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A novel conjugated polyfluorene/polphenylenevinylene) copolymer containing the pendant bis(4-
alkoxyphenyl) groups in the C-9 position of every alternating fluorene unit has been synthesized and
well structurally characterized. The photoluminescence spectrum of this polymer exhibits strong
concentration and excitation wavelength dependence in solution. The excited triplet-state maximum of
polymer occurs in the region of 4640 nm with a lifetime of 65.8:s. This copolymer displays a
minor positive nonlinear absorption at the focus of the laser irradiation, suggesting possible reverse saturable
absorption. The stable electroluminescent spectrum of the polymer light-emitting diode device based on
this copolymer (device configuration, indiuntin oxide/Au/copolymer/LiF/Al) was obtained with a peak
wavelength of 515 nm. The bright-green emission observed over the whole active area of the copolymer
closely resembles the photoluminescence of the most concentrated solution (0.5 M) used. This suggests
that chain stacking in the solid state is responsible for the observed green electroluminescence.

Introduction optical limiter, one of the NLO devices, which are currently
of significant interest, is just such a device that strongly
attenuate intense optical beams while exhibiting high trans-
mittance for low-intensity ambient light levels. Basically, an

The ability of nonlinear optical (NLO) materials to
transmit, process, and store information forms the basis of

emerging optoelectronic and photonics technologiesy., . A . .
ging op P gieg efficient optical limiting material should have a larger ratio

optical communications, high-speed electro-optical informa- £ th ted- t d-state ab " "
tion processing, high-density data storage, phase conjugation? e excited- to ground-state ahsorption cross sections (

S . : = 0ed00), a long triplet lifetime with respect to the pulse
holography, spatial light modulation, short optical pulse _ e C 2 .
generation, and all-optical switching as well. There are width, and a high intersystem crossing quantum yiditany

already a large number of articles concerning the design andfunctlonal materials such as fuIIerer?es_ark;on nanotubes,
polymer/nanotube compositégporphyrins? and phthalo-

preparation of new NLO materials over the past more than 0 L C T S

three decades; however, only a few appropriate nonlinear?yanmesl’ which exhibit h.'gh dissipative ext!nctlon non-
materials required for the practical NLO devices, including linearity, fast response time, large dy”am'c range, anpl
optical limiting devices, were available until now. This has broaqlband spegtral_ response, have bee_n W|del_y St“_d'?‘?' With
been a primary barrier to the development of these optical the View to reallzathn of pracﬂcal_passwe opt|_ca| I|m|t|r_lg
devices?* To protect optical elements, optical sensors, and appllcatlo_n. Pfepf’?ra“or.‘ O.f the required NLO _actlve materials
human eyes from debilitating laser effects, the intensity of fqr ;;r actltcalh oppcelll rl:n:l'ter;’é lr;owever, still presents a
incoming laser light has to be opportunely redugesh signiicant chemical chaflenge:
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The tunable electronic and NLO properties, low manu- chromatography unit interfaced to a Water 410 differential refrac-
facturing cost, and high degree of processabilityrefon- tometer using THF as the eluent and linear polystyrene as standard.
jugated polymers, e.g., polythiophene, polypyrrole, polyflu- The texture of the polymer was observed with a polarizing
orene (PFO), and polg{phenylenevinylene) (PPV) make Microscope (Axiolab Zeiss).
them promising candidates as advanced materials for the Fluorescence spectra and lifetimes were measured by a single-
development of optoelectronic applicatidhsuch as pho- photor)-counting method usiqg an argon_ion laser, a pumped Ti:
tovoltaic cells, biosensors, light-emitting diodes, transistors, SaPPhire laser (Spectra-Physics, Tsunami 3960, fwhm 150 fs) with

lasers, conducting photoresists, switch elements, and data@ PUISe selector (Spectra-Physics, 3980), a second-harmonic genera-
proceésors in computing syste,ﬁﬁéz Of the Conjl,Jgated tor (Spectra-Physics, GWU-23PS), and a streakscope (Hamamatsu

