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A conjugated copolymer based on 9,9-dioctyl-fluorene and 2,3-bis(4-(hexyloxy)phenyl) quinoxaline
has been synthesized by the palladium-catalyzed Suzuki coupling reaction. The synthesized poly-
mer was soluble in common organic solvents such as chloroform, THF, and toluene and had good
film properties. The polymer was analyzed by 1H-NMR spectroscopy, UV-vis spectroscopy, GPC,
TGA, DSC, and cyclic voltammetry. It had very good thermal properties with high decomposition
and glass transition temperatures, 420 �C and 159 �C respectively, and a low band gap of 2.51 eV.
The polymer LEDs (ITO/PEDOT:PSS/polymer/LiF/Ca/Al) showed pure green light emission with
maximum peaks at 502 nm and CIE coordinates of x = 0�28 and y = 0�55. The turn-on voltage of
the polymer device was 7 V and the maximum brightness was 10.16 cd/m2 at 14 V. The maximum
luminescence efficiency of the polymer was 0.0011 cd/A at 11 V.

Keywords: Fluorene–Quinoxaline Copolymer, Green OLED, Suzuki Coupling Reaction.

1. INTRODUCTION

Conjugated polymers have been used as active materials in
several kinds of electronic devices such as transistors, pho-
tovoltaic cells (PVCs), and organic light-emitting diodes
(OLEDs), including flexible displays.1–5 They not only
combine the physical properties of polymers with those of
semiconductors to obtain unique and novel materials but
also provide tunable electronic and/or mechanical proper-
ties by structure modification.2 Also, it is very important
to be controlled these polymer to nanometer scale size.6

By the introduction of flexible side chains to the poly-
mer backbone, the solubility and processability of aro-
matic conjugated polymers can be increased. Flexible side
chains also give rise to steric hindrance along the polymer
backbone, which controls the effective conjugation length
and emission color of the polymers. Conjugated polymers
with sterically hindered side chains appended to the poly-
mer backbone have exhibited excellent photoluminescence
(PL) efficiencies in the solid state.1 Since the discovery of
polymer light-emitting diodes (PLEDs) by the Cambridge
group, great progress has been made in developing many
kinds of conjugated polymers to provide the three primary
(RGB) colors for large-area flat panel displays.7

∗Author to whom correspondence should be addressed.

Polyfluorenes (PFs) are of particular interest in various
applications ranging from field effect transistors through
photovoltaics to light-emitting devices. In particular, PFs
have emerged as a promising class of semiconducting
polymers for PLEDs.8�9 They have attracted considerable
attention because of their blue light emission with a maxi-
mum at about 420 nm, their high photoluminescence (PL)
and electroluminescence (EL) efficiency, and their high
thermal stability.10 However, the poor electron-transporting
property of PF results in a large electron-injection bar-
rier and an imbalance of charge carrier transport in
PLEDs application.2 Poly (9,9-dioctylfluorene) is soluble
in toluene. Its films have a PL maximum at 436 nm with
well-defined vibronic features, and the PL and quantum
efficiency (QE) were approximately 55%. The EL maxi-
mum is also at 436 nm. The external QE of a PLED with
Ca as the cathode and PBD as the electron transporting
layer is about 0.2%.11

PF derivates and copolymers with emission colors over
the entire visible range have been synthesized by intro-
ducing comonomers like benzothiadiazole, pyridine, bithi-
azole, naphthoselenadiazole, indenofluorene, quinoxaline,
and perylene, which act as on-chain excited state energy
acceptors. In general, the incorporation of acceptors into
the PF backbone lowers the LUMO energy level of the
resulting copolymers compared to PF and thus could fur-
ther improve their electron-accepting ability. The use of
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these acceptors makes it possible to tune the emission
of PF copolymers from blue to red, paving the way for
copolymers with white light emission. Among other accep-
tors units, quinoxaline comonomer units appear especially
suitable to alter the bandgap of polyfluorene copolymers
so as to allowlight emission from blue to yellow–orange.
Incorporation of quinoxaline acceptors enhances electron-
transport by the copolymers, making them suitable for use
in multilayer PLEDs.10 Donor-acceptor conjugated poly-
mer systems have emerged as promising candidates for
flexible organic electronic devices since their electronic
and optoelectronic properties can be efficiently described
by intramolecular charge transfer (ICT).12

