 g ITOE
157 UV/Ozone @ aFSE}L. -Active layers= eléctron donor (polymers)<}
electron acceptor (PCBM)< 16 (&H])= =315} chlorobenzene®l| 40
mg/mlZ &A1 A 600 rpme £E2 287F spin—coatingdtil 2A]7F E<F

A 91718kl A B skl

I —5—3. Thermal evaporation

_26_



bt o] 22 shutter®2 |2He] T

=3l

Holl 107" Torrol A

B

] a}
i
—_

°F 150 nm ~ 200 nm ©]H,

A= FA=

—
T
=
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I
o
o
N
—l—l

[-6. YAHEY ¥+ &4 %
I-6-1. 'H-NMR ~FEH

sk EZS CDClol 8318t =, 400MHz 'H-NMR AHEH
(JNMECP—400, JEOLA}, Japan)o. 2 =A3t). =AHH AHAEZHA 7}
zro]l mg]o] ZAeH proton, WA 18]¢] proton @ 42719 proton E-$-7

WA vE e £ U, B4 X2 g = Ak
[ -6-2. A 3 2vlE 1383 (Gel Permeation Chromatography, GPC)

GPC+ Liquid chromatography®l 3+ SF=2A ZwAE 21 A7 uwpgl &
A EEste WHoR GPC AHe oA, H &g A SXAEE YA
ATE A7]e EAF FEE 7HAE LA &AE FHAI|HE, A7 2
A ALlRe Z7) 7 AL AlEed JFekA] Xt S8 e AlE
F71HY 22 FAES Ale - EHgA Eole 2 BEAERY @& AR
o] A8 EXT A7l AEar|E Y ste AHES s 1iEAE

e 7 Aol w77 e EAIe 2 He] ol bseiA frh
=

= 717 & BARE A7)7F #Ae B o AUS Falo] w0
At ol# g de s S8 GPC &£87t o] FolAH, 7[EA g2t Hlus &
sto] Alme] AoiEAEs 9e ¢ dnh AT =dS QP-Mass(GCMS

H
QP—5050A, Shimadzu, Japan)S A}M&3}o] 241319t}

I —6—3. UV—visible 2= EZH 3} photoluminescence (PL) A2HEH

o
ok
ol
J|m
oX,
filo

UV 54 F=A(CAPY100 CONC)E o]&3te] 7+ 4

489tk Chloroformel S43staal 8 ARE 10 mg/mL=z &A1)
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% quartz plateo] 200 rpmCo 2 A3 FHsle] A8 HEA SFEAS

SAs AR §9& A2 chloroformel w7 § SN 9+ S4=
F

I —6—4. 3 A LA F(Cyclic Voltammetry)

34 oA F (Cyclic Voltammetry) S o] €3t 23 B2 A7|% EAQ

o] &3} =% (ionization potential), AA} &= (electron affinity), band gap

of #3 EAHAES & F AY. AT FHAS band gapS AL AT
UVEFAE AHgS AR F5 2"Ef o2 RE A, CVHLS

Potentiostat 362(Eg & G)E Al&ste] SAsIs o, &g A502= Pt
wireZ, 71% HAFo 2 Ag/Ag (in sat'd AgNos), BE A0 2= Pt coil
< AF8-3F9i o} A A Al A == tetrabutyl ammonium
hexafluorophosphate (BuuNPFs)E A AlE CH:Cloll =4 0.1 ME&ANLS ws
o] AF&3}3TE.  Data acquisition©]s= Lab View®Z+ Pgram(National

Instruments) S AFE-3}S T

[-6-5. I-V EA =4

]1& 150W Xe lamp (Model

o

FAWREAS FAH) Aol B

.

LS—150—Xe, Abet Technology)& AH&3l31e™, AM 1.5G Filter (Oriel
Model 81088)% o]&3ke] AM 1.5G conditiong ¥HEo] F9lth. Standard
silicon cell (certified by National Institute of Advanced Industrial
Science and Technology with protective KG5 filter Model BS—520)2 o]

43t 1 Sun (100 mW/em®) A& 239 FAh -V 54 Source
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Measure Unit (KEITHLEY Model 2400)2 o] &3dlo] =A3a}ic}
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Chapter II. Synthesis and Photovoltaic Properties of Low band gap
n—conjugated polymers based on 2—pyran—4—ylidene—malononitrile

derivatives

I-1. A&

198549 Eastman Kodake] C. W. Tango]"'” copper phthalocyanin(CuPc)

3} perylene tetracarboxylic derivative® Z}Z} electron donor =33}
electron acceptor =& A3 o5 TX9 HEx9 FUIHIAAE
Auratel AM 2 (75 mW/em®el 2314 0.95%¢] oA WE F&o]

)

¢

20 Hal o] o|F= X9 bulk hetero—junctiond EJFHA]of] T3
A7 3] o] 2004390 = Forrest “LEolAl o7z A S0

il

=93 CuPc/Cso ©lF= F+ZFoA AM 1.5 sun AN 4.2%9 &
%o AP 2006Wdd]  KonarkadlA:=  cyclopentadithiophene 3}

benzothiadiazoleS &%3%tsFe] band gap®] 1.40 eVel =TA=S /439

of FHAE ol $F AU WFAAL) A2 2L M OZH 2006
doll Al 2007d Abolell “3:16%0 A 5.5%7HA E&S FEAIIE =ve o

Loz gl 9 [21—23].

