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A novel oxdiazole-containing polyfluorene copolymer (PF-OXD) was synthesized by
attaching two electron-deficient, 4-tert-butylphenyl-1,3,4-oxadiazole groups onto the C-9
position of the alternating fluorene unit to form a 3-D cardo-structure. This polymer possesses
a very high glass transition temperature (Tg: 213 °C) and very good thermal stability due
to its rigid cardo-linkage. The results from the photoluminescence measurements of the
isothermally heated PF-OXD thin film (150 °C for 20 h) show that the commonly observed
aggregate/excimer formation in polyfluorenes is very effectively suppressed in this polymer
due to its 3-D structure and high Tg. A double-layer LED device using this polymer as the
emitting layer shows a bright blue emission with a low turn-on voltage at 5.3 V and a high
brightness of 2770 cd/m2 at a drive voltage of 10.8 V. The maximum external quantum
efficiency is 0.52% at 537 cd/m2 with a bias of 7.4 V. The improved device performance over
that of poly(9,9-dioctylfluorene) (POF) may be due to better electron injection and transport
in PF-OXD and the efficient energy transfer from the OXD side chain to the polyfluorene
main chains.

Introduction

Since the discovery of polymer-based light-emitting
diodes1 (PLEDs) in 1990, considerable progress has been
made in the development of new conjugated polymers
and exploration of their applications in displays.2 Or-
ganic light-emitting polymers are attractive because of
the flexibility of fine-tuning their luminescent properties
through the manipulation of chemical structures, and
the feasibility of combining spin-coating and printing
processes for large-area flat panel displays. In full-color
display applications, a polymer with a large energy band
gap that can efficiently emit blue light and can also
serve as the energy-transfer donor in the presence of
lower energy fluorophores is highly desirable.3 Poly-

fluorenes (PF), with their high photoluminescence (PL)
and electroluminescence (EL) efficiencies, are among the
most promising candidates as blue-emitting polymers.4
The facile functionalization at the C-9 position of the
fluorene unit provides the opportunity to improve both
the solubility and processability of the resulting poly-
mers, while offering the ability to reduce interchain
interactions5 and cross-linking side reactions.6 It also
offers a good mechanism to improve the charge-injecting
or -transporting properties of the polymers if either an
electron- or a hole-transporter can be directly attached
onto this position. Herein, we report the synthesis and
characterization of a fluorene-based alternating copoly-
mer containing oxadiazole moieties with their phenyl
end group directly attached to the C-9 carbon in every
alternating fluorene unit. Our motivation for the syn-
thesis of this novel copolymer is 3-fold and can be
explained as follows. First, because PF has been proven
to be a better hole-transporting polymer, the incorpora-
tion of an electron-deficient oxadiazole group will result
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Chem. 2000, 10, 1471.

(3) Kido, J.; Hongawa, K.; Okuyama, K.; Nagai, K. Appl. Phys. Lett.
1994, 64, 815. (b) Kido, J.; Shionoya, H.; Nagai, K. Appl. Phys. Lett.
1995, 67, 2281. (c) McGehee, M. D.; Bergstedt, T.; Zhang, C.; Saab, A.
P.; O’Regan, M. B.; Bazan, G. C.; Srdanov, V. I.; Heeger, A. J. Adv.
Mater. 1999, 11, 1349. (d) Chen, F.-C.; Yang, Y.; Thompson, M. E.;
Kido, J. Appl. Phys. Lett. 2002, 80, 2308.

(4) Pei, Q.; Yang, Y. J. Am. Chem. Soc. 1996, 118, 7416. (b) Leclerc,
M. J. Polym. Sci., Part A: Polym. Chem. 2001, 39, 2867. (c) Neher, D.
Macromol. Rapid Commun. 2001, 22, 1365. (d) Becker, S.; Ego, C.;
Grimsdale, A. C.; List, E. J. W.; Marsitzky, D.; Pogantsch, A.; Setayesh,
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in increased electron affinity and transporting proper-
ties of the polymer, leading to a more balanced charge
recombination in the polymer emissive layer.7 Second,
the 3-D shaped oxadiazole structures linked on the C-9
position may help prevent π-stacking between polymer
chains and suppress the formation of excimers in the
solid state. Furthermore, the rigidity of the main chain
will be preserved, yielding a polymer with a much
higher glass transition temperature (Tg) and better
thermal stability. Third, the sp3 carbon (C-9) serves as
a spacer to effectively block the conjugation between the
oxadiazole side chains and the polymer backbone.8 Thus,
the conjugation and the integrity of the emission
spectrum of the PF main chain will remain unperturbed.

