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Synthesis and electro-optical properties of fluorene containing
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Two well defined, blue luminescent homopolymers containing 9,9-diethylfluorene core with electron withdrawing pen-
dant pyridine, Suzuki-coupled with the corresponding borolane of decoxy phenyl (PFPA) and naphthalene (PFNA) have been
designed and synthesized efficiently. The obtained rod-coil polymers have the average molecular weight of 15212 (PFPA)
and 15130 (PFNA) with polydispersity indices (PDIs) 1.07 and 1.3, respectively. The polymers have good solubility and high
thermal stability with the decomposition temperature of 362 °C (PFPA) and 367 °C (PFNA) correspondingly. Furthermore the
optical and electrochemical properties of the polymers have been investigated. The polymers exhibited photoluminescence (PL)
maxima at 410 nm (PFPA) and 414 nm (PFNA) excited at 340 nm, as stable blue luminescence polymers at low concentration
of 10−6 M with a quantum yield of 0.64 and 0.62, respectively. In addition the annealed (150 °C) polymer films showed better
stability of its photoluminescence spectra. Absorbance and fluorescence emission spectra of PFPA and PFNA were compared
in order to evaluate the effects of substituent, phenyl and naphthalene in pyridine pendant fluorene moieties.
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1. Introduction

Synthesis of organic materials bearing extended
π-conjugation have captured immense attention in
recent years owing to their unique photophysi-
cal properties which make them promising mate-
rials for diversified applications including organic
light-emitting diodes (OLEDs) [1], organic pho-
tovoltaics (OPV) [2], organic thin film transis-
tors (OTFT) [3], sensors etc. After the discovery
of electroluminescence in a polymeric semicon-
ductor, a large effort has been made to synthe-
size polymers with different chromophoric moi-
eties which make OLED-based technology a pos-
sible alternative to liquid crystal-based displays.
Lately, considerable progress has been documented
in several papers to develop OLED displays for
other niche lighting applications [4, 5]. Red, green,
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and blue emitters are the prime requirements for
the fabrication of full-color displays. The stabil-
ity and efficiency of green and red emitters have
approached commercially viable levels [4–7]. The
search for blue luminophores with high emission
efficiency is a subject of current interest, as they
are essential in high quality full color displays and
white lighting [8, 9]. To respond to the rising de-
mand, various blue luminophors derived from flu-
orene [10, 11], anthracene [12], pyrene [13] and
carbazole [14] have been designed and studied,
some of which have promising prospect in efficient
blue OLEDs.

In the past decade, synthesized fluorene-based
conjugated polymers have emerged as a very
promising class of luminophoric compounds for
the use in polymer light emitting diodes (PLEDs)
because of their high PL and electroluminescence
quantum efficiencies, easy film forming, thermal
stability, good solubility, facile functionalization
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at the C-9 position of fluorene and ready color-
tuning through the introduction of low-band-gap
co-monomers. It is a rigid and planar molecule,
and the electronic and optical properties arise from
its planarity, while the rigidity improves the ther-
mal stability by prohibiting free rotation around
the 1-1” bond of the biphenyl. Several mono-,
oligo-, or polyfluorenes [15–23] have been synthe-
sized to substantiate their potential for preparing
blue organic light emitting diodes with high quan-
tum efficiencies.

Herein, we synthesized two rod-coil homopoly-
mers containing three conjugated aromatic rings, a
pyridyl terminus followed by 9,9’ alkylated chro-
mophoric fluorene and phenyl/naphthyl extended
with decoxy via Suzuki-coupling reaction and sub-
sequent free radical polymerization using AIBN.
The extended decoxy groups in the conjugated seg-
ments imparted the resulting polymers with excel-
lent solubility and film-forming abilities. In con-
trast to fluorene, the polymers showed good ther-
mal stability and exhibited stable blue lumines-
cence at low concentrations. Furthermore, owing
to the tuned rod-coil structure and longer conjuga-
tion length the polymers showed unique optical and
electrochemical properties which could be appli-
cable for various electro-optical applications. Ab-
sorbance and fluorescence emission spectra were
compared in order to evaluate the effects of sub-
stituent phenyl and naphthalene in fluorene moi-
eties containing pyridine at pendent.

2. Experimental
2.1. Materials

All the chemicals used in this work were pur-
chased from Aldrich, ACROS, TCI, Strem,
Fluka, and Lancaster Chemical Co. THF
and dichloromethane were distilled over
sodium/benzophenone and calcium hydride
respectively. Tetra-n-butyl ammonium hexafluo-
rophosphate (TBAPF6) was recrystallized twice
from absolute ethanol and further dried for two
days under vacuum. The other chemicals were
used without further purification. Chromatog-
raphy was performed with Merck silica gel

(mesh 70 to 230) and basic aluminum oxide,
deactivated with water and ethanol.