B Ao A= 2—pyran—4—ylidene—malononitrile (PM) fE=AZE 7]|E o
2 solar celld] A€ 7Fs3d W2 band gaps 7HAl= SFAS A}
cyano group< 73t AAEAA EAS xR B2 YA electron
affinity® <7FA7]13L electron U= ZZIA]7]& acceptor 95 ko).
Electron donor®} electron acceptor® »t] F=A=Z EA WY charge
transfer Aol 93t Sddo] HupAo g o]%dta, T3k ZS  band

gap= H.o|%= donor =49 Adol dis A--sk3iTh
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I-2. Az=A 22 34
O-2-1. A%k 2 A=

Tributylamine A]2F2 TCIAFY] AES AFE8IF I, 1 919 R A|eFe
AldrichAFe] #|3=8 AR5}t Tetrahydrofurane (THF)$} diethyl ethers=
sodium/benzophenones ©]|-&3}o] FFAIA AFESEHA, NN -—dimethyl
formamide (DMF) & AA7I2E FU3HAA bubbling 3Fo] AFAE A ASH

F Agatglet.

0-2-2. ARFA 242 dFA FA

0-2-2-1. 2—{2,6—Bis—[2—(4—bromophenyl)vinyl]pyran—4—ylidene } —
malononitrile (1)¢} A4

Fo]Z Scheme 33 79| 4—bromobenzaldehyde 1.85 g (10.0 mmol)%}
2—(2,6—dimethylpyran—4—ylidene )malononitrile (PM) 0.86 g (5.00
mmol) ¥} 3 ml9 ‘piperidineS 30 ml® acetonitrileo] &3]3+ &, 80 ColA

12413 87 A, w55, o] 89 Hal wRkAIZl 5 a1

\= o)
==
)
=

2 FEate 14 FFE(1.91 g, 75.3%)S 2tk 'H NMR (400MHz,
CDCls,), (ppm): & 7.61-7.58 (d, J = 8.5, 4H), 7.47-7.44(d, J] = 8.8,
4H), 7.48-7.43 (d, J = 15.7, 2H), 6.80—6.75 (d, ] = 15.9, 1H), 6.73
(s, 2H). Anal. Caled for Co4HisBrsN2O : C, 56.95; H, 2.79; N, 5.53.

Found: C, 56.94; H, 2.73; N, 5.49.
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0-2-2-2. 2—{2,6—Bis—[2—(5—bromothiophen—2—yl) —vinyl] —pyran—
4—ylidene } —malononitrile (2)¢] 34

5—bromothiophene—2—carbaldehyde 1.92 g (10.0 mmol)2} PM 0.86 g
(5.00 mmol)S M—-2-2-13 & WHog Attt (2.14 g 82.7%).
'"H NMR (400MHz, CDCls, ppm): & 7.47—7.43 (d, J = 15.7 ,2H), 7.07
(s, 4H), 6.65 (s, 2H), 6.45-6.41 (d, J = 15.8 ,2H). Anal. Calcd for
C2oH10BraN20S, @ C, 46.35; H, 1.94; N, 5.41; S, 12.37, Found: C, 46.36;
H, 1.97; N, 5.52; S, 12.35

0-2-2-3. 2—-[2,6—Bis—(2—{4—[(4—bromophenyl) —phenylamino] —
phenyl} —vinyl) —pyran—4—vlidene ] —malononitrile (3)<] 4324

4—[(4—Bromo—phenyl) —phenyl—amino] —benzaldehyde 3.52 g (10.0
mmol))Z PM 0.86 g (5,00 mmol)S M—-2-2-2¢ #& WHo=w IHA s
ATk (3.30 g, 78.6%). 'H NMR (400MHz, CDCls, ppm): § 7.46 — 7.00
(m, 28H), 6.61 (s, 2H), 6.58 (d, J= 16 Hz, 2H). Anal. Calcd for
CasH32BroN,O: C, 68.585-H, 3.84; N, 6.67. Found: C, 68.60; H, 3.90; N,
6.60.

I -2-2—4. 1,4—Bis(dodecyloxy)—2,5—divinylbenzene (4)2] & 4%!

0 °C THF 50mLe] methyltriphenylphosphoniumbromide 7.90 g (22.0
mmol)E Y2 % n—BulLi (21.0 mmol, 1.2 M in hexane)S 3] A7}
A Aol A 30
2,5—bisdodecyloxy—benzene—1,4—dicarbaldehyde 5.03 g (10.0 mmol)&

wwkelt}l, <= THFE 50 mL © 713 =&

A

o] Fa1 4A7F EoF BFAZIT WS EILES diethyl ether? %3 &
THIFE AFSY. B MgSOE #H7bsle] 8-S Al AAIZ] ¥, methanol