Experimental Section

Materials. Monomer 3, 2,7-bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9,9-dioctylfluorene, was synthesized accord-
ing to literature procedures.9 All the reactions were performed
under a nitrogen atmosphere.

9,9-Bis(4-cyanophenyl)fluorene. A mixture of fluorene
(10.0 g, 60.2 mmol), 4-fluorobenzonitrile (16.3 g, 134 mmol),
18-crown ether-6 (8.2 g, 31 mmol), K2CO3 (19.8 g, 144 mmol),
DMF (50 mL), and benzene (15 mL) was heated at 160 °C for
4 h. Water that was formed during the reaction was removed
by azeotropic distillation and collected in a Dean-Stark trap.
After this period, the remaining benzene was removed by
distillation. The reaction mixture was then cooled to room
temperature, and 200 mL of water was added. The precipitated
solid was collected by filtration, washed with water, and dried.
The product was purified by recrystallization from toluene/
THF (2:1) to give colorless crystals (14.1 g, 63.9%). 1H NMR
(300 MHz, CDCl3) δ 7.29 (d, 4H, J ) 8.7 Hz), 7.31-7.35 (m,
4H), 7.41-7.48 (m, 2H), 7.55 (d, 4H, J ) 8.7 Hz), 7.83 (d, 2H,
J ) 7.8 Hz). 13C NMR (75 MHz, CDCl3) δ 65.4, 111.0, 118.4,
120.7, 125.7, 128.3, 128.5, 128.6, 132.3, 140.1, 148.6, 150.2.
HRMS [M+ + H]: calcd. for C27H17N2 369.1392, found 369.1393.

9,9-Bis(4-tetraazolylphenyl)fluorene. A mixture of 9,9-
bis(4-cyanophenyl)fluorene (1.5 g, 4.1 mmol), sodium azide
(0.80 g, 12.3 mmol), and ammonium chloride (0.70 g, 13.0
mmol) in DMF (5.0 mL) was heated at 150 °C for 4 h. After
cooling, the resulting mixture was poured into water (200 mL)
and acidified with 1 N HCl to pH ∼ 2. The precipitated solid
was collected by filtration, washed with water, and dried to
give a white solid (1.67 g, 90.6%). 1H NMR (300 MHz, DMSO-
d6) δ 7.32-7.38 (m, 2H), 7.36 (d, 4H, J ) 8.4 Hz), 7.46 (dd,
2H, J ) 7.5, 7.5 Hz), 7.55 (d, 2H, J ) 7.5 Hz), 7.95 (d, 4H, J
) 8.4 Hz), 7.99 (d, 2H, J ) 7.8 Hz). 13C NMR (75 MHz, DMSO-
d6) δ 65.5, 121.4, 123.4, 126.6, 127.8, 128.8, 129.2, 140.2, 148.9,
149.9. HRMS [M+ + H]: calcd. for C27H19N8 455.1733, found
455.1732.

9,9-Bis(4-(5-(4-tert-butylphenyl)-2-oxadiazolyl)phenyl)-
fluorene (1). To a solution of 9,9-bis(4-tetraazolylphenyl)-
fluorene (1.5 g, 3.3 mmol) in pyridine (8.0 mL) at 25 °C was
added 4-tert-butyl benzoyl chloride (1.9 mL, 9.9 mmol) drop-
wise. The reaction mixture was heated at 125 °C for 3 h. After
cooling, the resulting solution was poured into a mixture of
water and MeOH (150 mL, 1:3). The resulting precipitate was
collected by filtration, washed with water, and dried. The

product was purified by column chromatography over silica
gel (CHCl3) followed by recrystallization from toluene/CHCl3

