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Abstract. A new photoluminescent polymer with a high
thermal stability and superior color conversion ability was
synthesized from a Suzuki coupling reaction, and its
physical and optical properties were investigated. The
applicability of the synthesized polymer as a color
conversion material was also examined. A color filter was
fabricated using a screen printing method and its optical
properties were measured using a range of equipment after
placing the fabricated color filter on the blue color light
emission device.
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1. Introduction

Conducting photoluminescent polymers (PL) are
very important compounds used in many fields.

Particularly, recent studies on these polymers have
focused on their applicability as display materias such as
organic EL devices or organic semiconductors. In addition,
research on the synthesis of new conductive PL polymers
has also been conducted very vigorously, and many types
of PL polymers, including derivatives of polyalkyl-
fluorene (PAF) [1-10Q], poly-p-phenylenevinylene (PPV)
and polythiophene (PTh), have been presented. Of these,
PAF derivatives are particularly attractive materials due to
their high themal and chemical stability, high
processability, high fluorescence quantum efficiency and
good solubility in a common organic solvent.

The principle of color conversion is that pigments
release new light through sdf-luminescence by absorbing
the light of certain wavdengths. These pigments are a
very useful material sincethey can be used asacolor filter.

Many inorganic substances with their color conversion
properties have already been reported in the US patent [11].
However, it is very rare to find studies on the color
conversion properties of organic substances. It is possible to
do studies on the applicability of PL polymers as a
substance for color conversion by manufacturing a simple
color filter and measuring its optical properties. A genera
color filter is used to filter out light by absorbing certain
wavelengths and allowing only a portion of the visible light
to pass through. The color filter using color conversion
differs from general color filters in that it absorbs certain
wavelengths of light and emits new light through its self-
luminous properties. According to a US patent [11], the
color filter usng color conversion refers to a display
material using photoluminescence. This color filter was
fabricated by forming a color conversion layer on top of a
blue light device Unlike general color filters, organic
pigments absorb the light emitted from a blue light
emission device and release new light through their sdf-
luminous properties. Although previous color filters
showed a decreased brightness compared to the origina
brightness of the back light, the color filter usng color
conversion is advantageous in that the brightness can be
increased to more than the origina brightness of the back
light with low power consumption. Furthermore, it is
consdered a next-generation device with practica
applications in a wide range of fields due to its smple
production and easy pixel formation applicable to screen
printing.

In this study, we synthesized a new PAF
derivative with high PL efficiency and thermal stability
and investigated its physical and optical characteristics.
The applicability of the synthesized polymer as a color
conversion material was also investigated.
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2. Experimental

2.1. Instrumentation

The polymer molecular weight was determined
using a Water's adliance 2000 gel permeation
chromatography (GPC) instrument calibrated with
polystyrene standards. 'H- and *C-NMR spectra were
recorded at 500 MHz on a Varian Unity Inova
spectrometer in CDCl3 solution. GC-Mass spectra were
obtained using a Shimadzu Corporation QP-1000A
spectrometer. Absorption and photoluminescence (PL)
emission spectra of the polymer were measured using an
Optizen 3220 UV/Vis spectrophotometer and a spectra
pro 2150i spectrometer, respectively. Thermogravimetric
analysis (TGA) and differential scanning calorimetry
(DSC) of the polymer were carried out under a nitrogen
atmosphere at a heating rate of 10°/min using Setaram,
Betsys 24 TG-DTA and Seiko, SSC5200H instruments,

respectively.
2.2. Materials

The monomer, 9,9-dioctylfluorene-2,7-bis(trime-
thyleneborate) 5, and the reaction precursor, 2,7-dibromo-
O-fluorenone 2, and two end capping reagents, 2-
thiophene boronic acid and 2-(4-bromophenyl)-5-phenyl-
1,3,4-oxadiazole, were purchased from Aldrich Chemical
Co. and used without further purification.

2.3. Synthesis

9,9-Big(4-hydroxyphenyl)-2,7-dibromofluorene 3
and 4,7-dibromo-2,1,3-benzothiadiazole 6 were obtained,
as described previoudly [7, §].

