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Conjugated polymers and oligomers have attracted great interest 1.5 | . . .
in recent years due to their potential applications as organic light
emitting diodes (OLEDs), field effect transistors, and luminescence
sensorsg.Water-soluble polyfluorenes with amphiphilic side chains
have also been the subject of much interest due to their ability to 1
form complexes with dyes and biomacromolecules, including DNA,
which results in dramatic changes in their optical propeftfeEhe
specific spectral shifts resulting from this form the basis of a
sensitive probing technique for oligonucleotides. Self-assembly 05 |-
properties have also been demonstrated by polyfluorenes in several
studies, with the resulting structures showing characteristic optical
propertiest—® Excitonic states of fluorene derivatives have been
intensively studied in view of their possible application in “pure” 0
blue OLEDs, which has been demonstrated in various devices.

Their emission spectra have often been observed to contain weak Wavelength / nm
“green” emissions in the solid state, whose origin is thought to be Figure 1. UV—vis absorption and fluorescence spectra of Am-F3 and

“keto-defects” in the fluorene units, as well as inter- and intramo- DHF3. Absorption spectra were recorded for solutions with a concentration
lecular exciton state&s of 4.0 x 10~ mol dm 3 in THF containing 20% MeOH (solid line), MeOH

. . . containing 20% THF (dashed line), and® containing 8% THF (dotted
Oligofluorenes are more than simply analogues of conjugated jine) Flyorescence spectra (blue and green lines) were recorded for solutions

segments in the polyfluorene backbone; the oligomers themselvesat a concentration of 8.5 10-5 mol dni3 in THF or H;O containing 8%
possess unique electronic and photonic properties arising from theirTHF.

discrete structuresAmphiphilic oligofluorenes are good candidates D) is 10 times larger than that of DHF3 (0.25 D), which is lower

for investigation of intermolecular interactions between fluorene . .

. . . than the averaged dipole moments of all solvent systems used in
units because their molecular aggregatlon can be controlled bythe present study. This is the cause of the gradual red shift observed
external polarnonpolar solvent f'.eld.s.' In.the present paper, We for Am-F3 by solvent-molecule dipole interaction. The oscillator
report the synthesis of an amphiphilic trifluorene (Am-F3) with strength of Am-F3 molecules, calculated by numerical integration

n-hexyl aqd hydroxyethoxymethyl side chains, as wgll as a i the range of 24 eV, increases with solvent polarity, reaching
hydrophobic analogue, perhexyl trifluorene (DHF3). Their optical a value almost identical to that of DHF3 in THIF,O solution.
properties are discussed in terms of molecular configuration in rpis gypnorts the contention that the total number of fluorene units
various solvent systenfs. _ _ _contributing to conjugation is equivalent in DHF3 and Am-F3, with
Am-F3 and DHF3 were synthesized by a Suzuki cross-coupling pm_g3 taking the planar form in the THFH,O mixture.
reaction, as shown in Scheme'®lMelting point of DHF3 was The fluorescence spectra of Am-F3 and DHF3 are also shown
determined at 370 KAH = 54 J/g), and Am-F3 showed only i, Figure 1. The fluorescence peaks of Am-F3 in THF appeared at
isotropization temperature at 399 K AHis, = 2.8 J/g). For 350500 nm, with DHF3 showing a similar spectrum. In contrast,
investigation of molecular aggregates, a dilute solution of Am-F3 \yhen Am-E3 in THE (or acetone) was added to a strongly polar
in THF at 5.0x 10~ mol dm~2 was poured into water, and a quartz solution, such as D, the blue emission around 400 nm was
substrate was dipped in the resulting solution. Atomic force gramatically quenched. In addition, the 400 nm band was shifted 7
microscopy (AFM SPI-4000, Seiko Instruments) was used for direct nm toward the longer wavelengths, and another strong emission
observation of nanoparticles transferred onto the substrate. band appeared around 540 nm. The relative intensity of the blue
The UV—vis absorption spectra of Am-F3 and DHF3 in various  and green emission bands showed no change in Am-F3 solutions
solvent mixtures are shown in Figure 1. The transition energy of varying in concentration from 5.8 10-7to 1.0x 10-4 mol dnv3,
UV —vis absorption Ea) for DHF3 wasEx = 3.50 eV in solvent  wiith fairly clear green emissions observed even in the most dilute
mixtures of all polarities, but the spectra of Am-F3 showed a gradual of these solutions. Emission quantum yiejj vas determined as
red shift with increasing solvent polarity, witf, decreasing from ¢ = 0.75 for DHF3 in THF, 0.55 for Am-F3 in THF, and 0.3 for
3.62 to 3.49 eV. It has previously been suggested that a neutralAm-F3 in THF—H,0, respectively. This suggests that the effect
1-D singlet exciton state results from-z* excitation in steady- of free intermolecular excimer formation via diffusion processes
state conditiong®°0:11this model suggests that ti& value and in the solution system is negligible; thus, the green emission was
the oscillator strength of the band correlate with the effective con- attributed to the excitation of steady-state molecular aggretfatés.
jugation length along the oligofluorene backbone and the planarity This is also supported by the low-energy optical transitiofi £V)
of the fluorene units. The calculated dipole moment of Am-F3 (2.47 of the Am-F3 absorption spectrum in THH,O, reflecting the
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Scheme 1. Synthetic Process for Am-F32
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aReagents and conditions: (i) acetyl bromide, 1,3-dioxolane, DMFQ® h; (ii) 2-bis(pinacolatoborol-2-yl)-9'@ihexylfluorene, KCHCO,, PdCh,
1,2-bis(diphenylphosphino)ferrocene, DMF, 80, 5 h; (iii) [CsHsN(CHs)3]Cl, aqueous NaOH, 1-bromomethoxyethyl acetate, DMSC&®7 h; (iv) Pd
(PPh)4, 2 M K2CO; (ag), NaOH, toluene, 86C, 27 h; (v) NaOH, THF, 50C, 10 min.

Supporting Information Available: Experimental procedure,
complete ref 9, and spectral data for compounds. This material is
available free of charge via the Internet at http://pubs.acs.org.
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