2 AAASS IFES APt 4.02 g (80.6%), mp: 62—-63 °C.
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"H-NMR (400MHz, CDCls,), (ppm): § 7.05 (dd, J1 = 11.1 and J2 =
6.7Hz , 2H), 6.99 (s, 2H), 5.73 (dd, J1 = 16.3 and J2 = 1.4Hz, 2H),
5.26 (dd, J1 = 9.8 and J2 = 1.4Hz, 2H), 3.96 (t, J = 6.5Hz, 4H ),
1.79 (m, 4H), 1.47 (m, 4H), 1.31 (m, 32H), 0.88 (t, J = 6.8Hz, 6H)
6.73 (s, 2H): MS (M+, m/z,); 498 Anal. Calcd for Cs4Hs302 : C, 81.87;
H, 11.72; O, 6.41 Found C, 81.85; H, 11.77.
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piperidine

reflux / Acetonitrile, 80°C

piperidine
S -

W reflux / Acetonitrile, 80°C

H

g eNey [
. piperidine
N
@ reflux / Acetonitrile, 80C

Scheme 3. Synthetic route of monomers.
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I-2-3. AAFA =29 %

O—-2—-3-1. Poly[2—(2,6—dimethylpyran—4—ylidene)malononitrile — alt—
1,4—bis(dodecyloxy)—2,5—divinylbenzene] (PM—PPV)

Fo]Z Scheme 49} Zo] 3= (1) 0.02 ¢ (0.4 mmol) ¥ 3IFE (4)
0.25 g (0.5 mmol) tri—o—toly—phosphine 24.35 mg (0.08 mmol),
tributylamine 0.25 g (1.04 mmol) ¥} palladium acetate(Pd(OAc).) 2.7
mg 5= DMF &algk 5, 140 C ZA& 978kl A 24A13F aigtato] FgF
gk ol TFE=S methanolol] AT 5, oAFA|A WA Y E

S A9t '"H-NMR (400MHz, CDCls,), (ppm): § 7.25 — 6.35 (b, 10H),
7.6 — 7.28 (b, 6H), 5.51 (b, 3H), 4.1— 3.78 (b, 4H), 1,24 (s, 40H),
0.85(s, 6H)

0I—-2-3-2. Poly[2—{2,6—Bis—[2—(5—bromothiophen—2—yl) —vinyl] —
pyran—4—ylidene } —malononitrile—a/t—1,4—bis(dodecyloxy) — 2,5 —divinyl
benzene] (PMT—PPV)

sek= (2) 0.21 g (0.4 mmol) ¥ 3}3= (4) 0.25 ¢ (0.5 mmol)= <%}
2o o R F3ete] - Ao Iy 5SS AT

'"H-NMR (400MHz, CDCls,), (ppm): & 7.52 — 7.42 (b, 3H) 7.08 —
6.64 (b, 10H), 5.55 — 5.34 (b, 3H), 4.12 — 3.98 (b, 4H), 1.59 — 1.25
(b, 40H), 0.87 (s, 6H)

II-2—3-3. Poly[2—[2,6—Bis— (2—{4—[(4—bromophenyl) —phenyl
amino] —phenyl} —vinyl) —pyran—4—ylidene] —malononitrile— a/t—1,4—
bis(dodecyloxy)—2,5—divinylbenzene] (PMTPA—PPV)

S5 (3) 0.34 g (0.4 mmol) ¥ 3+gE (4) 0.25 g (0.5 mmol)S ¥}

de ppoR FPstel WY nYBL AU

o
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'"H NMR (400MHz, CDCls, ppm): § 7.26 — 6.41 (b, 36H) 5.51 — 5.34
(b, 2H), 4.21 — 3.89 (b, 4H), 1.54 — 1.19 (b, 40H), 0.84 (s, 6H)
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pZ OCqHzs )
1 + tri-o-tolyphosphine, BuzN
C12H250 Pd(OAc),, DMF
4
/ OCi2Hzs
2 + tri-o-tolyphosphine, BuzN
=
C12H2s0 Pd(OAC),, DMF
4
L 1 n

OC4oH.

Var
OC12H25 oo | X
3 . /\/@/ tri-o-tolyphosphine, BuzN
C1aHas0 = Pd(OAG),, DMF N C12H250

4 J s !

PMTPA-PPV

G

Scheme 4. Polymerization of PM—PPV, PMT—-PPV and PMTPA—-PPV.
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0-3. 2% ¢ 2z

BEAoR HAetlaL, 7zt dEFAES oF 70 ~ 85%° &
2 9& 4+ JAY. Heck coupling reactions ©]-&3ste] @&EA|E2] moleH]
E 12 FFIs A4S, 9¢=A 1, 2 9 39 rigiddk FE wie]
toluene, chloroform, chlorobenzene, dichlorobenzene®] t3dl 1 &E=2}2o] &3
T7b wig- sokth weba] EAES x4sty] fste] 9REAl 1, 2, 33 4E
1 1.259 BFH=E ST THEES A 2E Yo s I
ARY olFEA T TFAY ¢ B
PM—PPVelA]l 35002 6800°]a, PMT-PPVelAr 32002 62000]
PMTPA—-PPVlA 38003 70000] AT},

B
of
ofi
o
£l
i
_>|4_,
oft
rlo
)
)