| . d ab h IVl . _Photonics, C4334-01). Each sample was excited in deaerated
polymers mentioned above, the polyfluorenes are attraCt'Veanhydrous toluene with 410-nm laser light. Nanosecond-transient

due to high photoluminescence and electroluminescenceapsorption measurements were carried out using third-harmonic
efficiencies and their high chemical and photochemical generation (THG, 355 nm) of an Nd:YAG laser (Spectra-Physics,
stability. The polymerizations of the rigid fluorene mono- Quanta-Ray GCR-130, 6 ns fwhm) as an exciting source. For
mers, in which two phenyl rings are locked into a plane via transient absorption spectra in the near-IR region {6080 nm),

the C-9 carbon of the fluorene units, can be realized throughmonitoring light from a pulsed Xe-lamp was detected with a Ge-
Stille,** Heck}* Wittig,'® Yamamotol® Grignard!” and avalanche photodiode (Hamamatsu Photonics, B2834). For the
Suzukt® coupling reactions. The facile functionalization at Visible region (406-1000 nm), a St-PIN photodiode (Hamamatsu

the C-9 position of the fluorene unit may offer an opportunity Phon_lcs, 81722-92) was employed as a detector. The picosecond
to reduce the interchain interactions thereby improving the transient absorption spectra were measured by the pump and probe

. - . method using a Ti:sapphire regenerative amplifier seeded by SHG
NLO response and optoelectronic properties of the resulting of Er-doped fiber laser (Clark-MXR CPA-2001 plus, 1 kHz, fwhm

pO'YmefS- Recently Chou and Shu dgveloped a simple way 150 fs). A white continuum pulse used as a monitoring light was
to introduce 4-hydroxyphenyl functionality to the C-9 generated by focusing the fundamental of the amplifier on a rotating
position of fluorené? The main advantage of the use of an H,0 cell. The samples were excited by SHG (388 nm) of
extended 9,9-bis(4-hydroxyphenyl)fluorenyl core in the po- fundamental or output of OPA (Clark-MXR vis-OPA, 560 nm).
lymerization reaction is that the insertion of a rigid phenylene The monitoring light transmitted through the sample in a rotating
spacer between the large side chain and the polymercell was detected with a dual MOS detector (Hamamatsu Photonics,
backbone may lead to a more efficient shielding effect on C6140) equipped with a polychromator.

the polyfluorene main chain, which would suppress the All Z-scan experiments were performed using 6-ns pulses from
formation of aggregates/excimé‘hwhile not blocking the a Q-switched Nd:YAG laser. The beam was spatially filtered to
reaction sites of the macromonomer from the palladium- remove the far field and tightly focused with a 9-cm focal length
catalyzed polymerization reactidhHerein, we would like lens. The Iase_r_was operated at its second harmonic, 532 nm, with
to report on the synthesis and some of the photophysical? PUISe repetition rate of 10 Hz. All samples were prepared by
and electronic properties of a novel conjugated PFO/PPV dissolving the compound in a suitable common organic solvent

L. . (toluene or chloroform) at 0.5 g/L and sonically agitated until
copolymer containing the pendant bis(4-alkoxyphenyl) groups completely dissolved; homogeneous solutions were formed. All
in the C-9 position of every fluorene unit.

measurements were performed in quartz cells with a 1-mm path
length.

Experimental Section Fabrication and Measurement of a Polymer Light-Emitting
Diode (PLED) Device.Gold (1 nm) was evaporated (Edwards
Autovac 306 Coating System) onto indiuftin oxide (ITO) at a
rate of 0.2 A/s to provide the hole-injecting contact. Polymer
was then spin coated fnoa 5 g/L chloroform solution at 900 rpm.
The thickness of the film was found to be (304) nm using atomic
force microscopy (AFM, Digital Instruments, Nanoscope llla) to