(5:1) to give 1 (2.12 g, 89.3 %). 1H NMR (300 MHz, CDCl3) δ
1.34 (s, 18H), 7.27-7.35 (m, 2H), 7.37 (d, 4H, J ) 8.4 Hz),
7.37-7.45 (m, 4H), 7.52 (d, 4H, J ) 8.4 Hz), 7.81 (d, 2H, J )
7.4 Hz), 8.01 (d, 4H, J ) 8.4 Hz), 8.02 (d, 4H, J ) 8.4 Hz). 13C
NMR (75 MHz, CDCl3) δ 31.0, 35.0, 65.5, 120.5, 121.0, 122.7,
125.9, 126.0, 126.7, 127.0, 128.1, 128.2, 128.7, 140.2, 149.2,
149.7, 155.3, 164.0, 164.6. HRMS [M+ + H]: calcd. for
C49H43N4O2 719.3386, found 719.3392.

Synthesis of Monomer 2. To a solution of 1 (500 mg, 0.70
mmol) in CHCl3 (25 mL) at 25 °C, phenyliodine bis(trifluoro-
acetate) (600 mg, 1.40 mmol), and bromine (220 mg, 1.40
mmol) were added. The reaction mixture was stirred at 25 °C
for 24 h, then poured into water (80 mL) and washed with
aqueous sodium thiosulfate solution until the red color of
bromine disappeared. The organic layer was dried over Na2-
SO4, and the solvent was removed in vacuo. The residue was
purified by column chromatography, eluting with CH2Cl2 and
CH2Cl2/ethyl acetate (20:1) to give monomer 2 (0.38 g, 61.0%).
1H NMR (300 MHz, CDCl3) δ 1.35 (s, 18H), 7.32 (d, 4H, J )
8.6 Hz), 7.50 (d, 2H, J ) 1.5 Hz), 7.53 (d, 4H, J ) 8.6 Hz),
7.55 (dd, 2H, J ) 1.5, 8.1 Hz), 7.65 (d, 2H, J ) 8.1 Hz), 8.02
(4H, d, J ) 8.6 Hz), 8.05 (4H, d, J ) 8.6 Hz). 13C NMR (75
MHz, CDCl3) δ 31.2, 35.2, 65.6, 121.1, 122.1, 122.3, 123.4,
126.2, 126.9, 127.5, 128.7, 129.3, 131.8, 138.2, 147.7, 151.6,
155.5, 163.9, 164.8. HRMS [M+]: calcd. for C49H40N4O2

79Br2

874.1518, found 874.1535; calcd. for C49H40N4O2
79Br81Br

876.1498, found 876.1434; calcd. for C49H40N4O2
81Br2 878.1478,

found 878.1414.
Preparation of PF-OXD. A mixture of 2 (512 mg, 0.58

mmol), 3 (376 mg, 0.58 mmol), Aliquat 336 (71 mg), 2 M K2-
CO3(aq) (5.0 mL), and toluene (8.0 mL) was degassed and
tetrakis(triphenylphosphine)palladium (8 mg, 1.33 mol %) was
added in one portion under nitrogen atmosphere. The reaction
mixture was then heated at 110 °C for 60 h. At the end of the
polymerization, the terminal groups were capped by refluxing
24 h with phenylboronic acid (148 mg, 1.22 mmol) and 12 h
with bromobenzene (191 mg, 1.22 mmol). The resulting
polymer solution was precipitated repeatedly into methanol-
water and methanol several times, followed by Soxhlet extrac-
tion with acetone, and dried over vacuum to give PF-OXD
(536 mg, 83.6%). 1H NMR (300 MHz, CDCl3) δ 0.67-0.78 (m,
10H), 1.04 (br, 20H), 1.33 (s, 18H), 2.01 (br, 4H), 7.48-7.57
(m, 12 H), 7.69-7.77 (m, 6H), 7.94 (d, 2H, J ) 7.9 Hz), 8.01
(d, 4H, J ) 8.3 Hz), 8.09 (d, 4H, J ) 8.1 Hz). 13C NMR (75
MHz, CDCl3) δ 14.1, 22.6, 23.9, 29.2, 30.0, 31.2, 31.7, 35.2,
40.3, 55.4, 65.9, 120.2, 121.0, 121.1, 121.4, 123.0, 124.6, 126.1,
126.3, 126.8, 127.4, 127.7, 129.0, 139.1, 139.8, 140.3, 141.9,
149.3, 150.9, 151.9, 155.5, 164.1, 164.8.