&

I-3-2. AAFA =49 FH4 54

et EAS AL SlE 3 A=l UVES spectrum® PL
spectrum= SA3FA . 4o T At PCBMS 1:69] THH| =2 WS

o] Z43 spectrumES Figure 119 YERHSITE. PM—PPV, PMT-PPVe}
PMTPA-PPVE 200 ~ 900 nm7Z7bA Y& WMWY &4 spectrumS LFERY
1om?! pM—PPV, PMT—PPVS PMTPA-PPVY Hu &4 w3 7tz
433 nm, 484 nm¢ 501 nmo =2 YERWH A& A< PMTPAS Ao+
396 nm¥} 501 nmelA  FFE YERI, o -7 o]
charge—transfer ~#oleo]  3d@ct?l PMT-PPVS} PMTPA-PPVE

i

S

PM—-PPVHT} Hd &4 34o] 50—70 nm red—shift&S & FUt}. o]+
phenyl ring®] ¥H]38l triphenyl amine®} thiophene®] HAFA &7} A7)
ol gh b o,
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7}7be] 2342 PCBM 1:69) 2 Bd =3t =43 PL spectrum
S Figure 129 YetIglom, gbdst FA4dS &R1sqit). o= Weof 9
ato] 5% donor®] HA7F PCBMO.Z &3% 02 charge transfer¥ o] 7]

Ej Fd X ol 4] 5 Q3 photoinduced charge transfer (PCT) &/o] 2 git}

[ef pul

- [e) }\
fz_leo 9\}1‘4’
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Figure 11. Optical absorption spectra of pure (a) PM—PPV,
(b) PMT—-PPV, (¢c) PMTPA—-PPV film (solid line) and
the blends with PCBM (1:6 by weight) (dashed line).
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PL Intensity (a.u.)
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Wavelength (nm)
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Figure 12. Fluorescence spectra of pure (a) PM—PPV, (b) PMT—-PPV,
(c) PMTPA-PPV film (solid line) and the blends with
PCBM (1:6 by weight) (dashed line).
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Ay
riet
2

9,
Y
S
EE
tlo
o
oo
ol
2

e
o
(i,

U = cyclic voltammogram< Figure 139
eI TFAEY c3AgdF o= 31U onset H9et IA
A9 ferrocened] Wate] PM—-PPVE —1.15 Ve —1.47 Volx
PMT-PPVE —1.38 V¢ —1.55 Veo|W, PMTPA-PPV:E —1.26 V&
—1.80 V2 7}7} eyt s3SI FIF 404 2 onsetd bl 23k
A2FeE PM—PPV, PMT—-PPV, PMTPA—-PPV2] LUMO °lUxA #¢<& 717}
— 3.65 eV, — 3.54 eV, — 3.62 eVolal HOMO oYz +9& zZt7z} —
5.83 eV, — 5.61 eV ¥ — 552 eVZ YEIRTE Table 1] 5w 74749
ZAAES HOMO olUdA £+ PEDOT:PSS. HOMO olyx =9,
LUMO olyv# <9<  PCBM?2 LUMO o|yA] “+9|7} donor -
PEDOT:PSS7te) A2l o] &% donor — acceptor?te] #Hzlo]lEo] =3t
Aoz ddE i fr|FAA el S&o] 75t Asan
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Table 1. Optical and electrochemical properties of PM—PPV, PMT-PPV
and PMTPA—-PPV

UV(\max/ ~PL(Amax/-- HOMO LUMO E, Eonset

film) film) (eV)? (eV)® (eV)® (V)¢

PM-PPV 433 643 5.83 365 2.18 1.26
PMT-PPV 484 712 561 354 190 1.31
PMTPA-PPV 501 662 5,52 362 207 1.34

? 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. Fc / Fc*
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Figure 13. Cyclic voltammograms of PM—PPV, PMT—-PPV and
PMTPA-PPV
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0-3—-4. ARFA 29 I-V FA

ITO7F =8 ¥ g3 ITO/PEDOT : PSS/Polymer : PCBM/Al +Z%9]
bulk hetero—junction®@®] F7]EFHAA] A& Al Zfste] FHAMIAEAL S =
sttt AM 1.5 G el A A2xte] FdWHSRSEAS Figure 149 HERY
Atk PM—-PPV, PMT—-PPVe} PMTPA—-PPVY Voctts Z+2F 0.69 V, 0.62
Vel 0.59 V2 eI, donore] HOMO olux] &7 wob el el Ve
= FAaEs BT o] A3 Vot donor®] HOMO oy A =919k ¥
A3k AAE FAFT 5 AATh Jsewk> 27 0.19 mA/em®, 0.28 mA/cm’9}

2 mA/em’E et EF FFE dubzel gadA] AFS AFe A
g YR BAFE AF-AY FHoz 77 22%, 18%9 28% = UENS
o o] FERZ AxtdE FHAWMIFTELS PM-PPViE 0.03%, PMT—PPVE
0.03%, PMT—-PPV+= 0.11%°]t. PM—PPV, PMT—PPVS PMTPA—-PPV
o] F3, A7|sketd SHo = m R Hel ZF SHPAESS FUIHEAA
A EL donorEAZ FRHJAAG et FFY el FA S At
Prallel resistance®] #t2 F8tE 25 series resistance® #k-2 00 7}
ThEaE £ SRS ety diZol S8E gkQk prallel resistance®] @k
°F 1330 ~ 4081 peno]ik-series resistance®] gto] 364 ~3780 qncrl.
2 24 42 A4S YA 58 A 584 waE FE AR

Ql series resistance®] #kel =Al YEMEIL o]2 Qlste] HAFe] o] F o

rlo
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Figure 14. Current—voltage characteristics of photovoltaic cells under
AM 1.5 condition (100 mW/cm?) (dashed line) and the dark
(solid line).; (a)PM—PPV, (b)PMT—-PPV and
(c)PMTPA—-PPV
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I-4. 2&