differential scanning calorimetry (DSC) curves were obtained on perform a step-height analysis. A thin layer (1.2 nm) of LiF was
the Perkin-Elmer TGA-7 and DSC-7 instruments. respectively. Gel deposited at 0.1 A/s followed by 100 nm of Al evaporated at a rate
u , Fesb y: of 2 A/s under a pressure of 8 10-® mbar to form the electron

permeation chromatography (GPC) was measured on a Waterslnjecting contact. The device area predefined by the shadow masks

used is 0.06 ci The devices were contacted using a test rig with
(11) Egbe, D. A. M.; Tillmann, H.; Birckner, E.; Klemm, Blacromol. gold-coated spring probes. Curremnbltage data were obtained
Chem. Phys2001 202 2712. ; ; [
using a Keithley 2400 source-measure unit interfaced to a PC. The

(12) Leclerc, M.J. Polym. Sci. A: Polym. Cher2001, 39, 2867. : . . S .
(13) Dhanabalan, A.; Hal, P. A. V.; Duren, J. K. J. V.; Dongen, J. L. J. V., €lectroluminescence spectra were obtained using a liquid light guide

General. The operations for synthesis prior to the termination
reaction were carried out under purified argon. Solvents were
purified, dried, and distilled under dry nitrogen. UV/vis spectra were
measured on a JASCO V-530 UV/vis spectrophotometer.Fhe
NMR data were recorded with a LAMBDA 400 MHz spectrometer
in CDCl; solvent. The thermogravimetric analysis (TGA) and

Janssen, R. A. Bynth. Met2001 119, 169. coupled to an Andor 77400 Multispec spectrometer. The luminance
(14) Morisaki, Y.; Chuojo, Y.Chem. Lett2002 194. i i i
(15) Kim. J. K.: Yu_ J. W.. Hong, J. M.: Cho, H. N.- Kim, D. Y. Kim, C. of the Ipol)'/mer4 device wgi measured usmgla callbratre]d Topcon
Y. J. Macromol. Chem1999 9, 2171, BM-9 luminance meter with a Topcon AL-8 lens attachment.
(16) |1_82e,1JO|87 Klaerner, G.; Davey, M. H.; Miller, R. Bynth. Met1999 Synthesis of Polymer 41,4-Divinylbenzene (95%, Aldrich, 1.54
(17) Babudri, F.; Colangiuli, D.; Farinola, G. M.; Naso, Eur. J. Org. mmol), palladium(ll) acetate (99.9%, Aldrich, 0.12 mmol), d¥i-
Chem.2002 16, 2785. tolylphosphine (97%, Aldrich, 0.472 mmaol), tributylamine (98.5%,
(18) Inbasekaran, M.; Woo, E.; Wu, W.; Bernius, M.; WujkowskSynth. Aldrich, 15.95 mmol), copper(l) iodide (98%, Aldrich, 0.02 mmol),

(19) '\éﬁguzogql-%l]élhluz g??l"\/lacromoleculeszooz 35 9673, and anhydrous\,N'-dimethyl acetamide (DMAc, 10 mL) were

(20) Marsitzky, D.; Vestberg, R.; Blainey, P.; Tang, B. T.; Hawker, C. J.; added into a round-bottom flask containing 9,9-bis(4-hydroxyphen-
Carter, K. R.J. Am. Chem. So@001, 123 6965. yl)-2,7-dibromofluorene 2)1° (0.77 mmol) under highly purified
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Scheme 1. Synthetic Route of Polymer 4
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nitrogen. The flask was fitted with a condenser and heated at 170
°C for 40 h under static nitrogen. The reaction mixture was then
poured into methanol (300 mL) with vigorous stirring. After
addition, stirring continued in the absence of light for 24 h. The
orange-brown precipitate was collected by filtration and transferred
to a thimble, where the solids were washed by methanol for 12 h.
The filtrates were then collected and dried to give a yellow solid
(polymer3, 0. 6 g), which was further used to react with excess
1-bromododecane (98%, Aldrich, 8 mmol) in DMF (15 mL) in the
presence of KCOs; (98%, Aldrich, 1.25 mmol) under reflux at 110
°C for 10 h. The reaction solution was then poured into MeOH/
H,O (v/v 3/1) solution. The collected precipitate was washed with
a large amount of water, dissolved in THF, and reprecipitated from
methanol/water solution to give yellow polyméi(this procedure
was repeated at least 3 times). GPC: Mw.28 x 10°, Mn = 2.2