General Information. 1H and 13C NMR spectra were
recorded on a Varian Unity 300 MHz or a Bruker-DRX 300
MHz spectrometer. Mass spectra were obtained on a JEOL
JMS-SX/SX 102A mass spectrometer. Size exclusion chroma-
tography (SEC) was carried out on a Waters chromatography
unit interfaced to a Waters 410 differential refractometer.
Three 5-µm Waters styragel columns (300 × 7.8 mm) con-
nected in series in decreasing order of pore size (104, 103, and
102 Å) were used with THF as eluent, and standard polysty-
rene samples were used for calibration. Differential scanning
calorimetry (DSC) was performed on a SEIKO EXSTAR 6000
DSC unit using a heating rate of 10 °C min-1 and a cooling
rate of 30 °C min-1. Samples were scanned from 30 to 350 °C
and then cooled to 30 °C and scanned for a second time from
30 to 350 °C. Glass transition temperatures (Tg) were deter-
mined from the second heating scan. Thermogravimetric
analysis (TGA) was made on a Du Pont TGA2950 instrument.
The thermal stability of the samples was determined in
nitrogen by measuring weight loss while heating at a rate of
10 °C min-1. UV-visible spectra were measured with a HP
8453 diode array spectrophotometer. Photoluminescence spec-
tra were obtained on a Hitachi F-4500 luminescence spec-
trometer. The PL quantum yields (ΦFL) in toluene solutions
were measured by excitation of the respective polymer solu-
tions at 375 nm and compared with the solution emission of
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the 9,10-diphenylanthracene (ca. 5 × 10-6 M solution, ΦFL )
1.0). Cyclic voltammetry measurements of the polymer films
were performed on a BAS 100 B/W electrochemical analyzer
in acetonitrile with 0.1 M tetrabutylammonium hexafluoro-
phosphate (TBAPF6) as the supporting electrolyte at a scan
rate of 50 mV/s. The potentials were measured against an Ag/
AgCl reference electrode with ferrocene as the internal stan-
dard. The onset potentials were determined from the inter-
section of two tangents drawn at the rising current and
background current of the cyclic voltammogram.

Device Fabrication and Testing. The devices were
fabricated on ITO substrates that had been ultrasonicated
sequentially in detergent, deionized water, 2-propanol, and
acetone, and had been treated with O2 plasma for 10 min
before use. All the evaporation of the metal electrodes was
carried out in a vacuum evaporator inside an argon atmo-
sphere drybox. A hole-injecting layer, polyethylene diox-
ythiophene:polystyrene sulfonate (PEDOT, Bayer Corp) was
spin-coated at a spin rate of 4000 rpm from its water solution
(1.3 wt %) onto the ITO substrates and cured at 160 °C for 10
min under nitrogen. Then a layer of copolymer was spin-coated
from its dichloroethane solution (1 wt %) at 2000 rpm. The
thickness of the films was measured on a Sloan Dektak 3030
surface profilometer. The thickness of PEDOT was about 35
nm, and the thickness of the polymer layer was around 55 nm.
A layer of 30-nm-thick calcium (Ca) cathode was then vacuum
deposited at below 1 × 10-6 Torr through a mask, and then a

layer of 120-nm-thick silver (Ag) was vacuum deposited on top
of Ca as the protecting layer. The device testing was carried
out in air at room temperature. Current-voltage character-
istics were measured on a Hewlett-Packard 4155B semicon-
ductor parameter analyzer. The power of EL emission was
measured using a Newport 2835-C multi-function optical
meter. Photometric units (cd/m2) were calculated using the
forward output power and the EL spectra of the devices,
assuming Lambertian distribution of the EL emission.10

Results and Discussion

Synthesis of Monomers and Polymer. Scheme 1
illustrates the synthetic route for the preparation of the
oxadiazole-containing polyfluorene (PF-OXD). The rela-
tively high yields and simple workup procedures render
the tetrazole synthetic route to be attractive for the
preparation of pure oxadiazole derivatives.11 By starting
from the 9,9-bis(4-cyanophenyl)fluorene, compound 1
was prepared via the tetrazole route.12 The bromination

(10) Greenhan, N. C.; Friend, R. H.; Bradley, D. D. C. Adv. Mater.
1994, 6, 491.

