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ABSTRACT: A novel starlike polyfluorene derivative, PFO-SQ, was synthesized by the Ni(0)-catalyzed
reaction of octa(2-(4-bromophenyl)ethyl)octasilsesquioxane (OBPE-SQ) and polydioctylfluoroene (PFO).
The incorporation of the silsesquioxane core into polyfluorene could significantly reduce the aggregation
as well as enhance the thermal stability. The DSC study showed an elimination of the glass transition
and crystallization as well as a significant reduction of the melting enthalpy in PFO-SQ. The UV—vis
absorption spectra in a different solvent combination or solid-state film showed an intensity reduction of
the aggregation peak for PFO-SQ in comparison with that of PFO. The stability of the photoluminescence
spectra of PFO-SQ could be up to 150 °C, while that of PFO showed a significant green emission at 530
nm. A single-layer LED device using PFO-SQ showed a turn on voltage of 6.0 V, a brightness of 5430
cd/m? (at a drive voltage of 8.8 V), and a current density of 0.844 A/cm?. The maximum luminescence
intensity and quantum efficiency of PFO-SQ were almost twice as good as those of the PFO
electroluminescent device. Hence, the incorporation of the inorganic silsesquioxane core into polyfluorenes
could provide a new methodology for preparing organic light-emitting diodes with improved thermal and
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optoelectronic characteristics.

Introduction

Conjugated polymers have been extensively studied
for their potential applications in electroluminescent
displays,! solar cells,? and thin film transistors.3 Among
many promising conjugated polymers, polyfluorenes
(PFO) have been recognized as a candidate for blue
light-emitting diodes (LED) because of their processi-
bility, high fluorescence quantum yield, and good charge
transport properties.*~* However, polyfluorenes tend
to form aggregates and/or interchain excimers during
device fabrication and operation, leading to a red-shifted
emission and lower efficiency.>~1! Recently, the red-
shifted emission was also attributed to the emissive keto
defect sites due to thermo- or electro-oxidative degrada-
tion of the polyfluorene backbone.? As a result, the pure
blue emission was changed to an undesired blue-green
color.

Various strategies have been used to reduce the
formation of aggregation or keto defects in polyfluo-
renes, including (a) the introduction of bulky side chains
or dendronization,®-99 (b) using spiro-linked® 7.8 or
cross-linked®P10 structure, (c) copolymerization to induce
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disorder,%6a8 (d) improving oxidative stability of pen-
dant groups®" or chain ends,>*° and (e) blending with a
high glass transition temperature polymer to limit the
chain mobility.1!

Organic—inorganic hybrid materials could improve
the thermal stability of conjugated polymers as well as
tune their morphology. The brightness and quantum
efficiency of polyfluorenes was improved by incorporat-
ing a bulky polyhedral oligomeric silsesquioxane (POSS)
into the chain end.® The significantly enhanced elec-
troluminescent characteristics were attributed to the
reduction of aggregation/excimers or lower keto defects.
However, the reported monosubstituted POSS had only
one reactive functional site and thus used as end-
capping group for the PFO, which might limit the
enhancement of thermal stability or possibly the degree
of decreasing excimer formation. Therefore, developing
new polymer architecture based on the POSS could be
of both scientific and application interest.

In this study, starlike polyfluorene based on a sil-
sesquioxane core was synthesized and characterized, as
shown in Schemes 1 and 2. A new silsesquioxane core,
octa(2-(4-bromophenyl)ethyl)octasilsesquioxane (OBPE-
SQ), was synthesized by the hydrosilylation reaction of
4-bromostyrene with octa(hydrido)octasilsesquioxane
(Ts). The OBPE-SQ then served as a core to couple with
the dibromo chain end of poly(dioctylfluorene) by Ni-
(0)-catalyzed coupling. The starlike PFO-SQ could not
only be used as a bulky group to reduce the aggregation
of the PFO but also enhance the thermal stability by
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Scheme 1. Synthesis of Tg and OBPE-SQ
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the inorganic core. The chemical structure, thermal
properties, and optoelectronic characteristics are re-
ported in the present study.