x 10, Pd= 1.95.1H NMR (CDCly): é/ppm= 0.9 (—CHs), 4.0
(—OCH,-), 1.3-1.8 (—CH,-), 6.8-7.0 (pendant phenyl groups),
7.3 (—CH=CH—), 7.5-7.7(aromatic protons of fluorene and
phenylene units in the polymer backbone). UV/vis (in benzoni-
trile: Ama/nm = 427, 450 (shoulder). Photoluminescence (in
benzonitrile; 2.6x 1074 mM): AmafUo/nm = 474, 500 (shoulder).

7t = 584 ps (88%), 1.38 ns (12%).

Results and Discussion

As shown in Scheme 1, the acid-catalyzed condensation
reaction of 2,7-dibromo-9-fluorenong)(with excess phenol
gives 9,9-bis(4-hydroxyphenyl)-2,7-dibromofluorer®,®
which was directly used to copolymerize with 1,4-divinyl-
benzene (95%, Aldrich) through a typical Heck-coupling
reaction to produce polymes. It should be noted that
synthesis employs a 2-fold excess of 1,4-divinylbenzene in
order to remove any residual bromine functionalities, which
might act as fluorescence quenching sites. The two alkoxyl
side chains in the resulting light-yellow polyméare added
by reacting the 4-hydroxyphenyl groups &fwith excess

Chem. Mater., Vol. 17, No. 7, 200663

Figure 1. Polarized optical images of Polymér(a) at room temperature
and (b) after heating at 100 for several minutes.

(POM). As shown in Figure 1, on heating, the solid crystal-
line phase at room temperature is transformed into a viscous
birefringent liquid with a typical liquid-crystalline pattern,
suggesting the formation of the ordered structure. The glass-
transition temperatureTg) of polymer 4 is about 95°C,
which is higher than those of poly(9,9-dioctylfluorene)sl
°C)?t and poly(9,9-dihexylfluorene)~55 °C)?? due to the
attachment of two 4-dodecyloxyphenyl groups onto the C-9
position of every fluorene unit. The TGA thermogram4of
exhibits two weight-loss plateaus. At lower temperatures,
almost no weight loss was observed. The 4-dodecyloxy side
chain in copolymer decomposed first at 36820 °C; its
onset temperature for the thermal bond cleavage is at 210
°C. Then the polymer backbone was subjected to decomposi-
tion at 350-500 °C, where the onset temperature for the

1-bromododecane in the presence of potassium carbonatethermal bond cleavage is at 408. These findings indicated

This polymer is highly soluble in many common organic
solvents, e.g., THF, chloroform, benzonitrile, and others, but
is less soluble in toluene. TH&l NMR spectrum of4 in
CDCl; is consistent with the expected structure of the
alternating PFO/PPV copolymer (see Experimental Section).

The thermal properties of the resultant polyrdewere
studied by TGA, DSC, and polarized optical microscopy

that the resultant polymer has good thermal stability.

The UV/vis absorption spectra dfin dilute benzonitrile
(BN) solution and in thin film are shown in Figure 2. The

(21) Ding, J.; Day, M.; Robertson, G.; RooversMacromolecule2002
35, 3474.