A green-emitting material for PLEDs has been much
sought after. Leclerc et al13 synthesized PCQ using
carbazole and quinoxaline comonomers. Although they
obtained a nearly pure green polymer, it had low number-
average molecular weight, broad polydispersity, a low
glass temperature and a high band gap. Tang et al.14

synthesized diphenyl polyacetylenes with vinyl and ester
groups. Although these polymers were produced by a
photopolymerization method, they had low number- and
weight- average molecular weights, low thermal stability,
and red-shifted emission. Pang et al.15 synthesized a PPE-
PPV hybrid polymer with high weight-average molecular
weight, high degree of polymerization, and high yield, but
a high band gap. Chen et al.2 synthesized a copolymer
with fluorine-quinoxaline as electron acceptor. Although
its thermal properties were good, it had low number-
average molecular weight, broad polydispersity, a blue-
shifted EL spectrum centered at 500 nm, and a high-energy
band gap.
In this study, we synthesized a poly (9,9-dioctyl-

fluorene-co-2,3-bis(4-hexyloxyphenyl)quinoxaline) by
the Suzuki coupling reaction using the quinoxaline
comonomer as an electron acceptor. We characterized the
copolymer by 1H-NMR and GPC. In addition, the thermal
properties of copolymer were verified. The copolymer
shows pure green fluorescence in solution and thin films
under UV excitation. Subsequently, we fabricated light-
emitting diodes. This conjugated polymer shows great
promise for the development of stable polymeric green
light emitting diodes.

2. EXPERIMENTAL DETAILS

2.1. Materials and Instruments

All reagents and solvent except toluene were pur-
chased from Aldrich, and used without further purifi-
cation. Toluene was dried over sodium and distilled
under a nitrogen atmosphere. The acceptor monomer 2,3-
bis(3-hexyloxyphenyl)-5,8-dibromoquinoxaline was pre-
pared according to literature procedures.16�17

1H-NMR spectra were measured in a Bruker ARX 400
spectrometer using solutions in CDCl3 and chemical shifts

were recorded in ppm units with TMS as the internal
standard. Thermal decomposition temperatures (Td) of the
polymer were characterized with a NETZSCH TG 209
F3 thermo gravimetric analyzer (TGA) at a heating rate
of 10 �C ·min−1. Differential scanning calorimetry (DSC)
measurements were performed under a nitrogen atmo-
sphere at a heating rate of 10 �C ·min−1 using a TA instru-
ments DSC 2310 Modulated DSC. The UV-vis spectra
were measured with a HP Agilent 8453 UV-Vis. All GPC
analyses used THF as eluant and polystyrene standards
as reference. Cyclic voltammetric waves were produced
with a Princeton Applied Research Model 273A Poten-
tionstat/Galvanostat in an acetonitrile (substituted with
nitrogen for 20 min) solution containing 0.1 M tetra-
butylammonium hexafluorophosphorus (TBAPF6, Fluka
99.9%) at a constant scan rate of 50 mV/s. A three-
electrode cell with silver/silver chloride [Ag in 0.1 M KCl]
as reference electrode was used. Current-voltage character-
istics were measured with a computerized Keithley 2400
SourceMeter unit. The luminance and CIE coordinates of
the devices were measured with a Spectra Scan PR-670.

2.2. EL Device Fabrication and Measurements

For the EL experiment, poly(3,4-ethylenedioxythiophene)
(PEDOT) doped with poly(styrenesulfonate) (PSS), as the
hole-injection-transport layer, was introduced between an
emissive layer and an ITO glass substrate cleaned by suc-
cessive ultrasonic treatments. The emissive layer was spin-
coated on top of the thermally dried PEDOT:PSS layer.
The sample was annealed at 125 �C for 10 min.

2.3. Synthesis

2.3.1. 2,7-bis(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)-9,9-dioctylfluorene (1)

To a solution of 2,7-dibromo-9,9-dioctylfluorene (10 g,
18.23 mmol) in THF (140 mL) at −78 �C
was added by syringe 15.3 mL (38.283 mmol) of
n-butyllithium (2.5 M in hexane). The mixture was stirred
at −78 �C for 2 h. 2-Isopropoxy-4,4,5,5,-tetramethyl-1,3,2-
dioxaborolane (9.0 mL, 18.93 mmol) was added to the
solution, and the resulting mixture was stirred at −78 �C
for 1 h, then warmed to room temperature and stirred
for 40 h. The mixture was poured into water, extracted
with dichloromethane, and dried over Na2SO4. The sol-
vent was removed by evaporation, and the residue was
purified by several reprecipitations in hexane to provide
10.763 g (91.8%) of the product as a white solid.18
1H-NMR (CDCl3, ppm): � 7.78 (d, 2H), 7.72 (s, 2H), 7.70
(d, 2H), 1.97 (m, 4H), 1.37 (s, 24H), 1.18–0.99 (m, 20H),
0.79 (t, 6H), 0.53 (m, 4H). 13C-NMR (CDCl3, ppm):
� 150.45, 143.89, 133.62, 128.89, 119.35, 83.69, 55.16,
40.07, 31.76, 29.91, 29.18, 29.13, 24.92, 23.57, 22.57,
14.05. Anal. Calcd for C41H64B2O4: C, 76.64; H, 10.04.
Found: C, 77.00; H, 10.17.
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2.3.2. 4,7-dibromo-2,1,3-benzothiadiazole (2)

