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Abstract of Thesis

An active layer of OPVs generally comprises of an electron—donor such as poly (3—hexylthiophene) (P3HT)
blended with an acceptor material, typically [60]fullerene (C4) and its derivatives. Cgz has superior
optoelectronic properties such as high electron—acceptability, slow back-electron—transfer, small
rearrangement energy, and allow the formation of triplet exciton. However, Cy and its derivatives have some
drawbacks: limited solubility, poor morphology and lifetime stability in the blend with P3HT. In order to
overcome such problems, copolymers of 6-chlorohexyl methacrylate, a monomer possessing flexible alkyl spacer,
and methyl methacrylate were prepared. The subsequent azidation and 1, 3—dipolar cycloaddition of azide yielded
polymerthacrylates bearing C, moieties. Atactic polymethacrylate (at-PF) was prepared by radical
polymerization, while syndiotactic (st-PF) and isotactic (it-PF) were obtained by anionic polymerization.
The controlled molecular weight with narrow distribution by living anionic polymerization allowed the
comparison of molecular weight before and after the Cy—addition, which revealed a side reaction, 7.e. the
multi-additions of azides to a Cy, moiety, resulting insoluble fractions due to the cross—linking. Nevertheless
the obtained a#-PF and st-PF exhibited high solubility in tetrahydrofuran, chloroform and toluene with high
Cg content up to 41.4 wt. This is the highest Cy content among the reported polymethacrylates. In contrast
7t-F exhibited relatively low solubility and was partly soluble in CHCl; The lowest unoccupied molecular
orbitals (LUMOs) of at-PF and stPF were 0.2-0.4 eV higher than those of Cq and its common derivative
[6, 6]-phenyl-C61-butyric acid methyl ester (PCBM), enough low to allow charges transfers from P3HT. The results
suggest that at—/st—F are excellent electron-acceptors for OPVs. This fact also supported by the almost
quantitative (96-98%) fluorescence quenching of the polymers in the blend with P3HT. AFM phase images revealed
that the st—F forms a much finer microphase separation in the blend with P3HT than at—F, suggesting the control
of stereoregularity and molecular weight had significant effects. The OPV devices prepared from the blends
of at—/st-F with P3HT exhibited high open circuit voltages (V, s, at-=PF: 0.73 V, sz=PF: 0.89 V), although the
short circuit currents (/,s) and fill factors (FFs) were almost zero. The results indicate that the morphology
must be improved to achieve bicontinuous percolation network of donor and acceptor materials

To further improve the morphology, a diblock copolymer composed of donor and acceptor segment is designed
aiming to function as a single molecular device and to form self-assembly of donor and acceptor moiety in
nano scales. To realize this design, synthesis and modification the diblock copolymer consist of independently
clickable segments were investigated. Anionic copolymerizations of silyl-protected propargyl acrylate and
CHMA were conducted in the presence of a bulky aluminum additive. The sequential monomer addition resulted
in a relatively wide molecular weight distribution, while the one—shot monomer injection allowed a
onomer—selective polymerization to afford block copolymer with narrow molecular weight distribution. The
subsequent polymer modification revealed that each segments could be independently functionalized via double
click chemistry. This result will provide a facile method for the preparation of block copolymer bearing

functional moieties such as donor and acceptor electrons for OPV application.
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BB (OPV) 1322, B|ENOKIKT, 7V U MECLI DI REAENFRETHL 2 LD, ITFEREZBELEE
WTWD. OPVOIFEMEEIZRY B—~F L FF 7 x2) (PHD ICRFEENDETGMAE L, [60]7F—1L 2 (C60) D
AR EOBT R ORI N D, ARG, EHEEFZREROES TbIc L5507 4 e o —iilH & Z2Edl
ZRHELIELOT, MMAEERARLLIEFREAAENLRD.

HEEHEIL, WY A X7 VNPT AT VNN, TN, WEWE, BV S QNCHHEE IS E R, AR S
~OSRICAHERARENEZ B2 2E5 T THY, O AT AL REREZEATNISK S ES T & LTIEM
TELHRRICERL, FMBRTNVXNAR—Y—2HTHE /) ~v—, AX 7 VIEEE—7 ¥ /L (CHA) & A X
7 VIVER A F L (MA) OILESREAKR L, 7Y MEBLVC60E D1, 3— WG ERETT T — L &/ R A
2T VNVBT AT V(PR 2B TS, H1IETR I VINVEGEEANTRY v~ —2 AL, o7k koMM
Ik A EE L CEFZRRE L TOEANREEZHL LTS, H2ETIE, X0 &EE LGS THEHE 24
LT, T=4YE/RICLVDTEOHIE SNV VA X I F v 7 (st-DBLOA VY E I F v 7R ~—(it-F) %
Bl B FESHPTN LD, 75— L AMEHRT%R TONFEELOBIBEG R T-fER, 77— VB
BEOT Y REPIIIL, 2 - BIEBEZ KT 2RISR DR THET DL L bW LN LTVD. st-F X
P3HT & DILEF M CTH D 7 mr AL A0 ML /e EOPHAEESNIC S TWEMMEEZ L, 77—V U OEHEFEIL
IHNETTRLEWKAOWHIZET S, —F, 1t-PRIXHAEMBMENKS, 2 bR ) ~— ORIk 5 LRI M
DEEEZFH LTS, FI3ETIE, ERTHERNI~—DI L, BHIEICENTZat-F, st-FORMEZFEML, KI5
BHLA~DIE I DV THRF LTV 2. Wb AR 5 43 #1338 (LUMO) D = R L F—HEG7 A3 [60] 7 F— L 2 K D
0.2~0. 4eVIE L&V, E-P3HTOLIMOL V) F43K<, 7 L ROBGIE RN~ L IZITRETH L b, &
TEZREE L TR EZTRTZEEZHLMNMILTWD. 51, FTMBEKEE (AFW 12 KX 2R mBEBEN S,
st-F 1Zat-FICHNTP3HT LIRA LB, L0 BMAREL 740 —2RT 2 AHLTWS. ZRHLDORY v—
ERAWCKBEMEFZ2ERL, +ORERBEEZBIEE>THRNLOO, FHOBKELEEZHETWS.

FAETIY, EAVARY—OWHEXARL, BT RBIOMEGEEZ L BICHT 2R RN TR FIZORNRL 7
Vo s K7 a7 HBEAKROBKRFEICHIR YA TS, CIMAE S U IUR#E LT 7 U LR T a L)L DE
J =BT =AU HEAEREL, a7 BRIEICERNR 2 U v 7 FISIC XK T, EE»OZIRIIAE A
TEHZLEZHLMITL TS,

PLED X DICRGRIE, 724 EAIC L DEA GO ERFE R D@ T ORBBARICSIE L, &y 1%
HHERBEMMEIORRERKL, SWT7I7— Lo EREELETIHRETZAMER) v —OGRICEHTH L L b
2, TONREREOTM, 7Ly ROENLT 40 U—BlEE, BHE TR C oMM E CEL, &1 DEK
- W - HEREIC R 2R IAWVIFZRIC I D LA TIERIC AR VAR Z EIF T Y, it (L% oA e LCTlifid %
HOLEDLIND.




