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Thesis Summary (approx.2000 Japanese Characters )

A5 1% IMicroscopic study on fluorescence properties of polyfluorene (BAf&&: % F\ 2R U 7 L4 L v D3 AR
B4 20%E)) LBL, S ETHARINATEY ., EXTEML TN,

% 1 % [General introduction] TiZ n LERE S T OB, N 74 L o ORI 72 IR R,
10N LD RATHRICONTIRAR S Z LT, AFEO B & EELZMRKIZL TVD,

% 2 & [Intrachain aggregates as the origin of green emission in polyfluorene] TiXA Y 7L A L OEATH 5%
EREREDFERICE L THE LTS, KUY 7L F L OB —#ICBIT 52 B8R ETH 5 poly(methyl
methacrylate)(PMMA)E L OB TH % polystyrene(PS) Dt CHllE L, bhiged % 2 & TEMERIZ L - Tikfa
FEHPHBT 2L EZHLNT LTS, £z, PS EIRET TORIERHM: L BERDILEL LS9V PS O b L U8R
B TORMEHEZ LT 5 2 &L TBEDOED/ NSV EERELTND, b, AT T raeHnT
HORI L RO NOFNE IR L FHFMENET 2 2 & T, MEAFENORB FHRENSFAFLELY 100 ~
1000 fF/hE N2t H R U, BB TRENS/ NIV 0D, AR EZRTEERDS H-BERE X
Charge-transfer(CT)MEDEHERTH D Z E ZH LN L TN D,

%5 3 2 [Mechanically induced changes of PL properties in single PFO nanoparticles | TiZAR U Z/v4 Lo o) kit
% JF - ) BE% S5 (Atomic force microscopy, AFM)IZ & > TEE S8, RIS EEEEZRET 5 2 & T, BEIRFT
ST EFERE a2y 7+ A=y a URBRBERICHE X 2EEZREL VD, RY Tt LD
tetrahydrofuran(THF)JIRTE 2> b FILERIEIC L 0 | S X059 27 nm D F ki Cn 5, EBRFEFR E LT 1uN
ETCONEF /RFITMZD &, #ERHEIEESNDZ L, MZ D% SUN FTRELTDH L, HIEAXT bR
ZAE L, FOLMESEMT 5 2 L 2WiE L TWD, WLEFEESLELARY BAOZEAE, 1N £ TOH TR
DTHMEERANRKRELS 2D, HEXYA b~OZ L F—BENMEME S5 2 & THADEH S, 5uN D 1%
MZBELODDBHET AL ENOHEBDOT T AHET AL bDNERT D2 LI 27 Mo bk
REOHMMA RSN EMHA LTV, ZOREREOE(IT, VT 7o VA TERALNT, T/ hitovy
TRWNNVG T ANVBEDINENoTeZ e, FIRTOERDO LT INHEETHLZ LA RN LT,

%% 4 = [Simultaneous nanofishing and SMS study of single m conjugated polymers: Towards the direct control of
conformation and fluorescence properteis] Tix )/ 7 4 v ¥ > 7 EMEIN D B— O &S O WK Z2 R & AFM
DA FUNR—IEFRIRES S, BlomRkY RIFAFEEAAWT, ar7 4 A—va vl cEsZ Lzl
BELTWD, AR LEmRMmT X bR 7 Ad Lo e 7 7 RERIGT D AR VR TEREAEH LAk
WEAFM DI FUN—2HNDZETH ) 74 v TETVD, FRELT R 7L LU BE—HER ok
D EFDZ LT BEERRCROMRERIEPERT L LE2WELTWD, 74— AN =TI FRATFT M oA
TV TICHRT DI RE— I BEN I LD, B2 ECRERICORK & L TRE L H-EERNFEE
LTWBZEZHOLMNILTWS, ZOEHBENOZX Y Ay TV TRV F—(E)H 093eV THDHZ &%
R, BALFEHAEZ AW CTHRAICHE L7z Ec (0.33eV) EITVMETH 5726, W18 TEIEAIC Ec OREIZHEE)
LEEZea@ELTVND, SBIT, TA—AN—T 2N T52 LT, RY TVF L DF A ~—DOWEITIA
DhHDHZ e BT EOMDERINIRKOT EATHBEEE X5 LEHHLMNIL TN S,

%5 5 % [General conclusion] TIXZMFE TR R ARG L., S HIZEBRDREIZOVTRRTNS, =
NEET DITKGRIL T, AV 7 L BT Dk aF I DOJRR A I H-EEEIR & CT DRERTH D Z &,
AFM IZ L 0 TR AEAER 2T 5 2 & THRFENEILT 228, T/ 70 v v T L BTt E A
BOEDZ LR ar T4 A= a VERIE LB RN RETE DL, 74— AI—T b Xy

Moy T TN =2 HEETE L EEMALMNI L, £, ZNOORRERE X T, AR,
ERIPWEARIEMER Y LA L O TRFANARTH L L, MEREDTOTFT VR THEIE—L
LTUSHTE S Z L, HEREN T ORNFERIFHIRIIC LV HITE 222277 L TEBY . LFERHT
WL EBEMRT D L ZABRKE,

fii%  AICE R, T3 2000 F & 330300 Fiz RS ORET D0, b L<IFI800 7% 1B L T ZS0,
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The purpose of this study is to use single molecule spectroscopy to get detailed insight into how conformations and
interchain interactions affect the fluorescence properties of polyfluorene (PF), and conjugated polymers in general.

In chapter 1I, fluorescence properties of single PF chains dispersed in several kinds of environment were studied to
elucidate how aggregate formation and oxidation affect the appearance and properties of the green emission band (g-band).
Larger fraction of single PF chains showed the g-band in the poor-solvent matrices, and only very small fraction of single
chains showed the g-band in solution in ambient air, indicating that aggregate formation, as opposed to oxidation, is the main
cause of the g-band. Small oscillator strength and two long-lifetime components of the g-band obtained by measuring
lifetime and fluorescence quantum vyield indicate that H-aggregates and charge-transfer-like aggregates are responsible for
the origin of the g-band.

In chapter 111, a combined fluorescence and an atomic force microscope (AFM) were used to mechanically manipulate the

photophysical properties of PF nanoparticles. Applying the force of 1 uN by the AFM cantilever on a single nanoparticle
induces a decrease of photoluminescence (PL) intensity without any spectral change, indicating that the force-enhanced
interchain interaction promotes energy transfer as well as formation of quenching sites. When the force increased up to SuN,
the PL spectra changed from B-phase type to glass-phase type, and the overall PL intensity recovered to its initial value due
to conformational change from the B-phase to the glass-phase.
In chapter 1V, this concept is further extended and developed into mechanical manipulation of photophysical properties on
true single-chain level. Functionalized PF chains were chemically attached on each side to a substrate and the AFM tip,
respectively, and simultaneous fluorescence and force spectroscopy were carried out on single PF chains. Upon chain
stretching under photoirradiation, force-curve peaks were observed that were ascribed to excitonic coupling between PF
segments of a folded chain. Analysis of the force curves provided excitonic coupling energy (J) of 0.93 eV. This value is on
the same order as a theoretically calculated J, indicating that exciton coupling energy between PF segments was directly
measured in these experiments. The results show that combining single molecule spectroscopy and atomic force microscopy
is a powerful tool to investigate the effect of conformation and interchain interaction on photophysical properties of
conjugated polymers.
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