A mixture of 10 g (73.438 mmol) of 2,1,3-
benzothiadiazole in 33.4 mL of 48% hydrobromic acid
was heated under reflux with stirring while 34.309 g
(214.686 mmol, 11 mL) of bromine was slowly added.
After completion of the bromine addition, the reaction
mixture became a suspension of a solid in hydrobromic
acid; another 11 mL of hydrobromic acid was added, and
the mixture was heated under reflux for another 2.5–3 h.
The solid product was filtered, washed well with water,
recrystallized from chloroform, and dried to give white
needle crystals (15 g, 70%).19 mp 187–188 �C. 1H-NMR
(400 MHz, CDCl3) � (ppm): 7.73 (s, 2H). 13C-NMR (100
MHz, CDCl3): � (ppm): 153.34, 132.67, 114.31.

2.3.3. 3,6-dibromo-1,2-phenylenediamine (3).

To a suspension of 4,7-dibromo-2,1,3-benzothiadiazole
(7.349 g, 25 mmol) in ethanol (250 mL), NaBH4 (16.69 g,
441.176 mmol) was added portionwise at 0 �C, and
the mixture was stirred for 20 h at room temperature.
After evaporation in vacuo, H2O (150 mL) was added,
and the mixture was extracted with diethyl ether. The
organic phase was washed with saturated aqueous NaCl
solution and dried (Na2SO4). Evaporation in vacuo gave
compound 3 (3.9 g, 87%),19�20 a pale yellow solid, mp
94–95 �C, 1H-NMR (CDCl3, 400 MHz) � (ppm): 3.89
(br. s, 4 H); 6.84 (s, 2H). 13C-NMR (CDCl3, 75 MHz) �
(ppm): 109.74; 123.33; 133.83.

2.3.4. 2,3-bis-(4-methoxyphenyl)-5,8-dibromo-
quinoxaline (4)

A mixture of 3,6-dibromo-1,2-phenylenediamine (2.64 g,
9.93 mmol), 4,4′-dimethoxybenzil (3.22 g, 11.916 mmol),
and 3 drops of glacial acetic acid in 40 mL of butanol
was stirred under reflux for 5 h. After cooling to 0 �C,
the precipitate was separated by filtration, washed with hot
ethanol, and dried under vacuum to give 2.5 g (50.3%)
of 2,3-bis(4-methoxyphenyl)-5,8-dibromoquinoxaline.17�21
1H-NMR (CDCl3) � (ppm): 7.85 (s, 2H), 7.65–7.51
(ts, 4H), 6.90–6.88 (ts, 4H), 3.85 (s, 6H).

2.3.5. 2,3-bis-(4-methoxyphenyl)-5,8-
dibromoquinoxaline (5)

A mixture of an HCl adduct of pyridine (20.82 g) and
2,3-bis(4-methoxyphenyl)-5,8-dibromoquinoxaline (2.5 g,
4.998 mmol) was stirred for 8 h at 200 �C. After cool-
ing to room temperature, 40 mL of 2.5% hydrochloric
acid were added, the mixture was stirred for 10 min, and
the product was extracted with diethyl ether. The extract
was washed with dilute hydrochloric acid and water, and
dried over Na2SO4. Removal of the solvent by evapora-
tion gave 2.17 g (92%) of 2,3-bis(4-hydroxyphenyl)-5,8-
dibromoquinoxaline.17�21 1H-NMR(CDCl3) � (ppm): 8.12

(s, 2H), 7.88–7.86 (dt, 4H), 7.10–7.08 (dt, 4H), 5.16
(s, 2H, OH).