(22) Fukuda, M.; Sawada, K.; Yoshino, B.Polym. Sci. A: Polym. Chem.
199Q 31, 2465.
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Figure 2. UV/vis absorption spectra of polyméiin the dilute benzonitrile N 064
solution (2.6x 1074 mM) and in the thin film. £ 044
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r Figure 4. (a) Concentration dependence of PL spectra of poly#nar
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Figure 3. Fluorescence decay of polyméiin benzonitrile (0.14 mM) at )
474 nm fex = 410 nm). 0.02
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main absorption peak in the UV/vis spectrumias located 460 480 500 520 540 580 580 600
at 427 nm, followed by a shoulder peak at 450 nm. They
are attributed to ther—z* transition of the polymer. By Wavelength/nm

comparison of the thin film and dilute solution UV/vis spectra Figure 5. Nanosecond transient absorption spectra of polyh{érl4 mM)

of 4. it can be clearly seen that the absorption spectrum of in deoxygenated benzonitrile at different time. The excitation consisted of
R .. nanosecond irradiation at 355 nm.

the thin film is apparently broader, but the positions of the

main absorption peaks are almost unchanged. As expectedis quite close to the fluorescence lifetime of typical PPV

the polymer4 exhibits very strong photoluminescence (PL) polymer (about 1.27 ns). Furthermore, the concentration and

with maximum emission peaks centered at 474 nm in dilute excitation-wavelength dependence of the PL spectra of

benzonitrile solution (see Supporting Information). The polymer4 are apparently observed in benzonitrile solution,

fluorescence of the thin-film spin coated onto an ITO-coated as shown in Figure 4. The maximum PL peak is shifted

glass substrate was almost completely quenched due togradually to the longer wavelengths with the increase of the

possible energy transfer to ITO, but the emission peak at polymer concentration from 2.4 10°®to 0.5 M (in repeat

around 500 nm in the PL spectrum dfis still clearly units), suggesting the formation of aggregates (leading to
resolved. Similar observation on the quenching of PL of PPV excimers) in solution. The intensity of the emission band is
spin coated onto ITO was reported by Herold etalhe apparently enhanced in the red wavelengths due probably

quenching of PL means in general that the electrolumines-to the addition of the interchain to the intrachain exciton
cence (EL) efficiency is quenched, t8oTo overcome this recombinatiorf* When the concentration is kept unchanged
problem, an alternative method is to use fluorine-doped tin (0.026 mM in benzonitrile) but the excitation wavelength is
dioxide (FTO¥? or modified ITO instead of ITO substrate. changed from 320 to 500 nm, the PL intensity of polyrier
The fluorescence decay monitored at 474 rigy.(= 410 reached a maximum dt, = 456 nm, which is close to the
nm) in deoxygenated dry benonitrile shows two exponential- red edge of the main absorption band.

decay processes (Figure 3). From the initial fast decay part The nanosecond transient absorption spectrum was ob-
of 4, lifetime (zr1) of the single excited state is 584 ps tained by the excitation of the polymémith 355-nm laser
(fraction of this component, 88%). From the slow decay part light in deaerated benzonitrile, as shown in Figure 5, in which
of 4, the lifetime () of another singlet excited state is 1.38 the rapid and slow components of the decay were observed;
ns (fraction of this component, 12%). The value of the latter both components showed the same absorption band at 500

(23) Herold, M.; Meiner, J. G.; Drummer, C.; Schwoerer, 3.Mater. (24) Ji, W.; Elim, H. I.; He, J.; Fitrilawati, F.; Baskar, C.; Valiyaveettil,
Sci. 1997 32, 5709. S.; Knoll, W. J. Phys. Chem. B003 107, 11043.
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AAbs

0.3 1 polymer4, displaying positive nonlinear absorption.
0.4 4 (b)
05 j j ' ) state absorption maximum appears at around 800 nm; its
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decay is followed by the recovery of the emission at 470
Times/ps nm. The singlet lifetime calculated from the picosecond
Figure 6. (a) Picosecond transient absorption spectra of polymar decay shown in Figure 6b is about 591 ps, which is quite

benzonitrile (0.5 mM) at different times. From bottom to top: 40 (black At ;
curve), 400 (red curve), 1000 (blue curve), and 2000 (green curve) ps. (b) close to the fluorescence lifetime of the first component (