(11) Greczmiel, M.; Strohriegl, P.; Meier, M.; Brütting, W. Macro-
molecules 1997, 30, 6042.
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Scheme 1. Synthetic Route for the PF-OXD

Novel Luminescent Oxadiazole-Containing Polyfluorene Chem. Mater., Vol. 15, No. 1, 2003 271

http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/cm020688+&iName=master.img-000.png&w=349&h=429


of 1 with Br2/phenyliodine bis(trifluoroacetate)13 fur-
nished the desired dibromo monomer 2, which was then
copolymerized with the diboronate 3 using the Suzuki
coupling reaction. Pd(PPh3)4 was used as the catalyst
in a mixture of toluene and aqueous potassium carbon-
ate (2 M) with aliquate 336 as the phase-transfer
reagent, to give an alternating copolymer PF-OXD.14

The structures of the dibromo monomer 2 and PF-OXD
were characterized by 1H and 13C NMR spectroscopy
and elemental analysis. PF-OXD is readily soluble in
common organic solvents, such as THF, chloroform,
chlorobenzene, and xylene, and is only soluble in toluene
upon heating. Gel permeation chromatography (GPC)
analysis, which was performed at 30 °C using poly-
styrene as the standard and THF as the eluent, indi-
cated that PF-OXD has a number-average molecular
weight (Mn) of approximately 1.3 × 104 g/mol, with a
polydispersity index of 2.1.

Thermal Properties. The thermal properties of PF-
OXD were investigated by using differential scanning
calorimetry (DSC) and thermogravimetric analysis (TGA).
DSC was performed at a temperature range between
30 and 350 °C. A distinct Tg was observed at 213 °C,
and no melting transition was found upon heating
beyond Tg. The Tg of PF-OXD is much higher than that
of poly(9,9-dioctyl-fluorene) (POF) (Tg ∼ 51 °C),15 in
which each repeating fluorene unit contains two flexible
n-octyl chains at C-9. It is evident that the introduction
of two rigid oxadiazole moieties onto the C-9 position of
every alternating fluorene unit in the polymer backbone
increases the chain rigidity and leads to a much higher
Tg. This is very important for polymers that function
as the emissive materials in LEDs.16 In addition, as
revealed by TGA, the polymer also possesses excellent
thermal stability (5% weight loss was observed at 403
°C) due to the presence of the oxadiazole units.

Optical Properties. The absorption and PL spectra
of PF-OXD in diluted solution and in solid state are
shown in Figures 1 and 2. PF-OXD in THF solution
exhibits an absorption with a λmax at 390 nm, due to a
π-π* transition contributed from the conjugated poly-
fluorene backbone. There is an additional absorption at
297 nm contributed from the oxadiazole side chains
because the model compound, 2,5-di-(4-tert-butylphen-
yl)-1,3,4-oxadiazole 4, in THF, also has an absorption
with the λmax at 298 nm. Upon excitation of the poly-
fluorene main chain at 390 nm, the emission spectrum
displays a vibronic fine-structure with two sharp bands
at 419 and 444 nm, and a shoulder at 469 nm. The PL
spectrum is almost identical to that obtained from POF
in THF (not shown in Figure 1), with only a slightly
1-nm red-shift. This observation suggests that the
introduction of oxadiazole groups onto fluorene units via
the C-9 carbon does not cause perturbation of the main
chain conjugation. The fluorescence yield (Φf) of PF-
OXD in toluene solution excited at 375 nm was mea-
sured to be 1.24, using 9,10-diphenylanthrancene
(Φf ) 1.0) as a standard. In comparison to dilute
solution, the absorption spectrum of the PF-OXD thin

film, prepared by spin-coating from its toluene solution
onto a quartz plate, is slightly broadened but without
spectral shift, whereas the emission spectrum shows a
red-shift of 8 nm. The small red-shift of the emission
observed in solid state is probably due to the different
dielectric constant of the environment.17 The PL quan-
tum yield of the PF-OXD film was estimated to be 0.43
by comparing the fluorescence intensity of the POF
polymer thin film sample that was excited at 384 nm
(Φf ) 0.55).18