B Aol A Heck coupling reactions ©]-83te] 22 band gap¥ 52 &5
d9= 7IAE= PM-PPV, PMT-PPV % PMTPA-PPVE A&ttt
PMT—-PPV$} PMTPA—-PPVi PM—PPVol| H|3le] &4 g o] Fugddd
o2 olFsrt Ztzte] FAIES HOMOSH LUMO olyA] +#9=2 v
o] Hol f{UIEFHAA &8l 75 donorEHolzt  wehE At
ITO/PEDOT : PSS/Polymer : PCBM(1:6 by weight)/Al7-%¢] bulk
hetero—junction® EJYZHA] ALAE AZFste] FAHS JAHIEHAE=
Tableo] YelRSltt. PM—PPV, PMT—PPV % PMTPA-PPVE 02 Voc
S 0.69 V, 0.62 V 20.59 Volal, Jse#te 0.19.mA/cm® 0.28 mA/cm®
2 0.62 mA/em*E2 242 Vel o FFE 22%, 18% B 28% = z+zb e}
Wil FARD T LS 0.03%,0.03% 2 0.11%% Z+7E YEFSTH
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Chapter III. Low band gap m—conjugated polymers toward organic

photovoltaic cells application

m-1. A&

2 dFdAE AxEFA S-4EA MY £ 5285 Holes
2—1[2,6—Bis—(2—{4—[(4—bromophenyl) —phenylamino] —phenyl } —vinyl) —
pyran—4—ylidene] —malononitrile F=Ao] &IHE=ZS Fol7] H3dlo] alkyl
T GgdE A7 Ssl
Poly(Phenothiazine) +%A1¢} Poly(Fluorene) +X*|& Heck coupling &

I} Suzuki coupling THHS o835t Poly[2=[2,6—-Bis—(2—{4—

ok

chaing =93ttt ZS band gapd H&

[ (4—butyl—phenyl)—(4—phenyl) —aminol—phenyl} —vinyl)—pyran—4—ylide
ne] —malononitrile—aft—3,7—10-hexyl—10/A—phenothiazine]
(BuPMTPA—-PT) ¢} Poly[2—[2,6—Bis=(2—{4—[(4—butyl—phenyl)—(4—
phenyl) —amino] —phenyl} =vinyl) —pyran—4—ylidene | —malononitrile — a/t—2
,7-9,9-Dihexyl=9H—fluorene] (BuPMTPA-PF)E F&3t3ith

71£9] PMTPA-PPVel =B aj=s o7l #le| valkyl chains =<43%
Poly[2—[2,6—Bis—(2—{4—[(4=butyl=phenyl) — (4 —phenyl) —amino] —phen
yl}—vinyl) —pyran—4—ylidene | —malononitrile — a/f/— 1,4 —bis(dodecyloxy) —
2,5—divinylbenzene] (BuPMTPA—-PPV)9} 3353 EA HA7| 3% EA

AR 2axpe] Fddda o] Zpolol diel Hlnl &S
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M-2. A=A 22 4

MM-2—-1. ARFA 22 dFA T4

M—-2—-1-1. (4—Butyl—phenyl) —diphenyl—amine ¢ 4

Fo]7 Scheme 59 #o] 4—Butyl—phenylamine 1.49 g (10.0 mmol) I}
Cu 1.9 g (30.0 mmol), 18—crown—6 0.13 g (0.5 mmol)$} K,COs3 4.14 g
(30.0 mmol)<S 10 mL<¢ Dichlorobenzene®] £3a3F & 170 CTolA] 72A]%F
FAFHT Hbs 5 & sk W2 89S Silica/hexane:ethylacetate
(8:2)A AdolA Akl M oil Aol FFES AUt 'H-NMR
(400MHz, CDCls,), (ppm): 6§ 7.18—=7.03 (m, 16H), 2.70—2.39 (t, 2H),
1.62—1.54 (m, 2H), 1.41-1.29 (m, 2H), 0.97—0.88 (t, 3H) Anal. Calcd
for Cg2H2sN, C, 87.66; H, 7.69; N, 4.65 Found C, 88.01; H, 7.51; N,

4.45

MM-2-1-2. 4—[(4=Bromo—phenyl) -~ (4—butyl=phenyl) —amino] —benz
aldehyde ¢ &4

(4—Butyl—phenyl) —diphenyl—amine 3.01 g (10 mmol)& anhydrous
N,N'—dimethylformamide =~ (DMF) 50 mlo]  &3|A]H3, 7]
N—bromosuccinimide (NBS) 2.13 g (12.0 mmol)< one—portion®. = ¥}
U Aol 2A1ZF EoF Rk AJRA, vk TR SRTE W
ethylacetate/E= M&AH3 & MgSO,& AF&ste] & AASISH. Svl&
A A T ZAF 3EL 1,2—dichloroethane 10 mLol] &3]3t Ar £97]
stolA1 DMF 10 mLe} POCl; 1.84 g ( 12.0 mmol)E ¥ 0 ColA 30+