2.3.6. 2,3-bis-(4-hexyloxyphenyl)-5,8-
dibromoquinoxaline (6)

A mixture of KOH (0.57 g, 10.1 mmol) and
2,3-bis-(4-methoxyphenyl)-5,8-dibromoquinoxaline (1.2 g,
2.54 mmol) in ethanol (17 mL) was allowed to react
under reflux. 1-Bromohexane (1.294 g, 7.837 mmol) was
then added, and the reaction mixture was stirred under
reflux for 24 h. After cooling to −20 �C, the precipitate
was collected by filtration, washed with a small amount
of methanol, recrystallized from methanol, and dried to
give 0.90 g (55.3%) of 2,3-bis(4-hexyloxyphenyl)-5,8-
dibromoquinoxaline.17�21 1H-NMR (CDCl3) � (ppm): 7.84
(s, 2H), 7.66–7.62 (d, 4H), 6.89–6.85 (d, 4H), 4.00–3.97
(t, 4H), 1.83–1.76 (m, 4H), 1.53–1.43 (m, 4H), 1.36–1.32
(m, 8H), 0.93–0.89 (t, 6H).

2.3.7. Poly(9,9-dioctylfluorene)-co-(2,3-bis-(4-
hexyloxyphenyl)-quinoxaline),
PFHOPQ (7)

Monomers 1 (0.2 g, 0.312 mmol), and 6 (0.2 g,
0.312 mmol) and tetrakis(triphenylphosphine) palla-
dium(0), (PPh3)4Pd(0), (3.605 mg, 1 mol%) were
dissolved in a mixture of dry toluene (20 mL) and aque-
ous 2M K2CO3 (13 mL). The solution was refluxed with
vigorous stirring under a nitrogen atmosphere for 48 h.
The polymerization solution was poured into methanol
with stirring, and the resulting precipitate was dissolved in
CHCl3 and washed with dilute HCl. The organic layer was
separated using a separatory funnel and evaporated. The
solid residue was dissolved again in toluene for reprecipi-
tation. The precipitated polymer was filtered off, and dis-
solved again in CHCl3. The polymer solution was slowly
poured into 500 mL of intensively stirred methanol. The
precipitated polymer was filtered off and washed with
dilute HCl, NH4OH, and water. The crude polymer was
washed for 24 h in a Soxhlet apparatus using methanol,
acetone, hexane, and chloroform to remove oligomers and
catalyst residues.22

3. RESULTS AND DISCUSSION

Scheme 1 shows the general synthesis routes toward
monomers and polymer. The product copolymer, synthe-
sized by the palladium-catalyzed Suzuki coupling reac-
tion, was a yellowish powder. It was completely soluble in
organic solvents such as CHCl3, THF, DMF, acetonitrile
and toluene at room temperature and formed good films.
The 1H-NMR spectra of the polymer in CDCl3 is shown
in Figure 1. The signals in the ranges of 0.76–4.02 and
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Scheme 1. Synthesis of monomers and polymer.

6.84–7.97 ppm are assigned to the hexyl, octyl, and phenyl
protons. The number of protons estimated from the inte-
gration of the peaks was in good agreement with the pro-
posed structures. The number-average molecular weight
(Mn) and the weight-average molecular weight (Mw) of the
synthesized polymer were 40,400 and 60,500 with a poly-
dispersity of 1.49 as determined by GPC using THF as the
eluant and polystyrene as the standard.

Fig. 1. The 1H-NMR spectra of synthesized polymer in CDCl3.

The thermal properties of the polymer were determined
by DSC and thermal gravimetric analysis (TGA) under
a nitrogen atmosphere at a heating rate of 10 �C/min.
Figure 2 shows the TGA and DSC (inset figure) curves
of the polymer. The polymer shows a glass transition at
159 �C and loses less than 5% of its weight on heating to
430.7 �C. These Tg and Td are higher than those of other

Fig. 2. The TGA curve of the polymer at a heating rate of 10 �C/min
under a nitrogen atmosphere. The insert shows the DSC curve of polymer
at a heating rate of 10 �C/min under a nitrogen atmosphere.

102 J. Nanosci. Nanotechnol. 10, 99–105, 2010
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Table I. The result of polymerization and optical properties of PFHOPQ.