9,9-Big(4-n-octyloxyphenyl)-2,7-dibromofluorene
4. In a nitrogen atmosphere, 1-bromooctane 1 (4.56 g,
23.6 mmol) was added to a solution of 9.9-big(4-hydro-
xyphenyl)-2,7-dibromofluorene 3 (3.00 g, 5.90 mmol) in
DMSO (45 ml), and the reaction mixture was stirred.
After confirming that the mixture had been melted
sufficiently, 0.942 g of NaOH was added and the reaction
mixture was heated to 339K, held at that temperature for
approximately 7 h, and cooled to room temperature. The
reaction mixture was poured into water and extracted with
EA. The organic extracts were dried over MgSO, and
concentrated by rotary evaporation. The crude product
was purified by column chromatography (silica gel,
Hexaneg/EA (2.1, viv), R 0.85) to provide 4.0lg
(5.48 mmoal) of the title compound as a light brown solid.
Yield: 93%. Mass m/iz 732. 'H-NMR (CDCls, ppm)
0. 71.52(d, 2H), 7.46(s, 2H), 7.43(d, 2H) 7.04, 6.75, 3.87,
1.74~1.26, 0.87. *C-NMR (CDCl;, ppm) &: 114.30,
121.46, 128.94, 130.67, 136.20, 153.73, 158.20, 67.88,
64.34, 31.77, 29.22, 26.02, 22.622, 14.07.

Polymerization. The polymer was synthesized by
Suzuki cross-coupling polymerization. The phase transfer
catalyst, diquat 336 (0.70 g), tetraki(triphenyl-
phosphine)palladium (0.02 g) and 2 M aqueous sodium
carbonate (25 ml) were added sequentidly to a mixture
of  9,9-bis(4-n-octyloxyphenyl)-2,7-dibromofluorene 4
(1.63 g, 2.24 mmal), 9,9-dioctylfluorene-2,7-bis(trime-
thyleneborate) 5 (2.50 g, 4.48 mmoal), and 4,7-dibromo-
2,1,3-benzothiadiazole 6 (0.653 g 2.24 mmal) in toluene
(35 ml) under nitrogen. The solution was stirred vi-
gorously and heated under gentle reflux for 1 h until a
viscous reaction mixture was observed. An additional
10 ml of toluene was added, and the reaction allowed to
continue for further 48 h. Subsequently, the polymer was
capped by adding 0.05 g of 2-(4-bromophenyl)-5-phenyl-
1,3,4-oxadiazole and heating for 6 hours, followed by the
addition of 0.15 g of 2-thiophene boronic acid and heating
for 6 h. The reaction mixture was cooled to 323K and
added dowly to a girred solution containing 500 ml of
methanol and 50 ml of deionized water. The polymer
fibers were collected by filtration and washed with
methanol. The crude product was dissolved in toluene and
reprecipitated with methanol-acetone (1:1). The solid
material was washed with acetone for 24 h in a Soxhlet
apparatus and dried in a vacuum oven at 333K for 24 h.
The polymer weighed 3.12 g (approximately 94 % yield).
'H-NMR (CDCls, ppm) &: 809-6.81, 3.91~343,
2.16~2.04, 1.74~1.68, 1.33~1.15, 0.79~0.76. *C-NMR
(CDCl3, ppm) §: 157.99, 154.37, 152.93, 151.79, 140.90,
138.91, 138.86, 137.8, 136.47, 133.62, 132.06, 128.47,
126.70, 124.68, 123.97, 121.44, 120.06, 114.16, 67.90,
64.47, 61.47, 55.36, 48.82, 40.27, 31.80, 30.78, 29.23,
26.31, 26.08, 23.92, 22.58, 14.08.

Color filter fabrication. The applicability of the
synthesized polymer as a color conversion material was
examined using the following procedure. The color filter
solution was produced by mixing PVC binder with 10 %
toluene solution at a mixing weight ratio of 1:1. The
solution for the color filter was printed on a PET film by
screen printing and dried for 3 h at 333 K. The optica
properties of the color filter were measured using a range
of equipment after placing the produced color filter on the
blue color light emission device.

3. Results and Discussion

Reaction monomers 9,9-big(4-hydroxyphenyl)-2,7-
dibromofluorene 3 and  4,7-dibromo-2,1,3-benzo-
thiadiazole 6 were synthesized using the procedure
reported previously [7, 8]. The structural analytical results
corresponded to the literary data. As shown in Scheme 1,
9,9-bis(4-n-octyl oxyphenyl)-2,7-dibromofluorene 4 was
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synthesized by the reaction of 9,9-bis(4-hydroxyphenyl)-
2,7-dibromofluorene 3 with 1-bromooctane 1 in an

aqueous NaOH solution.
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Scheme 1. Synthetic route of monomer 4

The structure was characterized by *H-NMR and
BBC-NMR spectroscopy, and mass spectrometry. In the
mass spectrum, the base peak was observed at 732(M")
and a typical fragmentation pattern was noted. *H-NMR
spectra  of  9,9-bis(4-n-octyloxyphenyl)-2,7-dibromo-
fluorene 4 showed the following ¢ values: 7.52(d, 2H),
7.46(s, 2H), 7.43(d, 2H) ppm for H atoms on the fluorene
benzene ring, 7.05~6.75 ppm for H atoms on the
phenyl ring adjacent to C-9, 3.87 ppm for H atoms
on —OCHx—, and 1.74~0.85 ppm for H atoms on -OCgH 37,
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except for -OCH,—. The *C-NMR spectra of monomer 4
showed the following ¢ values: 114.03~158.20 ppm for C
atoms of the phenyl ring, 67.88 ppm for C atom adjacent
to the oxygen of phenyl group, 64.34 ppm for C-9 atom of
fluorene, and 31.77~14.07 ppm for C atoms of the octyl
group.