Absorption-time profiles of4 in benzonitrile (0.5mM) at 475 (black curve) ~ — 984 ps) previously mentioned.
and 800 nm (red curve), respectively. The open-aperture z scans performed in this study in all
cases exhibited a reduction in the transmission about the

slow decay at 500 nm, which is attributed to triptetiplet focu; of the lens. .This was ty-pic_al of an indgced .positive
(T—T) absorption in this polymer, vanished, suggesting that nonlinear absorption of the incident light, in this case
the energy transfer takes place from the triplet excited states2SSUmed to be due to reverse saturable excited-state absorp-
of 4 to O,, probably yielding'O.. In the absence of Othe tion. Herchet® conducted a general analysis of saturable
slow decay rates depend on the laser powers, suggesting th@osorbers using a three-level scheme. This theoretical
intermolecular =T annihilation is due to the collision analysis of excited-state absorbing materials and optical
between the highly concentrated triplet states. limiting was further adapted and advanééd® Nonlinear

optical coefficients were calculated fodCan established
optical limiting absorbet!3?in order to compare the resulting
NLO properties of polyme#. Upon initial analysis of the

The rate constants of first- and second-order kinetics were data from the z-scan experiment, the copolymer displayed a
separately evaluated using the following equation minor positive nonlinear absorption at the focus of the laser
irradiation, suggesting possible reverse saturable absorption.
—d[In(AAYVdt = Ak = ki® + (2kile)AA,  (2) This resultant NLO effect was however noticeably less than
that displayed by the & sample as illustrated in Figure 7.

whereAA,, ki°, ander are T-T absorbance dt= 0, intrinsic A low linear absorption coefficientog) at 532 nm, of 0.58
first-order decay rate of the triplet excited state of polymer cm™* for polymer4 (compared with 2.72 cni for Cso), was

4, and extinction coefficient of the triplet absorption band, also calculated, suggestive of a low absorption response. The
respectively. The plot ofAkgs to AA; shows a linear nonlinear absorption noted for the two materials differs only
correlation (see Supporting Information). The intercept gives slightly with polymer4 exhibiting a lower value of (2.1

the valuek:®, from which the lifetime of the triplet state( 0.4) x 1072 cm W1 when compared t@, of (4.7 4+ 0.9) x

= 1/k:% was calculated to be 658, which is much longer 1078 cm W for the Gs. The absorption cross-section ratios
than the laser pulse duration (ca. 6 ns) of the nanosecondk = ge/00) 0f Cgo and polyme# are found to be 5.2 0.6
laser system used for photophyscial measurements. It isfor Cso and 2.86+ 0.4, respectively.

interesting to note that the triplet-state maximundafccurs

in the region of 466-540 nm, which is just located in the  (25) pittman, M. Plaza, P.; Martin, M. M. Meyer, Y. i@pt. Commun.
high-transmittance region in the UV/vis absorption spectrum 1998 158 201.

of the sample (Figure 2). This implies that this region is of g% Hﬁrecsrjeg'_ "X'_ﬁ'gg'l'_ 8‘;&382 2’3?25'65_

particular interest for reverse saturable absorption based(2s) Miles, P. A.Appl. Opt.1999 38, 566.

optical limiting since it ensures that the absorption cross (29) Sheik-Bahae, M.; Said, A. A.; Wei, T.-H.; Hagan, D. J.; Van Stryland,

X . E. W. IEEE J. Quantum Elecl99Q 26, 760.
section of the excited state always exceeds the ground-statgso) o'Flaherty, 5.%.; Hold, S. V.: 800.(, M. J.; Torres, T.. Chen, Y.:

nm. On addition of @ the transient absorption band showing

k-
2 polymer4* —- ploymer4 + ‘polymer4* (1)

absorption cross sectiéh.Figure 6 gives the picosecond 1) :anac_k,FM.Carllld EIaU'JW's Atfv.HMalgtfer. 2\(/)\/033 15, dl% i Dha
H H H . enari, F.; Callaghan, J.; Stiel, H.; Blau, W. J. an ardin, m.
transient absorption spectra and time profiles of polydher Phys. Let1092 199, 144.