WAL & &gk shgE TSIt 90 CollA 24 AIZE ZHFA|
7 3 Aeow WZhA| 7|3l ethylacetate/E 2 A A3 = MgSO.S A3}
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FES A ASAY. &S A A3 & Silica/hexane:ethylacetate (8:2) 7
AANA AAste] =34 oil AEje] SFES AUtk 'H-NMR (400MHz,
CDCls,), (ppm): 6 9.81 (s, 1H), 7.69—-6.99 (m, 12H), 2.62—2.59 (t,
2H), 1.65—1.56 (m, 2H), 1.42-1.33 (m, 2H), 0.96—0.93 (t, 3H) Anal.
Caled for C22H22BrN, C, 69.48; H, 5.83; Br, 21.01; N, 3.68 Found C,
68.99; H, 6.30; N, 3.33

M-2-1-3. 2—[2,6—Bis—(2—{4—[(4—bromo—phenyl)—(4—butyl—phenyl

)—amino] —phenyl} —vinyl) —pyran—4—ylidene ] —malononitrile (1)&] A

4—[(4—Bromo—phenyl) = (4 —butyl—phenyl) —amino ] =benzaldehyde 4.08 g
(10.0 mmol))¥ PM 0.86 g (5.00 mmol)°] 3 ml®] piperidineS 30 mle]
acetonitrileol] &83 3 80 TColA 12AIZF SHFA AT w3 £8 F o]

A AX HEste] 8 sgES Ak 'H NMR
(400MHz, CDCls, ppm):" & 7.44 = 7.00 (m, 28H), 6.63 (s, 2H),
2.61-2.58 (t, " 4H), ~ 1.61—=1.524 | (m, 4H), 1.41-1.35 (m, 4H),
0.96—0.93 (t, 6H)~Anal.»Calcd for 'Co3H22BrNO.C, 67.65; H, 5.43; Br,
19.57; N, 3.43; O, 3.92 Found'C, 67.81; H, 6.09; N, 2.99

O~
g FHTE ¥

M-2—-1—-4. 10—Hexyl—3,7—bis(4,4,5,5—tetramethyl—1,3,2—dioxaborolan
—2—yl)—10H—phenothiazine (2)¢] 4

3,7—Dibromo—10—hexylphenothiazine 4.42 g (10 mmol)S %4 THF
L3 A17] % dry ice/acetone bathollA —70C= WZste]l n—Buli 8.81
mL (22 mmol)& AA3 A7t Stk 30& w9 wwkek &
2—isopropoxy—4,4,5,5—tetramethyl—1,3,2—dioxaborolan 4.6 mL (22.5

mmol)S H7}tgth A Lo X 24A)7F WWFEE & ethylacetate® 53¢
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% THFFE AFsEY. MgSOE  HAUbste] RS AAT 5,
Silica/hexane] A& NA AAst], Ag AFM AP ES AT (2.67
g, 49.7%) MS [M+] : 535. mp : 173 — 175 C 'H-NMR (400 MHz,
DMSO, ppm): § 7.47 (t, 2H), 7.31 (m, 2H), 7.01 (d, 2H), 3.9 (t, 2H),
3.5 (t, 3H), 3.17 (m, 2H), 1.66 (t, 2H), 1.34 (m, 2H), 1.24 (m, 24H),
0.85 (m, 2H) : MS (M", m/z,); 535.00, Anal. Calcd for CsoHi3B2NOSy,
C, 67.31; H, 8.10; B, 4.04; N, 2.62; 0, 11.95; S, 5.99 Found C, 67.20;
H, 8.15; N, 2.73; S, 5.87

M-2-1-5. 2,7—Bis(4,4,5,5=tetramethyl—[1,3,2]dioxaborolane)—9,9—
dihexyl—9H—fluoren—2—yl (3)2} A

2,7—Dibromo—9,9—dihexyl— 9 H—fluorene (2.46 g, 5 mmol)S HAA=
THF (50 mDell &ajA)171 3= 3087 kAl Z T —70 °C (dry ice/acetone
bath)® “¥72}3+ & n—BuLi (4.44 ml, 11.0 mmol, 2.48 M in hexane)&
AMAs ATbgh Lo TWOAZE RS QE AEolA S wek A7) 1
2—isopropoxy—4,4,5;5—tetramethyl—1,3,2—dioxaborolane (4.81 ml, 12.0
mmol)S Ytk Ao 12 A1k AR 3 diethyl ether® F&3 U2
TR AFSAY. F4 MgSO.E  #H7bste RS AAANN T
silica/hexane”] AHolA A SN hexane o= A AAsto], WA x| 3}
S ddrk. 199 g (65.8%), mp 118 °C. 'H-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, /=16.1 4H), 1.39 (s, 24H), 1.05 (m, 6H) 0.74 (t,

J=7.16 Hz 6H)
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M-2-2. ARFA 2D 5%

M-2—-2—-1. Poly[2—[2,6—Bis—(2—{4—[(4—butyl—phenyl)—(4—phenyl) —
amino] —phenyl} —vinyl) —pyran—4—ylidene ] —malononitrile—a/t— 1,4 —bis(d
odecyloxy)—2,5—divinylbenzene] (BuPMTPA—-PPV)9 =3