Experimental Section

Materials. Trichlorosilane (HSiCl;, 98%, Acros), 4-bro-
mostyrene (98%, Acros), 9,9-dioctyl-2,7-dibromofluorene (96%,
Aldrich), hydrogen hexachloroplatinate(l1V) (H.PtCls, 99%,
Acros), bis(1,5-cyclooctadiene)nickel(0) (99%, Aldrich), 2,2'-
dipyridyl (99+%, Aldrich), 1,5-cyclooctadiene (99+%, Aldrich),
ultra-anhydrous-grade toluene (99.9%, TEDIA), and dimeth-
ylformamide (DMF, 99.9%, TEDIA) were used without further
purification.

Synthesis of Octa(2-(4-bromophenyl)ethyl)octasilsesquioxane
(OBPE-SQ). Octa(hydrido)octasilsesquioxane (Tg) was syn-
thesized by the hydrolytic condensation reaction of trichlo-
rosilane.’®* Then, OBPE-SQ was prepared by the hydrosily-
lation reaction of 4-bromostyrene with (Ts), as shown Scheme
1. The details of the synthesis follow. H,PtCls was dissolved
in 2-methoxyethyl to form a 1 wt % solution before use. In a
50 mL flask, Ts (1.24 g, 2.93 mmol) was dissolved in 4-bro-
mostyrene (12.84 g, 70.2 mmol). Three drops of H,PtCls
solution was then added. In the following, the solution was
refluxed at 115 °C for 6 h under nitrogen atmosphere. After
cooling the reaction mixture to ambient temperature, the
product was precipitated into stirring methanol, filtered,
dissolved in acetone, and then precipitated in methanol again.
The above purification procedures were repeated twice. The
obtained product was then dried in a vacuum at 60 °C for 12
h. A colorless, highly viscous, and fluidlike product with the
yield of 67% (3.7 g) was thus obtained. *H NMR (500 MHz,
CDClg, ppm): 7.1—-7.5 (m, 32H, aromatic CH), 2.65 (br, 13.4H,
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CH,_CH,_Ar,  adduct), 2.25 (br, 1.3H, —CH(CHg)—Ar, o
adduct), 1.4 (br, 3.9H, —CH(CH3)—Ar, a adduct), 0.9 (br, 13.4H,
—Si—CH,-CHj, 8 adduct). *C NMR (100 MHz, CDCls, ppm):
0 142.4, 131.3, 129.6, 119.5, 28.2, 13.3. *Si NMR (100 MHz,
CDCls, ppm): —66.5. Anal. Calcd for CssHssBrsO12Sis (%): C,
40.68; H, 3.39. Found (%): C, 40.42; H, 3.36.

Synthesis of Poly(9,9-dioctylfluorene) (PFO). The synthesis
of PFO used a similar procedure to that reported in the
literature.® Anal. Calcd for CaoHso (%): C, 89.69; H, 10.31.
Found: C, 89.00; H, 10.44.

Synthesis of Starlike Polyfluorene Using the Silsesquioxane
as the Core (PFO-SQ). A 170 mg (0.64 mmol) amount of bis-
(1,5-cyclooctadiene)nickel(0), 100 mg (0.64 mmol) of 2,2'-
bipyridyl, and 69.2 mg (0.64 mmol) of 1,5-cyclooctadiene were
added to a 50-mL flask containing 10 mL of DMF and 10 mL
of toluene. The solution was preheated at 60 °C under nitrogen
atmosphere for 30 min. Then, 190 mg of PFO (0.014 mmol
based on the number-average molecular weight (Mp) of 14 000)
and 10 mg of OBPE-SQ (0.0053 mmol) were added into the
flask. The mixture was heated at 100 °C for 6 h and then
poured into 200 mL of stirring methanol. The precipitate was
washed with hydrochloric acid and acetone. Then, 189 mg of
crude product was obtained (91.7% yield). The crude product
was dissolved into chloroform, and the insoluble fraction was
filtered out and dried in a vacuum at 60 °C for 12 h. A 140 mg
amount of the chloroform-soluble part and 40 mg of the
chloroform-insoluble part were obtained. Characterization of
the chloroform-soluble fraction is given below. IR (KBr, cm™):