Optical properties
Moleculara Thermalb

weight properties State UV �max PL �max

PFHOPQ Mn 40,400 Tg (�) 159 Solution (nm) 329 (399) 514
Mw 60,500 Td (�) 421 Film (nm) 327(397) 501
PDI 1.49 Eopt

g (eV)c 2.57

aMolecular weight (Mn, Mw) and polydispersity (PDI) of the polymer was
determined by gel permeation chromatography (GPC) in THF using polystyrene
standards. bGlass transition temperature measured by DSC under N2 and decompo-
sition temperature (5% weight loss) measured by TGA under N2.

cCalculated from
the onset of the absorption spectra in thin film.

conjugated polymers, suggesting that the thermal proper-
ties of polyfluorene can be improved by incorporating the
acceptor moiety, quinoxaline, into the polymer backbone.
This could be valuable in device applications; the high
thermal stability of the copolymer prevents deformation of
the polymer morphology and degradation of the polymer
by the applied electric field of a PLED (Table I).
The UV-visible absorption spectra of the polymer are

shown in Figure 3 and the corresponding absorption max-
ima (�max) are summarized in Table I. The solution was
prepared using chloroform as the solvent and the thin film
was prepared by depositing drops of the polymer solution
on quartz plates. The �max of the polymer solution and
film are 329 and 327 nm, respectively. The �max values are
blue-shifted compared to the solution values. This feature
suggests increased disruption of �-conjugation caused by
the hexyloxyphenyl substitution.23�24 or a consequence of
H-aggregation.25–27

The optical band gap (Eg) of the polymer, calculated
from the onset of the absorption band in the thin film,
is 2.57 eV. This optical band gap is lower than that of
the fluorene-quinoxaline copolymer, 2.64 eV. Two dis-
tinct absorption bands are observed. The absorption peak
of about 330 nm is due to the fluorene segments and

Fig. 3. UV-vis absorption and PL emission spectra of polymer in solu-
tion and solid thin film.

a side peak of about 390 nm can be assigned to the
absorption of the quinoxaline unit (Fig. 3). According to
decrease quinoxaline ratio, the absorption of the quinoxa-
line was disappeared and the absorption peak of 385 nm
due to the fluorene segments was inspected2�19 The low
band gap of this polymer is probably due to intramolec-
ular charge transfer, �-electron delocalization in two-
dimensional direction, between fluorene and the electron
acceptor, quinoxaline,28 or to backbone planarity. How-
ever, the decrement of band gap of copolymer is not con-
sistent with the increasing order of the acceptor strength
because of the backbone planarity.
The PL emission spectrum of polymer in chloroform

solution shows a maximum peak at 514 nm, but in the thin
film, the peak is blue-shifted 13 nm to 501 nm. Since the
substituted hexyloxyphenyl groups in the quinoxaline units
can increase the conjugation length, the polymer had low
energy level and then the emission was red-shifted. The
polymer had more blue shifted absorption and emission
peaks than other fluorene-co-quinoxaline polymer which
has no substitution. Because the �max peak of its PL spec-
trum is at 501 nm, the polymer emits a purer green.
The electrochemical properties and the redox poten-

tial of the polymer were determined from the optical
band gap, which was estimated from the wavelength of
absorption onset, and the HOMO energy levels, which
were estimated by cyclic voltammetry (CV). CV was per-
formed with a solution of tetrabutylammonium hexafluo-
rophosporus (TBAPF6) (0.1 M) in acetonitrile at a scan
rate of 100 mV/s at room temperature. A Pt wire and
a Ag/AgCl electrode were used as the counter electrode
and reference electrode, respectively. ITO glass (∼1 cm2)
coated with a thin polymer film was used as the working
electrode. Figure 4 shows the cyclic voltammogram of the
polymer. It exhibits quasi-reversible oxidation and reduc-
tion. The absorption onset wavelength of the polymer was
482 nm in solution, which corresponds to a band gap of
2.57 eV.

Fig. 4. Cyclic voltammograms of polymer film on a ITO electrode in
acetonitrile solution containing TBAPF6 as the electrode.

J. Nanosci. Nanotechnol. 10, 99–105, 2010 103
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Table II. Electrochemical properties of the polymer.

