#E1—3—1

MXNAEE (Fn30)

2019 FEEANY: KFERELHERRR
L A T AT
K 4 HH EBX

w3 M OH SCRRICEREREAET L EERSTOEMEPSET Ny bEAfH-
A 7Y v FREGEMBE A~ DA

AZNFRSCIZE I, 88T T L PSR CHHET By b Qs) & OEHENLIC L 54 T
M7y FHEIOBRZ S L, a0 TOSRMERER L, MEART Fy b(EPbS-QD) LA
Uy B, SR, e a3, B LU EORMIA R ToTs, PR, EERES
FOREARSRERERSL, 7Y v MUSKIT DR T4, BL U ERAHCERE Y T, AERNEE K
B TR ORKEIENE, AR o35 BATevaiht, 10 - BEHAERZQsIf S EL LT, 4y
| OB BHIPES-ER A 7V » PR BIOBIRZ T T

EETL HER) R ORSEEEES T L O 7Y v MU B A EPNR OB AL L,
AZERRSTGEDELE, MBS, BLOFHE YW Galls

RO, B TENL TR E Y C. PhS-QOMEREHIEOIERE L OB O HAREDRE LA
{Tot, TR, Fy bA v Pxy va ARCE VG A VA A% 7 OPbS-QD (PbS-08) & FA—
NEERT DV ATA vy NTEFAVATA Y, $133-ANAT N 7o F A BROKEHHE T
B & ZOT 2B ORI A A TR o T, FORER, AT AEN T Lo CHUE TSRO
P BHNT-Ds O Rir D 2 LV ole, Fic, #Rx AEREREE G &N TR EME A
U BT T ARSIGEAT o TR, FA— NIRRT A EBR G E RN E OH UG TGRS L
70 BLEED . PS-QDOARITIT, B FA 1T DU B O ERERA 5 2 HRZE DT
BN Lz,

EoEOL pBERESFOEEIEHATIRY G- ~F I FA47 =) (P3N BN AT HPbSQ
DINGZ2 B FHRATE B N T v FHMEIOERETT o7, SR A4V #% A9 5P3UT (P3HT-SH) &PbS
~0A & DEMFFATHRZAT D T & T, A=8AE 0 T-WsD/~ 7Y REHEHP3HT-SH: PbS-QD) DEHUTHID THED
L7 #554u7-P3T-SH:PbS-QD (70:30, wiw) b, R T C8%4 Al L7-# Ch A BAT Bt A
Lize Z 055t T—EeE Ui V2 V- ChH B S, QsO4 R Hickit s n idma Ao kb
KB OA R EZ R L=, E/, PHT-SH:PbS-QD (70:30, wiw) &F7F LA 2 Rt R o a8 (K
T (N2200) & b2 67 Ly NililEE V7 ~T ol BH)) BYOJCEAHE LA T
A AR - 3Tl L7 & = 5, PSHT:N22007 Lo Rilss Fl Viia L EHiR U C, L — 2SR (P
CEMIAMIL TfEm B2 Z E L E ol

SINEEGIY, AMBLE ) ~— LBBEIE ) ~— b & FV i Mi gi taKosugi-Stilleh v 7' ) » FEHEAT:
WL AR SN AnBNEEAR ) =—LPS-D ED N 7Y » REETH Z & T, X DIIEOS. iR
MY v BHEOBRE B Li-, nBEERES 70T 77 L U4 < FEREER Y ~— PNI) OEG
BLUBEARRERER LSO HRRTEAT 5 = & T, BROERIMTTF A/ 445 2PNDL (PNDI-SH) DAL
(ZHEh LTz, RUNT, PNDI-SH&PLS-0A & OB FASHIGC LY | B SEAE /T LPbS-QD L D B72 D3




-~ 7 U PR (PNDI-SHPES-QD) DERUICREIL 2, PDI-SH:PbS-QD(70:30, wiw) OFHEESIE~
OSPERRR Lo k- A, R AR DU ERCHERRLIVT, fi T R aaii & RS %2
TUE, ZhUL, BEEOPMIRE @R, PDLIZLAWsEHOBEFNRIC L b0 LMEEENS, B
EE R FEABHOPBDB-T & PNDI-SH:FbS-QD (70:30, wiw) 2D Lo NEEs A\ /- BHI B - s ~ g
Vv FAREEM AR - Sl L 25, BSOS TEERFOPNDLE AV VoE& S Bk LT, #1. 3H%OPCE{E
DI EASERE S U,