2930 and 2850 (alkyl C—H), 1460 (ring), 1120 (Si—O-Si),
and 810 (aryl C—H, wag). *H NMR (500 MHz, ppm, CDCls):
0 7.8 (br, 2H), 7.6 (br, 4H), aliphatic 6 2.12 (br, 4H), 1.14 (br,
20H), 0.80 (m, 10H). Anal. found for PFO-SQ. (1) Soluble part
in chloroform (77.8%): C, 87.82; H, 10.11. (2) Insoluble part
in chloroform (22.2%): C, 82.25; H, 9.34.
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Characterization. 'H, 13C, and #Si nuclear magnetic reso-
nance (NMR) data were obtained by a Bruker AV 500 MHz
spectrometer. Fourier transform infrared (FTIR) spectra of the
synthesized materials were obtained by a Digilab FTS 3500GX
with a resolution of 4 cm~?. Gel permeation chromatographic
analysis was performed on a Lab Alliance R12000 instrument
(two columns, MIXED-C and D from Polymer Laboratories)
connected with one refractive index detector from Schambeck
SFD Gmbh. All GPC analyses were performed on polymer/
THEF solution at a flow rate of 1 mL/min at 40 °C and calibrated
with polystyrene standards.

Thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC) measurements were performed under a
nitrogen atmosphere at a heating rate of 20 and 10 °C/min
using a TA instrument TGA-951 and DSC-910S, respectively.
UV—vis absorption and photoluminescence (PL) spectra were
recorded on a Jasco model UV/VIS/NIR V-570 spectrophotom-
eter and FP-6200 spectrofluorometer, respectively. For the
solution spectra, polymers were dissolved in chloroform (~10-6
M) and then put in a quartz cell for measurement. For the
thin film spectra, polymers were first dissolved in chloroform
(1 wt %) and then spin-coated on glass substrates at 1000 rpm
for 30 s. Then, the film samples were dried at 50 °C under
vacuum. The solution PL quantum efficiencies (®p.) were
measured by excitation of the respective polymer solutions at
380 nm and compared with the solution emission of quinine
sulfate in 0.5 M H;SO4 (ca. 10 M solution, ®p. = 0.546).14
The solid-state ®p. was determined by comparing the PL of
the respective polymer films (lex = 380 nm) with the PL of
the fresh PFO film (®p_ = 0.55).4¢1% For investigating the
thermal stability of the prepared polymers, films were an-
nealed on a hot plate in air at 100, 150, and 200 °C for 1 h,
each. For investigating the keto defects from FTIR, films were
annealed at 200, 225, and 250 °C for 1 h each, respectively.

Device Fabrication and Testing. The electroluminescent
(EL) devices were fabricated on an ITO-coated glass substrate
that was precleaned and oxygen plasma treated before use. A
layer of poly(ethylene dioxythiophene):poly(styrene sulfonate)
(PEDOT:PSS, Baytron P from Bayer Co.), 40 nm thick, was
formed by spin-coating from its aqueous solution (1.3 wt %).
The EL layer was spin-coated at 2000 rpm from the corre-
sponding p-xylene solution (15 mg mL™1) on top of the vacuum-
dried PEDOT:PSS layer. The nominal thickness of the EL
layer was 65 nm. Under a base pressure below 1 x 107 Torr,
a layer of Ca (30 nm) was vacuum deposited as cathode and a
thick layer of Ag was deposited subsequently as the protecting
layer.