F0]Z1 Scheme 63} o]
2—1[2,6—Bis—(2—{4—[(4—bromo—phenyl)— (4—butyl—phenyl) —amino] —p
henyl}—vinyl) —pyran—4—ylidene] —malononitrile 0.095 g (0.1 mmol)¥}
1,4—Bis(dodecyloxy)—2,5—divinylbenzene 0.049 g (0.1 mmol)®l
tri—o—toly—phosphine 24.35 mg (0.08 mmol), tributylamine 0.25 g
(1.04 mmol)3} palladium acetate 2.7 mg<= anhydrous DMFeol| &3&)3F %,
140 C d& &17]stol A 24A3F mwtele] Sokaint. Ao Td=<
methanolo] AAHE & AAA WA TP ES A9tk 'H-NMR (400
MHz, CDCls), (ppm): 7.67 — 7.42 (b, 16H), 7.13 — 6.62 (b, 18H),
4.05 (b 4H), 2.60 (s, 6H), 1.83 = 0.08 (m, 38)

M-2—-2-2. Poly[2—[2,6=Bis=(2—{4—-[(4—butyl—phenyl)—(4—phenyl) —
amino] —phenyl}—vinyl) —pyran—4—ylidene] —malononitrile—a/t—3,7—10—h
exyl—10H—-phenothiazine] (BuPMTPA—-PT)¢ =3

K;CO3 5.4 g (39 mmol)e} A% AHEAA Aliquat 336 20 mLe] &

Fel wol Ar #917] stellA 3087 HEDSSUT Ar 917 sl A
2—1[2,6—Bis—(2—{4—[(4—bromo—phenyl) —(4—butyl—phenyl) —amino] —p
henyl}—vinyl) —pyran—4—ylidene] —malononitrile 0.095 g (0.1 mmol),
10—Hexyl—3,7—bis(4,4,5,5—tetramethyl—1,3,2—dioxaborolan—2—yl) —10H

—phenothiazine 0.053 g (0.1 mmol), 239 tetrakis(triphenylphosphine

_54_



palladium) [Pd(PPh3),]E& Y& & QoA Ax3 KyCO; &N} toluene
of  Fg&ule]  &IAHTE. 80 TCelA 2  F WA 3
1—bromo—4—tertbutylbenzene 0.1 mLE A7}l end—cappingdtth. 12
Al 7F HoF wHksk 3 60 mg9 phenylboronicacidE H7FsF & thA] 1247
wRkelITh Whg FE5 § methanoldll &NE Artste FEES AU
Ao FgE2 chloroforme] £3fA171 TS SFF= AF A MgS0,
s A7t & AAg §, &ulE AASS Y. &Y chloroforme] i1
& FFAE &MAA methanolell AFHA, st WiHMe] uYPES
Atk 'H-NMR (400 MHz, CDCls), (ppm): 7.60 —7.43 (b, 17H), 7.19
— 6.64 (b, 20H), 1.84 —0.87 (b, 44H)

MM-2—-2—-3. Poly[2—[2,6—Bis—(2—{4—[(4—butyl—phenyl)—(4—phenyl)—
amino] —phenyl} —vinyl) —pyran—4—ylidene ] —malononitrile— a/t—2,7—9,9—

Dihexyl—9H—fluorene] (BuPMTPA-PF)¢| F3

2—[2,6—Bis—(2—{4—[(4—bromo—phenyl) = (4 —butyl—phenyl) —amino] —p
henyl} —vinyl) —pyran—4=ylidene ] —malononitrile” .0.095 g (0.1 mmol)<}
2—1[9,9—dihexyl—7—(4,4,5=trimethyl—[1,3,2]dioxaborolan—2—yl) —9H—fl
uoren—2—yl]—4,4,5,5—tetramethyl—1[1,3,2]dioxaborolane 0.058 g (0.1
mmol)&  fl¢F #E WRow FIste HE W n1PES AT
'"H-NMR (400 MHz, CDCl3), (ppm): 7.80 — 7.37 (b, 16H), 7.26 -
7.00 (b, 14H), 6.63 — 6.58 (b, 2H), 2.62 — 2.58 (b, 3H), 2.00(b, 4H),
1.61 (b, 4H), 1.39 — 1.21 (b, 14H), 1.04 — 0.93 (b, 16), 0.74 (b, 8H)
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QCysHog tri-o-tolyphosphine, Bu3N — —
=
CiaHasO Pd(OAc)2, DMF

CaH13

i /@ D‘ /t Allquat336 toluene

2M K2CO3/H,0

CgHy 3Ci a3

AI:quat 336, toluene
2M K5COg/H-0

SN en

- BuPMTPA-PPV
C4H

. BuPMTPAPF

CsHg

C4Hg -

CgHi3CsHia

CaHg

I

Scheme 6. Polymerization of BuPMTPA—-PPV, BuPMTPA—-PT

and BuPMTPA—-PF
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m-3. 23 2 nz

M-3-1. AAFA 249 %4 2 54

Ao x g wEEA o A9 4 WHES Scheme 59 6 o Y

BRI AT Akl SAEE %o0]7] 95}
(4—Butyl—phenyl) —diphenyl—amineS A3} 11 2-[2,6—Bis—(2—{4—

=1

[(4—bromo—phenyl) — (4 —butyl—phenyl) —amino] —phenyl } —vinyl) —pyran—
4—ylidene] —malononitrile phosphorous oxychlorideE 7]+S = 3alof wh
S 71 Vilsmeier W o 2 A5Gty Zhzke] A SS Ag o] ut