2.2. Measurements

1H NMR spectra and 13C NMR spectra were
recorded on a Varian unity 300 MHz spectrom-
eter using d-DMSO and CdCl3 as solvents. El-
emental analyses were performed on a Heraeus
CHN-OS Rapid elemental analyzer. Thermogravi-
metric analyses (TGA) were conducted on a Du
Pont Thermal Analyst 2100 system with a TGA
2950 thermogravimetric analyzer at a heating rate
of 20 °C/min under nitrogen. Gel permeation chro-
matography (GPC) analyses were conducted with
a Water 1515 separation module using polystyrene
as a standard and THF as an eluent. UV-Vis absorp-
tion spectra were recorded in dilute THF solutions
(10−6 M) on a HP G1103A spectrophotometer.
Thin films for UV-Vis were spin-coated on quartz
substrates from THF solutions with a concentra-
tion of 1 wt.%. Fluorescence quantum yields (Φf)
were determined by comparing the integrated PL
densities of a reference 9,10-diphenylanthracene
in THF (ca 0.5 × 10−6 M). A BAS 100 electro-
chemical analyzer with a standard three-electrode
electrochemical cell in a 0.1 M tetrabutylammo-
niumhexafluorophosphate (TBAPF6) solution has
been used to calculate cyclic voltammetry (CV)
measurements at room temperature with a scan-
ning rate of 100 mV/s. During the CV measure-
ments, the solutions were purged with nitrogen
for 30 s. A carbon working electrode coated with
a thin layer of the polymers, a platinum wire as
the counter electrode and a silver wire as a quasi-
reference electrode were used, and Ag/AgCl (3 M
KCl) electrode served as a reference electrode for
all potentials quoted herein. The redox couple of
ferrocene/ferrocenium ion (Fc/Fc+) was used as an
external standard. The corresponding highest occu-
pied molecular orbital (HOMO) levels were calcu-
lated using Eox/onset and LUMO values were esti-
mated by the deduction of optical band gaps from
HOMO values [24]. The onset potentials were de-
termined from the intersections of two tangents
drawn at the rising currents and background cur-
rents of the CV curve.
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Fig. 1. Synthetic route for PFPA and PFNA.

2.3. Synthesis

The general synthetic routes of monomers
6a, 6b and polymers (PFPA and PFNA) are
shown in Fig. 1. Both the polymers PFPA and
PFNA have been synthesized by our own proce-
dure [25]. The compound 1a and the compound
1b were synthesized by the O-alkylation of p-
bromophenol/nepthol which further protected the
active OH by silylation in presence of imidazole

to get the compound 2a and the compound 2b
followed by boronation reaction in presence of
n-BuLi to get the compounds 3a and 3b. Fur-
ther Suzuki coupling of the compound 3a and
the compound 3b, with 4-(7-bromo-9,9-diethyl-
9H-fluoren-2-yl)pyridine gave the compounds 4a
and 4b. Desilylation of the compounds 4a and 4b
in presence of TBAF gave the monomer precur-
sors 5a and 5b followed by acrylation to form
the monomers 6a and 6b. The monomer 6a and
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the monomer 6b are polymerized through free
radical polymerization using AIBN to get PFPA
and PFNA.

10-(4-(9,9-diethyl-7-(pyridine-4-yl)-9H-fluo-
ren-2-yl)phenoxy)decylmethacrylate(6a): Com-
pound 5a (1.3 g, 2.37 mmol), 1,3dichloro1,
1,3,3,tetrabutyldistannoxane (131 mg, 0.23 mmol),
2,6-di-tert-butyl-4-methylphenol (52 mg,
0.23 mmol) were taken in a vacuum tight flask
and dried by placing under vacuum. Then, vinyl
methacrylate (1.4 mL, 11.5 mmol) and 1.5 mL of
dry THF were added. The resulting solution was
stirred at 50 °C for 48 h. The product was extracted
with dichloromethane followed by washing with
brine. The solvent was dried over anhydrous
MgSO4 and removed by rotavapor. The crude
product was purified by column chromatography
on Al2O3 using dichloromethane as eluent to yield
white solid (1.3 g, 89 %). 1H NMR (300 MHz,
CDCl3), δ:8.65 (d, 2H), 7.77 (t, 2H), 7.50 to 7.74
(m, 8H), 6.99 (d, 2H), 6.08 (s, 1H), 5.52 (s, 1H),
4.12 (t, 2H), 3.99 (t, 2H), 2.13 (q, 4H), 1.92(t,
2H) 1.63 to 1.82 (m, 5H), 1.25 to 1.46 (m, 12H),
0.37 (t, 6H). 13C NMR (75 MHz, CDCl3), δ(ppm):
159.1, 151.5, 150.6, 149.1, 142.8, 140.8, 139.6,
136.9, 134.1, 128.5, 126.4, 126.1, 125.5, 121.9,
121.6, 121.5, 120.6, 120.5, 115.2, 68.5, 65.2, 56.7,
33.2, 29.9, 29.8, 29.7, 29.6, 29.0, 26.5, 26.3, 18.7,
9.0, MS (FAB): m/z [M+] 614; calc. m/z [M+]
615.37. Anal. calc. for C42H49NO3: C, 81.91; H,
8.02; N, 2.27. Found: C, 81.42; H, 8.05; N, 2.65.