in benzonitrile solution. It can be seen that the excited singlet- (32) Tutt, L. W.; Kost, A.Nature 1992 356, 225.
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10, of the small amount of polymet available, the emissive
z layer had to be spin coated at low rpm from a dilute solution
'g 0.8 in order to get a uniform thin film. The resulting emissive
£ o6l layer was measured to be 30 nm thick using AFM. Typically
<7 a more concentrated solution (e.g., 15 mg/L) and a higher
204 spin speed (e.g., 1500 rpm) would result in an emissive layer
g thickness between 100 and 150 nm. The thinness of the
E 021 emissive layer combined with the fact that the polyrer
2 0.0kt y PN device was a single-layer device contributed to the low
200 500 500 700 efficiency of this particular device.
Wavelength [nm] .
0.006 Conclusion
0.005{ ~H—POF A novel conjugated PFO/PPV copolymer containing the
—. 0.004- 7 Pobymerd pendant bis(4-alkoxyphenyl) groups in the C-9 position of
é every fluorene unit was prepared. This polymer is highly
= 0.0037 soluble in many common organic solvents, e.g., THF, GHCI
§ 0.002- benzonitrile, and others. The polymer exhibits very strong
5 0001_' PL with maximum emission peaks centered at 474 nm in
' (b) dilute benzonitrle and a single glass-transition temperature
0.000 - QOO at about 95C. The fluorescence of the thin film spin coated
0 1 2 3 4 5 6 7 8 o9 onto the ITO substrate was almost completely quenched. The
Voltage [V] main absorption peak in the UV/vis spectrum of polymer

Figure 8. (a) EL spectrum obtained for polyme, including the EL is located at, 427 _nm, followed b_y a shoulder peak at 450
spectrum for POF material for comparison. (b) Curreniltage charac- nm. The excited triplet-state maximum of polymfeoccurs
teristics for the polyme# device and an identical device substituting in  in the region of 466-540 nm with a lifetime of 65.8s.

POF in place of the copolymer. Upon initial analysis of the data from the z-scan experiment,
the copolymer displayed a minor positive nonlinear absorp-
tion at the focus of the laser irradiation, suggesting possible
reverse saturable absorption. This resultant NLO effect was,
however, noticeably less than that displayed by the C
sample, indicating a relatively low efficiency of energy
transfer between excited singlet and triplet states with this

- S X . . 4 polymer. The stable electroluminescent spectrum of the
emitting material with high quantum yield either in solution . : . . .

. : . PLED device with configuration of ITO/Au/polymeVLiF/
or in the solid state, was used as a reference material only

for the electroluminescent experiments as it displays no 'sAtIa\(l:vailrf Oczt?r:ZEdoIWrI;Zracﬁaeiiz ivr;/?r:/sIseag(ﬂtg:esii?egmén?bele
intensity-dependent optical response at 53%#Hhe stable 9 POy . P

: . - for the observed green electroluminescence. Although pre-
EL spectrum of polyme# obtained is shown in Figure 8a

with a peak wavelength of 515 nm, along with that from a liminary tests yielded relatively low performance devices,

. ) . . .. future devices using an optimized multilayer structure are
similar device made with POF, which had a peak emission expected to result in much higher external quantum efficien-
at 422 nm. From the PL data in Figure 4, it is clear that the " b 9 q

bright-green emission observed over the whole active area
of the PLED of polyme# closely resembles the PL of the
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This novel copolymer was also used as the emissive layer
in a PLED, which was tested in air at room temperature.
The sandwich-type structure used was ITO/Au/polymer
4/LiF/Al. The polymer, poly(9,9-din-octylfluorenyl-2—7'-
diyl) (POF, obtained from the American Dye Source, Inc.,
product code ADS129BE), a very promising blue light-

(33) O’Flaherty, S. A.; Murphy, R.; Hold, S. V.; Cadek, M.; Coleman, J.
N.; Blau, W. J.J. Phys. Chem. B003 107, 958. CM048451W