Current—voltage characteristics were measured with a
Hewlett-Packard 4155B semiconductor parameter analyzer.
The power of EL emission was measured using a Newport
2835-C multi-function optical meter. The brightness was
calculated using the forward output power and the EL spectra
of the devices, assuming Lambertian distribution of the EL
emission.

Results and Discussion

Synthesis of the OBPE-SQ. Figure 1 shows the
FTIR spectra of Tg, OBPE-SQ, PFO, and PFO-SQ. The
spectrum of Tg shows three major characteristic peaks
at 2250 (Si—H stretching), 1120 (Si—O—Si stretching),
and 860 cm™! (Si—H bending). The Si—H stretching
band at 2250 cm~! completely disappears in the FTIR
spectrum of OBPE-SQ. The 'H NMR spectrum also
showed that the Si—H bond (6 = 4.23 ppm) of Tg is not
present in that of OBPE-SQ. The Si—C band (at 1074
cm™1) overlaps with the Si—O—Si band and thus could
not be clearly observed in the FTIR spectrum. However,
formation of the Si—C bond at 6 13.3 ppm was observed
in the 13C NMR spectrum of OBPE-SQ. Moreover, the
29Si NMR spectra of Tg and OBPE-SQ showed a single
Si—H(cage) peak and a Si—C(alkyl, cage) peak at —84.5
and —66.5 ppm, respectively, providing further evidence
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Figure 1. FTIR spectra of Ts, OBPE-SQ, PFO, and PFO-
SQ.

for intact cage structure.’®> The formation of a- and
B-adducts of OBPE-SQ was observed in both the 'H and
13C NMR spectra (see Supporting Information). The
proportion of the g-adduct (84%) of OBPE-SQ was
higher than that of the a-adduct (16%) due to steric
hindrance, which was similar to other silsesquioxane
derivatives reported in the literature.’>2 The FTIR band
at 1456 cm~1! in the OBPE-SQ spectrum is assigned to
the phenyl ring stretching. Both the NMR and FTIR
results suggested that Tg was functionalized by bro-
mophenylethyl through the hydrosilylation reaction. It
is important for Tg to be fully functionalized because
any remaining Si—H would be thermally unstable and
chemically reactive to base and water. The synthesized
OBPE-SQ with eight reactive functional sites could be
further reacted with conjugated polymers by Suzuki
coupling, Heck reaction, or Yamamoto coupling.

The carbon and hydrogen contents of OBPE-SQ from
the elemental analysis are in a good agreement with
the theoretical values. The arm number of OBPE-SQ
is estimated to be 7.9 based on the C content from
elemental analysis. The number-average molecular
weight (M,) and PDI of OBPE-SQ estimated from GPC
are 1196 and 1.02, respectively. The My is lower than
the theoretical molecular weight of 1888. The underes-
timated value could be explained by its spherical
structure compared to the linear structure of the
polystyrene standard.’® However, the narrow PDI, the
consistent elemental analysis, and the NMR and FTIR
results described in the previous paragraph suggest the
successful synthesis of OBPE-SQ.

Synthesis of PFO-SQ. The FTIR spectra of PFO
and PFO-SQ are also shown in Figure 1. The absorption
bands in the IR spectrum of PFO are similar to those
reported in the literature.’%@ The Si—O—Si absorption
band at 1120 cm~! shown in the spectrum of PFO-SQ
indicates the successful incorporation of the silsesqui-
oxane core into PFO, since it is not shown in that of
PFO. The similar Si—O—Si peak position of PFO-SQ
with those of Tg and OBPE-SQ also suggests retention
of the cage structure in the synthesized polymer. Note
that the Si—O—Si peak position of the silsesquioxane
cage would be shifted to a lower wavenumber at 1120
cm~1 if it was structurally transformed to an unsym-
metrical structure.’” The 'H and *C NMR of PFO and
PFO-SQ were almost identical because of the low POSS
content around 3.8 wt % in PFO-SQ.