Although bright blue LEDs based on polyfluorenes
have been fabricated, a major problem with polyfluo-
renes exists due to their tendency to form long wave-
length aggregates/excimers in the solid state upon
heating.19 To examine the thermal stability of PF-OXD,
the polymer thin film sample was heated on a hot plate
at 150 °C under nitrogen atmosphere for 20 h. The PL

(13) Gallos, J.; Varvoglis, A. J. Chem. Res. Miniprint 1982, 1649.
(14) Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457.
(15) Ding, J.; Day, M.; Robertson, G.; Roovers, J. Macromolecules

2002, 35, 3474.
(16) Tokito, S.; Tanaka, H.; Noda, K.; Okada, A.; Taga, Y. Appl.

Phys. Lett. 1997, 70, 1929.

(17) Wu, F.-I.; Dodda, R.; Reddy, D. S.; Shu, C.-F. J. Mater. Chem.
2002, 12, 2893.

(18) Grice, A. W.; Bradley, D. C. D.; Bernius, M. T.; Inbasekaran,
M.; Wu, W. W.; Woo, E. P. Appl. Phys. Lett. 1998, 73, 629.

(19) Lee, J. I.; Klaerner, G.; Miller, R. D. Synth. Mater. 1999, 101,
126. (b) Teetsov, J.; Fox, M. A. J. Mater. Chem. 1999, 9, 2117. (c)
Weinfurtner, K. -H.; Fujikawa, H.; Tokito, S.; Taga, Y. Appl. Phys.
Lett. 2000, 76, 2502.

Figure 1. UV-Vis absorption and PL (excited at 390 nm)
spectra of PF-OXD in THF solution and in solid state; also
included is a PL spectrum of the PF-OXD film after annealing
at 150 °C for 20 h under nitrogen atmosphere. The emission
intensity is relative to that of a fresh film.

Figure 2. UV-Vis absorption, PL (excited at 300 nm), and
excitation (monitored emission at 450 nm) spectra of PF-OXD
film; also included are UV-vis absorption and PL (excited at
300 nm) spectra of the model compound 4 in THF solution.
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spectra of the PF-OXD film remains almost intact
without the appearance of a long wavelength tail after
thermal treatment (Figure 1). For comparison, the same
experiments were conducted for the POF film. The
annealing of the POF film not only results in a batho-
chromical spectral shift in PL with a significantly
reduced emission intensity, but also generates the
appearance of an additional emission band between 500
and 600 nm. Thus, it is apparent that the thermal
stability of PF-OXD is improved over that of POF due
to the incorporation of oxadiazole moieties onto the C-9
position of the fluorene units. The 3-D shape rigid
oxadiazole structure may also prevent π-stacking be-
tween polymer chains and suppress the formation of
aggregates/excimers in the solid state. The higher Tg of
the PF-OXD also accounts for the greater spectroscopic
stability of the polymer film.

Figure 2 shows the PL spectrum of the model com-
pound 4 in THF solution. There is some spectral overlap
between the emission spectrum of 4 and the absorption
spectrum of the main chain conjugated PF-OXD,
indicating that there is a possibility of getting energy
transfer from the excited OXD side chains to the
polyfluorene backbone. Upon excitation of the OXD
groups at 300 nm, the PF-OXD film emits a blue
fluorescence around 440 nm which originates from the
emission of conjugated backbone, whereas no lumines-
cence was detected from the OXD side chains at 347
nm. This PL spectrum is almost identical to that of the
PF-OXD excited at 390 nm (Figure 1), with a slightly
higher intensity. Furthermore, the excitation spectrum
of PF-OXD, monitored at 450 nm, is a perfectly
superimposed image of the absorption spectrum. These
results reveal that the energy transfer from excited OXD
side chains to the polyfluorene backbone is quite ef-
ficient and its contribution to the emission intensity
from the main chain may be significant.