Poly[10-(4-(9,9-diethyl-7-(pyridine-4-yl)-9H-
fluoren-2-yl)phenoxy)decylmethacrylate]
(PFPA): The polymerization was carried out
by the free radical polymerization described as
follows. In a Schlenk tube, monomer 6a (1.5 g,
2.43 mmol) was dissolved in 20 wt.% monomer
concentration of dry THF (7.5 mL) with AIBN
(5 mg, 2 mol.% the monomer concentration) as
an initiator. The solution was degassed by three
freeze-pump-thaw cycles and then sealed off. The
reaction mixture was stirred and heated at 60 °C
for 48 h. After polymerization, the polymer was
precipitated into methanol. The precipitated poly-
mer was collected, washed with diethyl ether, and
dried under high vacuum. Yield: 1.25 g (83.3 %)

of PFPA as a white solid. 1H NMR (300 MHz,
CDCl3), δ (ppm): 8.62 (br, s, 2H), 7.68 to 7.51
(br, m, 10H), 6.93 to 6.90 (br, m, 2H), 3.94 (m,
s, 4H), 2.04 (br, s, 6H), 1.78 (br, s, 2H), 1.61 to
1.32 (br, m, 12H), 0.35 to 0.30 (br, m, 6H). GPC
(THF, polystyrene standard): Mn =14215 g/mol,
Mw = 15212 g/mol, PDI = 1.07, Anal. calc. for
C42H49NO3: C, 81.91; H, 8.02; N, 2.27. Found: C,
82.87; H, 8.15; N, 2.77.

Poly[10-(6-(9,9-diethyl-7-(pyridin-4-yl)-9H-
fluoren-2-yl)naphthalen-2-yloxy) decylmetha-
crylate] (PFNA): Polymer PFNA (Fig. 2) has been
synthesized with the same procedure as PFNA by
taking monomer 6b to yield white solid (yield:
80 %)1H NMR (300 MHz, CDCl3), δ (ppm): 8.60
(br, s, 2H), 7.61 to 7.49 (br, m, 12H), 6.90–6.87
(br, m, 2H), 3.92 (m, s, 4H), 1.98 (br, s, 6H), 1.80
(br, s, 2H), 1.64 to 1.33 (br, m, 12H), 0.38 to 0.32
(br, m, 6H). GPC (THF, polystyrene standard): Mn
=13,349 g/mol, Mw = 15130 g/mol, PDI = 1.13.
Anal. calc. for C46H51NO3: C, 82.97; H, 7.72; N,
2.10. Found: C, 83.72; H, 7.81; N, 2.27.

3. Results and discussions

3.1. Thermal properties

The thermal stability of the conjugated ho-
mopolymers PFPA, PFNA was investigated by
thermogravimetric analysis (TGA), at a heating
rate of 10 °C·min−1 under nitrogen and its re-
sults are shown in Fig. 3. The properties of PFPA
and PFNA are summarized in Table 1. The TGA
analysis indicates that the degradation temperatures
(Td) of the polymers with 5 % weight loss (un-
der nitrogen) are 352 °C and 359 °C for PFPA and
PFNA, respectively. Furthermore, both the poly-
mers have good thermal stability, which is impor-
tant for electro-optical device fabrication including
OLED and its applications. In addition, the impo-
sition of steric hindrance by introducing napthyl
can increase the rod-coil chain, which gives an
improved thermal stability while resulting in neg-
ligible structural defects due to the asymmetric
structure.
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Fig. 2. Structure of PFPA and PFNA.

Fig. 3. TGA measurements of homopolymers at a heat-
ing rate of 10 °C/min.