The molecular weights (My, My) of PFO and PFO-
SQ estimated from GPC were 33 000, 14 000 and
65 000, 17 000, respectively. The higher molecular



2338 Linetal.

-
(o2} [e:] o
o o o

S
o

Weight Residue (%)

N
o
T
1

O 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900
Temperature (°C)

Figure 2. TGA curves of PFO and PFO-SQ at a heating rate
of 20 °C/min under nitrogen atmosphere.

weight of the latter suggests attachment of the PFO as
the arm of the silsesquioxane core. For an eight-arm
starlike PFO-SQ, the weight percent of OBPE-SQ is
1.7% by using the M, of 14 000 and 1888, respectively.
However, the weight percent of OBPE-SQ in PFO-SQ
estimated from elemental analysis is 3.8 wt %, which
corresponds to an average number of 3.5. On the other
hand, the molecular weights of conjugated polymers are
generally overestimated because of their rodlike con-
formation. For example, the molecular weight of poly-
(3-hexylthiophene) estimated GPC was 75 000, but that
from MALDI-TOF MS spectra was 36 000.18 Hence, the
average arm number could be 7 if the estimated M, of
the PFO was 7000. Nevertheless, both GPC and el-
emental analysis results suggest PFO-SQ is a starlike
polymer consisting of PFO arms on the silsesquioxane
core.

The weight percent of OPBE-SQ in PFO-SQ is lower
than the original feed ratio of 5%. It is due to the
removal of the cross-linked PFO resulting from the
bromide coupling reaction on the two ends of PFO. For
the current interest of the soluble conjugated polymers
on device applications, only the properties and device
characteristics of the chloroform-soluble PFO-SQ were
investigated.

Thermal Properties. Figure 2 shows the TGA
curves of PFO and PFO-SQ, which show the thermal
decomposition temperatures (T4, 95 wt % residue) at 424
and 429 °C, respectively. The order of T4 and the 900
°C residue are on the same order of PFO-SQ > PFO,
which suggests that the incorporation of the silsesqui-
oxane core could enhance the thermal stability of PFO.
Figure 3 shows the DSC curves for the PFO and PFO-
SQ. The DSC curve of PFO shows three major transi-
tions: a glass transition (Tg) at 63 °C, a crystallization
exothermal peak at 93 °C, and a melting endothermal
peak at 154 °C.*@ However, only a small melting peak
at 158 °C appears for PFO-SQ. It has been reported
that the spiro-linked” or cross-linked®® structure could
raise or even eliminate Tg. The insignificant Ty in PFO-
SQ suggests that the polymer chain mobility is largely
suppressed by the silsesquioxane core. Also, the absence
of a crystallization peak indicates that the silsesquiox-
ane prevents the polymer chain from packing regularity.
It might be attributed to the 3-D linkage of silsesqui-
oxane with the PFO extending in a different direction
since conjugated polymers are rigid and difficult to bend.
The enthalpy of the melting peak for PFO-SQ was 5.7
J/g, which was smaller than that of PFO with 9.0 J/g.
The DSC results suggested that PFO-SQ significantly
reduced the chain mobility and packing ability of PFO.
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Figure 3. DSC curves of (a) PFO and (b) PFO-SQ at a
heating rate of 10 °C/min under nitrogen atmosphere.

Optoelectronic Properties

Absorption and Photoluminescence. The solution
of PFO and PFO-SQ in chloroform shows almost
identical absorption and emission peaks (see Supporting
Information). The peak maxima (Amax) of the absorption
and emission are 384 and 417 nm, respectively, which
are similar to those reported in the literature.* However,
a slight difference is observed on the spectrum shoulder
at >500 nm, which is due to the aggregation/excimer
formation. Since chloroform is a good solvent for PFO,
almost no aggregation band is shown in the spectra.
However, a new absorption peak at 437 nm due to
aggregation appears if the polymer is dissolved in a poor
solvent (equal volume mixture of chloroform and dichlo-
roethane). The absorption intensity of the aggregation
peak at 437 nm is smaller in PFO-SQ than PFO. Also,
the Amax of the emission spectrum of the PFO shows a
6 nm shift from 416 nm in chloroform to 422 nm in the
mixed solvent but only a 3 nm shift for the case of PFO-
SQ. Moreover, the aggregation/excimer formation at
>500 nm is smaller in PFO-SQ than PFO. The solution
guantum efficiency of PFO-SQ is 0.74, which is slightly
higher than that of PFO with 0.72.