214t} Heck- coupling reaction®}

k)

% 70 ~ 85%%) FEE d& T
Suzuki coupling reactions ©]-83slo] WA E2 moledl & 1112 T3
&

FAES F71G0 e) $53
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M-3-2. ARFA 24| Fo49 54

|9 Ao FdE dHAdAe STEAES FIEH 5SS UV-Vis
spectrometer®} PL spectrometer® =3
PCBMS 1:29] s3Hu|&2 EW=35lo] =A3 spectrumE<S Figure 159 Y
ER Yt BuPMTPA—-PPV, BuPMTPA—-PT$ BuPMTPA—-PF+ 200 nmol
900 nm7FA] He 49 9S YEA Y. conjugation length7} Adoj&
5 A9d d9gow oF s ddsiit. Aze FFAE PCBM# 1 ¢
B =3l =AH3 PL spectrumS Figure 16°] WERASIa
g FHAES Fdsiain ol Wel-olstel =% donor® HA7F
PCBMOo =2 @34 o& charge transferE o] HF7IEjFAAANA  F Q3
photoinduced charge transfer (PCT) &/to] @A = A & 5 Ut}
BuPMTPA-PTS} BuPMTPAPF®] 4% & HFEd W Ad 24 93 s

Fod 5 gglott, BE AdY W wg A1t gopae wo
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Figure 15. Optical absorption spectra of pure (a) BuPMTPA—-PPV,
(b) BuPMTPV—-PT, (c) BuPMTPA—-PF film (solid line)
and the blends with PCBM (1:2 by weight) (dashed line).

_59_



PL Intensity

550 600 650 700 750 800 850 200
Wavelength (nm)

(b)

g
.
' Ay

= ]
=

w ,} A} o

c ;

‘.g I
= : |
e |2 e
o ~

T T T
550 600 650 700

(c) -¥
> s
C !
QL ,
E ! Y
I K .
T | - .

550 600 650 700

Wavelength (nm)

Figure 16. Fluorescence spectra of pure (a) BuPMTPA—-PPV,
(b) BuPMTPA—-PT, (c) BuPMTPA-PF film (solid line)
and solution (solid—dash line) and the blends with

PCBM (1:2 by weight) (dashed line).
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U cyclic voltammogram< Figure 179
Uetd. TdAEY sddddF Sdo= gk onset Aok A=
A9l ferroceneo| ©lste] BuPMTPA—-PPV: —1.34 Ve —1.92 Vo]l
BuPMTPA-PT+ —1.01 V¢ —1.52 Vel BuPMTPA-PF& —1.07 V&
—1.56 V& Z}7} YERTh 3 dgd 73404 Y onsetdstoll o35t
Al4FeE BuPMTPA—-PPV, BuPMTPA—-PT, BuPMTPA—-PF2] LUMO ©|yA]
& 747k - 348 eV, — 3.79 eV ¥ - 3.73 eVelil HOMO oA &

Z}7F — 551 eV, — 588 ¢V 3 — 580 eVE YEIRT. FAFH
A+ donor—acceptor-HE} 2] low—bad gap Z&EAo]™, LUMO ol LA
¢t PCBMe| LUMO ol 919 At B Fdxe) donor == 2§

do Fy
rlo ]
=

MN ol
o

ok

T A& energy levelS 74O &S gels)it.
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Table 2. Optical and electrochemical properties of polymers

UV(\max/ PL(Amax/ HOMO LUMO Eq Eonset

film) film) (eV)* (e (eV)* (W)

BuPMTPA-PPV 370, 501 655 5,51 3.48 2.07 1.32
BuPMTPA-PT 320, 476 - 5.88  3.79  2.09 1.01
BuPMTPA-PF = 369, 498 - 5.8 3.73 207 1.07

? 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. Fc / Fc*
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g = LA PR AL | LA LA LI
0.3+ BuPMTPA-PPV
L onset =-1.34 V {
0z} -
Q -1.92 ]
e I BuPMTPA-PT
— 0.1F onset=-1,01 V|
= L |
Q 0.0} -
5 L -1.52
BuPMTPA-PF
O-0.1F onset = —1.07 V|
02+ 4
-1.56

_03 1 Il L 1 1 1 1
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E(V) vs. Fe/Fc’

Figure 17. Cyclic voltammograms of BuPMTPA—-PPV, BuPMTPA-PT
and BuPMTPA—-PF.
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M-3-4. AAFA 249 I-V 4

ITO7} ZY® fE]e] ITO/PEDOT:PSS/Polymer:PCBM/Al 22| bulk
hetero—junction® o] F7|H&FAA] 225 AZbete] FAMIASAZS SA st
ATh AM 1.5 G Al Axle] FAWBEAE Figure 1891 e AT
BuPMTPA—PPV, BuPMTPA—-PT$ BuPMTPA—-PF¢] Voczke zHzh 0.59
V, 0.56 V& 0.42 V& Yebgtar Joegtke 22F 0.62 mA/em®, 0.22 mA/em”
S} 1.28 mA/em®® UEbSTE B3 FFE dubzel ggdA AsS A7t
At W92 BoFes AF-ds FHS=Z 77 28%, 29%, 29% = EFR
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Figure 18. Current—voltage characteristics of photovoltaic cells under
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