Fluorene-benzothiadiazole copolymer 7 was
synthesized by Suzuki cross-coupling polymerization
between  9,9-big(4-n-octyloxyphenyl)-2,7-dibromofluc-
rene 4, 4,7-dibromo-2,1,3-benzothiadiazole 6 and 9,9-
dioctylfluorene-2,7-bis(trimethyleneborate) 5. Scheme 2
shows the synthetic route for copolymer 7. Copolymer 7
was characterized and verified by '"H-NMR and *C-NMR
with CDCl; as the solvent. *H-NMR spectra of copolymer
7 showed the following J values: approximatey
8.03~6.81 ppm for H atoms on the phenyl ring and
benzothiadiazole ring, 3.91~3.43 ppm for H atoms on
—OCHz -, and 2.16~0.76 ppm for H atoms on the octyl
groups, except for —OCH,— From BCNMR spectra,
signals were observed at approximately 158~114 ppm for
C atoms of the phenyl ring and benzothiadiazole ring,
approximately 48~14 ppm and 67.90 ppm for the octyl
groups, and 64~55 ppm for C-9 atoms of the fluorene ring.
Figs. 1 and 2 show 'H-NMR and *C-NMR spectra of

copolymer 7, respectively.

BrAQm
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6

1) Pd(0), Allquat 336, 2M NaCO3
2) 2-(4-bromophenyl)-5-phenyl-1,3,4-oxadiazole
3) 2-thiophene boronic acid

60 h,363 K

Scheme 2. Synthetic route of copolymer 7
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Fig. 3. TGA thermogram of copolymer 7

Fig. 1. "H-NMR spectra of fluorene-benzothiadiazole copolymer 7

Fig. 2. ®*C-NMR spectra of fluorene-benzothiadiazole copolymer 7

Tablel

Physical and optical properties of copolymer 7
M2 [ M2 [ PDIEMWJM,) | ToK | T K | Amaxans M | Zer, nm | ES, &V
18055 | 37927 2.10 105 | 410.8 345 545 2.46

Notes: *M,, M,, and PDI of the polymer were determined by gel permestion
chromatography (GPC) using polystyrene standards. "Temperature of 1.6 % weight
loss measured by TGA in nitrogen. “Estimated from the onset of the absorption edge
responsible for the copolymer.
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The molecular weight of copolymer 7 was
measured by calibrated with polystyrene standards. Table
1 ligs the weight-average molecular weight (M),
number-average  molecular  weight (M,), and
polydispersity index (PDI). The thermal properties of the
resulting polymer 7 were measured by TGA and DSC
under a nitrogen atmosphere. The glass trandtion
temperature (Ty) of polymer 7 was approximately 378 K,
which is higher than that of the poly(9,9-
disubstitutedfiuorene) derivatives (~328 K) [9] due to the
attachment of two 4-octhyloxyphenyl groups to C-9
position of the fluorene unit. As shownin Fig. 3, the TGA
thermogram of copolymer 7 exhibited two weight-loss
plateaus. At lower temperatures, almost no weight loss
was observed. The side chain in the copolymer
decomposed first at 593-783 K ; its onset temperature for
thermal bond cleavage was approximately 683 K. The
polymer backbone was subjected to decomposition at
783-983 K, where the onset temperature for thermal bond
cleavage was at 805 K. These findings demonstrated the
good thermal stability of the resulting polymer.

The optical properties of copolymer 7 were
analyzed by UV-Vis and PL spectroscopy. Fig. 4 shows
the UV-Vis and photoluminescence (PL) spectra of
copolymer 7, which was measured in methylene chloride
at room temperature. Copolymer 7 showed an absorption
band at Amax = 345 nm (shoulder at 440 nm). From the
onset of the absorption peak, the optical band gap of
copolymer 7 was estimated to be 2.46 eV. The PL spectra
of copolymer 7 inthin film were taken under excitation of
325 nm line of He-Cd laser. A thin film of copolymer 7
was prepared from a toluene solution by spin-coating on a
quartz plate. Copolymer 7 exhibited the maximum
emission band at 545 nm, indicating that the synthesized
polymer emitted yellowish-green light.