Figure 4a shows the normalized absorption and
photoluminescent spectra of PFO and PFO-SQ films.
Similar conclusions on Amax and the intensity of the peak
shoulder are obtained in the comparison of PFO and
PFO-SQ as those discussed in the solution spectra.
PFO-SQ also shows a higher PL quantum efficiency of
0.64 than that of PFO with 0.55. These results suggest
that incorporation of the silsesquioxane core into the
PFO could suppress the formation of aggregates. How-
ever, the difference on the aggregation absorption band
around 435 nm was not observed between PFO and
PFO end-capped POSS in the literature.® It might be
due to the difference of the molecular architecture
(starlike in the present study and end-capped in the
literature®) or the silsesquioxane content. Note that the
silsesquioxane content in PFO-SQ and POSS end-
capped PFO?® are 3.8% and 1.2%, respectively.

Color and luminescence stability under elevated tem-
peratures are very important polymer LED since the
temperature inside the devices could exceed 86 °C de-
pending on the operating conditions.!® The significance
of incorporation of the silsesquioxane core into PFO on
the luminescence properties is shown by heating the
films. Parts b, ¢, and d of Figure 4 show the normalized
absorption and PL emission spectra of the annealed
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Figure 4. Normalized UV—vis absorption and photolumines-
cence (PL) spectra of PFO (solid line) and PFO-SQ (dotted
line) spin-coated films after the following treatment: (a) fresh
films, annealed at (b) 100, (c) 150, and (d) 200 °C for 1 h each.

PFO and PFO-SQ films at 100, 150, and 200 °C for 1
h each, respectively. In Figure 4b, the PFO film
annealed at 100 °C shows an additional emission at a
longer wavelength of 490 nm in comparison with the
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Figure 5. FTIR spectra of PFO and PFO-SQ films after
baking at 200 or 250 °C for 1 h. The inset shows the magnified
>C=0 stretching mode at 1721 cm™.

fresh films while the absorption Amax remained at 385
nm. However, the PL spectrum of PFO-SQ only shows
a small shoulder under similar heating conditions. The
unchanged absorption Amax before and after heating
suggests that the polymer did not change its conjugation
after thermal treatment. By further increasing the
heating temperature to 150 °C (Figure 4c), the green
emission peak at 530 nm appeared in PFO but only an
insignificant shoulder above 500 nm for PFO-SQ. As
shown in Figure 4d, a strong green emission near 530
nm is shown in the spectrum of PFO but that of PFO-
SQ shows a lower intensity after annealing at 200 °C
for 1 h. Since the heating temperature of 200 °C was
higher than the melting temperatures of both PFO and
PFO-SQ, the 530 nm peak shown in Figure 4d might
be mostly due to the keto defect. The PL spectral
stability of PFO-SQ at 150 °C is similar to other
polyfluorene deivatives reported in the literature.5.7.10
Besides, the quantum yield of PFO-SQ-annealed film
is higher than that of PFO for the case of Figure 4b—d.
These results suggest that the starlike POF-SQ could
reduce either the aggregation or the keto defect in
comparison with PFO.

The origin of the green emission in polyfluorene-based
conjugated polymer has been mostly attributed to
aggregate/excimer formation or keto defects.5~12 Direct
evidence of a keto defect was that PFO showed a keto
(C=0) characteristic IR peak at 1721 cm~1 after being
photooxidized for several minutes.’?2 If the curing
temperature is heated above the melting temperature,
the defect would be mostly due to the keto defect. Figure
5 shows the FTIR spectra of PFO and PFO-SQ after
baking at various temperatures for 1 h each. Below 200
°C, no obvious keto peak was found for both polymers.
The keto peak appears initially at 225 °C, and the
intensity grows stronger at 250 °C, as shown in Figure
5. The normalized intensity of the keto peak on POF-
SQ is smaller than that of PFO. As a result, PFO-SQ
could also suppress part of the keto formation by
enhancing the thermal-oxidative stability besides the
aggregation.