ERECH, ARSI RSN HIR S BRI OO GRIE L,

LUE, s GRS TENIT & Ws & DA 7Y o RSB L 2o O oA~ &K -
FEFEED F L— N 7 ORBMREIEE TS TR O H S ET B~ Y RERROBIR RS LT
F7, SRRSO T AN A R OB MigitaKosugi-Stilleh v 7 L T EREGIACEE D
< n BB DT OEIRETFT AN ALLPOS-Q~DAA 7Y v FUCET B F R R Lo EsmiTkE v, K
WEECRLIVERGRN, B~ 7 v RGP EOBSHE OB IIZAS b D THS, 5, ¥
BEATFER, DBk, BXW 7T v USRI AHMBREIR & Sk ezl v, SbicEho L
2 ho= i AREIOBRRERIRE D,




1—3—2

MXNAEE (330

20194FEEAE KPS
TR AT NE

K4 EW EA i@i

=% O RE H Synthesis of Chain-End-Functionalized Semiconducting Polymers and Its Applica

tion to Organic-Inorganic Hybrid Solar Cells Based on Lead Sulfide Quantum Dots

In this thesis research, organic-inorganic hybrid materials are developed by direct co
ordination of semiconducting polymers with lead sulfide quantum dots (PbS-QD).

In Chapter 1, the research trends are reviewed on the hybridization of semiconducto
r nanoparticles of quantum dots (QDs) and semiconductor polymers. Significance and
novelty of this dissertation research are also described.

In Chapter 2, a facile synthesis method of PbS-QD was developed by optimizing th
e chemical structure of the small molecular ligands. In fact, the ligand exchange was
carried out in a bilayer solution system using PbS-QD with oleic acid ligand (PbS-O
A), obtained by hot injection method, and water-soluble low-molecular-weight compoun
ds of _-cysteine, N-acetyl-_-cysteine, or 3-mercaptopropionic acid with thiol groups. As
a result, it was found that the reactivity of the ligand exchange and the dispersibility
of the obtained QDs were completely different depending on the ligand used and the
reaction proceeded only when aromatic compounds with thiol groups were used.

In Chapter 3, a novel organic-inorganic hybrid material consisting of PbS-QD with
a p-type semiconducting polymer, head-to-tail regioregular poly(3-hexylthiophene) (P3H
T) as a ligand, was synthesized. By ligand exchange between thiol-chain-end-functional
ized P3HT (P3HT-SH) and PbS-OA, I succeeded in synthesizing a hybrid material of
semiconducting polymers and QDs (P3HT-SH:PbS-QD) for the first time. The obtained
P3HT-SH:PbS-QD (70:30, w:w) showed good dispersibility in organic solvents even a
fter 8 months in air. Organic-inorganic hybrid solar cells were also fabricated and eval
vated using a blend thin film of P3HT-SH:PbS-QD (70:30, w:w) and an n-type semico
nducting polymer (N2200) with a naphthalene diimide backbone as a bulk heterojuncti
on (BHJ) type photovoltaic layer. It was found that the power conversion efficiency (P
CE) value was improved by approximately 1.7 times compared to the case using P3H
T:N2200 blend thin film.
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In Chapter 4, I aimed to develop more versatile organic-inorganic hybrid materials b
y hybridizing PbS-QDs with n-type semiconducting polymers synthesized by the genera
1 Migita-Kosugi-Stille coupling polycondensation using AA- and BB-type monomers. T
he polymerization and chain-end functionalization of n-type semiconducting polymer co
ntaining a naphthalene diimide backbone (PNDI) were investigated, and thiol-chain-end
-functionalized PNDI (PNDI-SH) was successfully synthesized. The dispersibility of PN
DI-SH:PbS-QD (7G:30, w:w) in organic solvents was evaluated and no precipitation or

degradation was observed even after 8 months in air, indicating its excellent dispersib

ility and atmospheric stability. This is presumably due to the coating of PNDI on the
surface of QDs, as in the P3HT system described in Chapter 3. BHJ-type organic-inor
ganic hybrid solar cells were fabricated and evaluated using a blend of PBDB-T, whic
h is a highly efficient p-type semiconductor polymer material, and PNDI-SH:PbS-QD
(70:30, ww).

Chapter 5 summarizes the findings and results obtained in this dissertation research.

In summary, I have succeeded in developing new organic-inorganic hybrid materials
that have a potential to cancel the trade-off between dispersibility in organic solvents
and optical and electronic properties, which has been an big issue in the field of hybr
id materials of small molecular ligands and QDs. 1t is also significant that I proposed

a methodology for the chain-end-functionalization of m-conjugated polymers based on
the Migita-Kosugi-Stille coupling polycondensation and their hybridization to PbS-QD,
which is highly versatile and can be applied to various semiconducting polymers. The

results obtained in this study will help to establish the design strategies for organic-i
norganic hybrid solar cell materials. Further development of highly efficient electronic

materials is expected through material sclections/develpoments and optimization of cond
itions in the synthesis of semiconducting polymers, QDs, and hybridization.
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