The applicability of the synthesized polymer as a
color conversion material was also examined. A color
filter solution was produced by mixing the PVC binder
with 10 % toluene solution. The color filter was fabricated
by printing the color filter solution on a PET film based
on the screen print method. The optical properties of the
color filter were aso measured using a range of
equipment after placing the fabricated color filter on top
of the blue color light emission device. Table 2 lists the
optical properties of the color filter during color
conversion.

The general color filter absorbs certain wavel engths
of light, allowing only a proportion of the visible light to
pass through. Therefore, the color filter blocks a
considerable amount of light to present a much lower
brightness than the origina brightness of the back light.
On the other hand, the color filter fabricated in this study
presented higher brightness than the original brightness of
the back light. The light transmittance of the color filter

was approximately 45 %, indicating that the brightness
must have been decreased by approximately 55 %
compared to that of the back light. On the other hand,
according to the study results, the measured brightness
(159 cd/m?) was approximately 48.6 % higher than that
(107 cd/n?) measured for the device without a color filter.
This was attributed to the self-luminosity of the PL
polymer. The CIE coordinates werex = 0.27 and y = 0.48
(yellowish-green color). Fig. 5 shows the emission image
when the color filter was placed on top of the blue color
light emission device. The figure confirms that the
yellowish-green color passed through the color filter.

345nm sésnm Absorption
—— Emission
II’\
- /
- Jr
g~
Bé‘ﬂ 4CIOD Eé‘ﬂ ESD TCIOD BSD
Wavelength (nm)
Fig. 4. UV-Visand PL spectra of copolymer 7
Table 2
Characteristicsof the color filter produced by screen
printing
Filter | x y | Cdm® Color Transmittance
X 1016|018 | 107 Blue -
O |027|048| 150 | Yelowish 45%
green

Transmittance refersto the value of color filter film measured
by aUV-Vis spectrophotometer.

Fig. 5. Emission picture of the color filter

4. Conclusions

A new PL polymer was synthesized by a Suzuki
coupling reaction and its optical properties and applicabi-
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lity as a color converson materia were studied. The
synthesized PL polymer showed good thermal stability
and superior color conversion ability. The decomposition
temperature (Ty) was 683.8 K, and the Ty was 378 K. The
polymer exhibited M,, of 37927, M,, of 18055, and PDI of
2.10. The main absorption peak in the UV-Vis spectra of
copolymer 7 was observed at 345 nm, followed by a
shoulder peak at 440 nm. PL spectra of copolymer 7 in the
thin film showed a maximum emission band at 545 nm.
The applicahility of this polymer for use as a color
conversion material was aso investigated. The color filter
was fabricated by screen printing and its optical properties
were measured using a range of equipment after placing the
fabricated color filter on the blue color light emission
device. The transmittance of the color filter was
approximately 45 %. The brightness of the blue color light
emission device without the filter was 107 cd/m?. This was
significantly lower than 159 cd/m’ observed when the color
filter fabricated in this study was placed on top of the
device. This 48.6 % increase was attributed to the ability of
the organic polymer on top of the blue light emission
device to absorb the blue light released from the device and
emit yellowish-green light through color conversion.
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BUBYEHHA CTPYKTYPU ®JIYOPEH-
BEH3O0TIAATA30JIbHOI'O KOIMOJIMEPY TA
AK MATEPIAJLY 3JATHOI'O
IMEPETBOPIOBATH KOJIIP

Anomauin. 3a peaxyieio Cy3yki cunme3068ano Hosuil pomo-
JITOMIHECYEHMHULL NONIMED 3 UCOKOI0 MEPMIYHOI0 CMAOLTbHICIIO |
HAO36UYAliHOIO ~ 30amuicmio 00  NePemBOpeHHs  KOAbOpY.
Jocniooceno tioco izuuni i onmuuni eracmusocmi. Iloxazano
MOJICIUBICMb — 3ACMOCYBANHA  CUHME308AHUX — NONIMepIe  AK
mamepiany 30amHoz20 nepemeoprosamu Koup. 3 UKOPUCMAHHAM
Memooy mpapapemuozo OpyKy U20mosieHo KOIbOposull Qhinbmp i
BUMIDAHI 11020 ONMMUYHI BIACTUBOCI, BUKOPUCTOBYIOUU UUPOKULL
chekmp 0ONAOHAHHSL.

Knrowoei  cnosa:.  npogionuii  gpomoniominecyeHmuuii
nonimep, NEPEMEOPEHHs KONbOPY, NOMLANKIIQDIYOp, KOMbOPOBUl
@inemp, kononimep.