Redox Properties. The electrochemical behavior of
PF-OXD was investigated by using cyclic voltammetry.
On the basis of the onset potentials of the oxidation and
reduction, the HOMO and LUMO energy levels of PF-
OXD were estimated to be -5.76 and -2.47 eV, respec-
tively, with regard to the energy level of the ferrocene
reference (4.8 eV below the vacuum level).20 The HOMO
energy level of the polymer is similar to that reported
for POF (-5.8 eV).21 It is also consistent with the
previous observation that the electronic structure of the
conjugated polyfluorene backbone remains undisturbed
after the attachment of oxadiazole moieties as side
chains onto PF-OXD. The low-lying LUMO level of
PF-OXD may originate from the electron-deficient
nature of the oxadiazole moiety, as revealed from the
comparison between the LUMO level of 2-(4-biphenyl)-
5-(4-tert-butylphenyl)-1,3,4-oxadiazole, which was esti-
mated to be -2.4 eV.22 This result indicates that the
introduction of an electron-deficient oxadiazole group
leads to the increase in electron affinity and improve-
ments in electron-injecting of the polymer.

Electroluminescent Properties. The EL properties
of the polymer were examined using a double-layer LED

device configuration (ITO/PEDOT/PF-OXD/Ca/Ag),
where a conducting polymer, poly(3,4-ethylene dioxy-
thiophene) (PEDOT) was used as the hole-injecting
layer. The typical EL spectrum from this device is shown
in Figure 3 along with its PL spectrum. The EL peaks
at 428 nm which is identical to its PL spectrum. No
undesirable excimer/aggregate emission was observed
at a long wavelength like that of POF reported in the
literature. The device shows a strong blue emission with
a quite low turn-on voltage (voltage needed for bright-
ness of 1 cd/m2) at 5.3 V. The luminance reaches 2770
cd/m2 at a drive voltage of 10.8 V and a current density
1.12 A/cm2, corresponding to an efficiency of 0.25 cd/A
and a luminosity of 0.08 lm/W (Figure 4). The maximum
external quantum efficiency is 0.52% at 537 cd/m2 with
a bias of 7.4 V. The device based on the PF-OXD
demonstrates a much higher brightness and efficiency
than the device made with the unmodified POF, which
had a maximum brightness around 600 cd/m2 and an
external quantum efficiency of 0.2%.18 The improved
device performance is due to better electron injection
and transport from PF-OXD and the efficient energy
transfer from OXD side chain to polyfluorene main
chains.

(20) Pommerehne, J.; Vestweber, H.; Guss, W.; Mahrt, R. F.;
Bässler, H.; Porsch, M.; Daub, J. Adv. Mater. 1995, 7, 551.

(21) Janietz, S.; Bradley, D. D. C.; Grell, M.; Giebeler, C.; Inbaseka-
ran, M.; Woo, E. P. Appl. Phys. Lett. 1998, 73, 2453.

(22) Janietz, S.; Wedel, A. Adv. Mater. 1997, 9, 403.

Figure 3. PL spectrum of PF-OXD superimposed with the
EL spectrum of the ITO/PEDOT/PF-OXD/Ca/Ag device.

Figure 4. Current density-voltage-brightness (J-V-B)
characteristics of ITO/PEDOT/PF-OXD/Ca/Ag device.
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Conclusion

We have developed a novel polyfluorene copolymer
with two electron-deficient, 4-tert-butylphenyl-1,3,4-
oxadiazole groups functionalized on the C-9 position of
the alternating fluorene unit to form a 3-D structure.
This polymer possesses a very high Tg (213 °C) and very
good thermal stability (5% weight loss observed at 403
°C). The results from the PL measurements of the
isothermally heated PF-OXD thin film (150 °C for 20
h) show that the commonly observed aggregate/excimer
formation is very effectively suppressed in this polymer
due to its 3-D structure and high Tg. A double-layer LED
device using this polymer as the emitting layer shows
a bright blue emission with a low turn-on voltage at 5.3
V and a high brightness of 2770 cd/m2 at a drive voltage
of 10.8 V. The maximum external quantum efficiency

is 0.52% at 537 cd/m2 with a bias of 7.4 V. The improved
device performance over that of POF is due to better
electron injection and transport in PF-OXD and the
efficient energy transfer from OXD side chain to the
polyfluorene main chains.
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