Electroluminescence (EL) Characteristics. Fig-
ure 6 shows the electroluminescence (EL) spectra of
PFO and PFO-SQ devices. Both EL devices show a
green emission around 530 nm due to the aggregation/
excimers formation or the keto defects as discussed
previously. The intensity of the green emission on the
PFO EL device is higher than those reported in the
literature.*910 It might be due to the molecular weight
of the PFO used in the present study being smaller than
those reported in the literature.*°1% Hosoi et al. reported
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that the EL characteristics of the high molecular weight
PFO were superior to those of the low molecular weight
PFO.20 Weinfurtner et al. also found that low molecular
weight polymer fraction was responsible for aggregation
in the liquid crystalline PFO.2! However, the green
emission of PFO-SQ at 530 nm was lower than that of
PFO, which is consistent with PL result. Figure 7 shows
the variation of the current density and brightness of
the EL devices based on PFO and PFO-SQ, respec-
tively. The curves of current density versus voltage are
similar in the two devices. This suggests that incorpora-
tion of silsesquioxane did not affect the charge transport
ability of PFO. However, the turn-on voltage was
decreased from 6.4 V for the PFO EL device to 6.0 V
for PFO-SQ, which is similar to that of the silsesqui-
oxane end-capped PFO.° Besides, the current density
of the PFO-SQ EL device quickly turned on from 5.5
to 6 V and increased sharply from 1076 to 101 A/cm?Z.
A significant enhancement of the brightness from the
PFO EL device to PFO-SQ is also shown in Figure 7.
The maximum brightness of the PFO-SQ-based device
reaches 5430 cd/m? at a drive voltage of 8.8 V and a
current density of 0.844 A/cm2. However, the maximum
brightness of the PFO EL device is 2510 cd/m? at the
driving voltage of 9.0 V. This is an enhancement of the
brightness that is almost twice that from the PFO EL
device to that of PFO-SQ. The maximum external
guantum efficiency of the PFO-SQ EL device is 0.42%
at a brightness of 960 cd/m?2 with a driving voltage of
6.6 V but 0.24% at 788 cd/m? and 7.2 V for the case of
PFO. The improved brightness and quantum efficiency
in the case of the PFO-SQ EL device might be due to
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the reduction of the aggregates/excimers, the lower
concentration of the keto defect, or the improved adhe-
sion to ITO glass substrate for the incorporation of the
silsesquioxane core.

Conclusions

We have successfully synthesized a novel starlike
polyfluorene with silsesquioxane as the core. Incorpora-
tion of the silsesquioxane core into polyfluorene could
significantly reduce aggregation as well as enhance the
thermal stability. The DSC study showed elimination
of the glass transition and crystallization as well as
significant reduction on the melting enthalpy in PFO-
SQ. The UV-vis absorption spectra in a different
solvent combination or solid-state film show an intensity
reduction of the aggregation peak for PFO-SQ. The
stability of the photoluminescence spectra of PFO-SQ
could be up to 150 °C, while that of PFO showed a
significant green emission. A single-layer LED device
using PFO-SQ showed a turn-on voltage of 6.0 V, a
brightness of 5430 cd/m? (at a drive voltage of 8.8 V),
and a current density of 0.844 A/cm2. The maximum
luminescence intensity and quantum efficiency of PFO
were almost twice as good as those of the PFO EL de-
vice. Hence, incorporation of the inorganic silsesquiox-
ane core into polyfluorenes could provide a new meth-
odology for preparing organic light-emitting diodes with
improved thermal and optoelectronic characteristics.
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