Oxidation Reduction

Epa Eonset HOMO Epc Eonset LUMO Ecc
g

(v) (v) (ev) (v) (v) (eV) (eV)

Polymer 1�58 1�38 −5�76 −1�62 −1�13 −3�25 2�51

From Figure 4, the n-doping onset point was 1.38 V
and the p-doping onset point was −1.13 V.
HOMO and LUMO levels were calculated according to

the empirical formula:

HOMO (or LUMO) (eV)

=−4�8− �Eonset−E1/2�Ferrocene��
29

Using this formula, the HOMO and LUMO level of
the polymer were determined to be −5.76 and −3.25 eV,
respectively. The LUMO and HOMO levels of this
polymer are smaller than those of other fluorene-co-
quinoxaline polymers because this quinoxaline monomer
has an hexyloxyphenyl side chain which contributes to res-
onance effects. (LUMO=−2�65 eV, HOMO=−5�51 eV).
The electrochemical band gap estimated from the differ-
ence between HOMO and LUMO levels is 2.51 eV, similar
to the optical band gap. Table II summarizes these results.
EL devices with the studied polymer used as

the emissive layer were fabricated in the configura-
tion glass/ITO/PEDOT:PSS/polymer/LiF/Ca/Al. Figure 5
shows electroluminescence characteristics of the EL
device. The PEDOT:PSS hole injection layer was spin-
coated on an ITO-coated glass at 2000 rpm for 30 s to
obtain a thickness of 30 nm. Then it was annealed for
10 min. To fabricate the polymer emissive layer devices,

Fig. 5. Electroluminescene (EL) characteristic of ITO coated
glass/PEDOT:PSS/the copolymer/LiF/Ca/Al.

Fig. 6. Current density(line-closed black square) and brightness(dash
line-open blue square) characteristics of EL device.

the polymer solution was spin-coated under different con-
ditions. Therefore, the polymer emissive layers had differ-
ent thicknesses. A 1 wt% polymer solution in THF was
used to make the emissive layers; this solution was spin-
coated on the PEDOT:PSS film at 1,000 rpm, 2,000 rpm,
3,000 rpm or 4,000 rpm for 30 s. Then lithium fluoride
(1 nm, 0.18 Å/s), calcium (50 nm, 1.1 Å/s) and aluminum
(100 nm, 2 Å/s) were thermally deposited on the polymer
film.
All of the EL devices emitted green light. Among

these EL devices, we focused on the one spin-coated at
4,000 rpm for 30 s. As shown in Figure 5, its emission
maximum was at 500 nm, a pure green emission similar
to the PL from the thin film. The current density–voltage–
luminescence (J–V–L) characteristics and electrolumines-
cence efficiency of the devices fabricated from the studied
polymer are shown in Figures 6 and 7. In forward bias,
the turn-on voltage of the polymer was 7 V and the max-
imum brightness was 10.16 cd/m2 at 14 V. The maximum
luminescence efficiency of the polymer was 0.0011 cd/A

Fig. 7. Luminous efficiency of EL device as a function of current
density.
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at 11 V. The EL properties of the monolayer device are
shown in Figure 5. Because of quinoxaline unit with hexy-
loxyphenxyl side chain, the emission maximum of the EL
device was 502 nm, which was blue-shifted rather than
other fluorene-quinoxaline copolymers. The emission color
of the device was green with CIE coordinates of x= 0�28,
y = 0�51. Although this polymer device exhibits lower
brightness and luminescence, it is noteworthy that it pro-
duces much purer green light than other green-emitting
materials.

4. CONCLUSION

In conclusion, we present here the synthesis of a conju-
gated polymer, which could be used in a green PLED, by
copolymerization of fluorene with quinoxaline units bear-
ing side chains using the Suzuki coupling reaction. Since
the quinoxaline side chain is a strong electron acceptor,
the copolymer emission is red-shifted to around 500 nm,
in the green region of the spectrum. The polymer has
a glass transition temperature of 159 �C and high ther-
mal stability up to 420 �C, so it is suitable for making
PLEDs. This polymer has lower HOMO and LUMO lev-
els than other PFs. As a result, the polymer’s energy levels
are matched to the energy levels of electrode materials.
Therefore, charge carrier entry is easier. We fabricated sin-
gle layer PLED EL devices with different emissive layer
thicknesses by spin-coating. An EL device with the config-
uration ITO/PEDOT:PSS/copolymer/LiF/Ca/Al had been
fabricated and emitted green light with an maximum at
502 nm. One of these devices emits green light of high
purity with CIE 1931 coordinates of x= 0�28 and y= 0�51.
It has a turn-on voltage of 7 V, and a maximum brightness
of 10.16 cd/m2 at 14 V. This study suggests that tuning of
electronic and optoelectronic properties can be achieved by
incorporating quinoxaline with alkoxy phenyl side chains
as electron acceptors into polyfluorenes to produce a good
candidate material for green PLEDs. The EL efficiency of
PFHOPQ should be improved if the quinoxaline unit had
other side chain. Future study will focus on modification
of the polymer structure to improve the charge injection
characteristics of the hybrid material.
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