3.2. Optical properties
The normalized UV-Vis absorption spectra of

the polymers PFPA and PFNA in dilute THF so-
lutions (10−6 M) and solid films are shown in
Fig. 4 and summarized in Table 2. A broad ab-
sorption band with absorption maxima (λmax) at

335 nm in solution and 339 nm in solid film for
PFPA and the maxima at 342 nm (solution), 346 nm
(solid film) for PFNA are observed. The red shift
in the solid films in contrast to those in the solu-
tions is attributed to the better π-π stacking in the
solid films than that in the solutions [25, 26]. A
red shift in the absorption maxima of PFNA than
PFPA, both in the solution and solid films may
be due to extended conjugation gained by the in-
troduction of naphthalene group. The normalized
PL spectra of both PFPA and PFNA in dilute THF
solutions (10−6 M) and solid films were recorded
at an excitation wavelength of 340 nm. Fig. 5
shows the PL spectra of the polymers and the data
are documented in Table 2. The fluorescent emis-
sions both in the solution and thin films appear at
404 nm (sol), 410 nm (film) for PFPA and 407 nm
(sol), 414 nm (film) for PFNA, respectively. The
emission of blue luminescence in the polymers
at very low concentration of 10−6 M is due to
the introduction of strong chromophoric fluorene
group. Furthermore, the photoluminescence quan-
tum efficiencies of the polymers PFPA and PFNA
estimated in THF solution by comparing with
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the standard of 9,10-diphenylanthracene are 64 %
and 62 %, respectively, which indicates that the ma-
terials may be used for high technical applications.
The stability in the PL spectra of the polymers has
been observed with no change after annealing at
150 °C under vacuum for overnight.

Table 1. Molecular weight and thermal properties of
PFPA and PFNA.

Polymer Mn Mw PDI Td [°C]a

PFPA 14215 15212 1.07 352
PFNA 13349 15130 1.13 359

aTemperature of 5 % weight loss

The polymers PFPA and PFNA were almost
equivalent from the optical point of view because
they displayed similar photophysical characteris-
tics disregard to the small bathochromic shift in
their absorption and PL spectra.

Fig. 4. Normalized absorption spectra of polymers in
dilute THF solutions (10−6 M) and solid films.

3.3. Electrochemical properties
In order to get a deeper insight into the elec-

trochemical properties of the polymers, CV mea-
surements were performed (Fig. 6) and the re-
sults were summarized in Table 2. The highest
occupied molecular orbital (HOMO) levels were
calculated according to the following equation:
HOMO = [–(Eonset – 0.45) – 4.8] eV, where 0.45 V
is the value for ferrocene versus Ag/Ag+ and

Fig. 5. Normalized PL spectra of homopolymers PFPA
and PFNA in dilute THF solutions (10−6 M) and
solid films.

4.8 eV is the energy level of ferrocene below the
vacuum [27–29] and LUMO values were estimated
by the deduction of optical band gaps from HOMO
values. In addition, the onset potentials were de-
termined from the intersections of two tangents
drawn at the rising and background currents of
the CV curves. Owing the presence of the same
central fluorene chromophore both in PFPA and
PFNA, the compounds showed similar oxidation
onset of 0.96 V and 0.93 V with HOMO values
of −5.31 and −5.28 eV, respectively. The optical
band gaps estimated from the absorption onsets of
PFPA and PFNA in solid films were 3.09 eV and
3.10 eV, respectively. The respective LUMO were
calculated by subtracting optical band gap from the
HOMO and were found −2.22 eV and −2.18 eV,
respectively.

4. Conclusions
Two chromophoric homo-polymers (PFPA and

PFNA) containing pendant pyridine and chro-
mophoric 9,9-diethylfluorene moiety extended
with conjugated phenyl (PFPA) and naphthalene
(PFNA) have been synthesized. The formations
of monomers and rod-coil homopolymer were
characterized by 1H NMR spectra; 13C NMR
spectra and the molecular weight were calcu-
lated by GPC. The extended decoxy groups in
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Table 2. Optical and Electrochemical properties.

Polymer
Solution Film Eox/onset HOMO Eg LUMO

λmax λmax λmax λmax [V]a [eV]b [eV] [eV]c

(abs in nm) (PL in nm) (abs in nm) (PL in nm)

PFPA 335 404 342 410 0.96 −5.31 3.09 −2.22
PFNA 339 407 346 414 0.93 −5.28 3.10 −2.18

aOnset oxidation and reduction potentials measured by cyclic voltammetry in solid films
bHOMO = [–(Eonset– 0.45) – 4.8] eV, where 0.45 V is the value for ferrocene versus Ag/Ag+ and 4.8 eV is
the energy level of ferrocene below the vacuum
cLUMO has been calculated from optical band gap

Fig. 6. Cyclic voltammograms of polymers in solid
films at a scan rate of 100 mV/s.

the conjugated segments imparted the resulting
polymers with excellent solubility in common
organic solvents like hexane, dichloromethane,
toluene, ethyl acetate, THF, etc. The polymers
PFPA and PFNA showed good thermal stability
and exhibited stable luminescent characteristics
with a quantum yield of 0.64 and 0.62, respectively.
The optical and electrochemical data revealed that
these polymers could be stable candidates for blue
light emitting electronic devices. The PL spectra
of the polymers have shown better stability on an-
nealing. Furthermore, the electro-optical character-
istics can be well tuned by different conjugated
substituents including phenyl, naphthalene, etc., in
the chromophoric moiety.
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