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Abstract. Hybrid materials composed of polyhedral oligomeric silsesquioxanes (POSS) and a polyphenylene vinylene (PPV) derivative were fabricated and characterized by optical and surface spectroscopy. The
hybrid thin ﬁlms have similar optical properties as the pristine polymer but contributions of the POSS are
evidenced in infrared spectroscopy. Organic light emitting diodes using the hybrid material as an emitter
clearly showed an improvement of the electrical characteristics and the eﬃciency of the devices as compared to those using the pristine polymer. The eﬀects of POSS incorporation to the polymer are discussed
via the obtained results.
PACS. 78.60.Fi Electroluminescence – 72.80.Le Polymers; organic compounds – 78.30.Am Elemental
semiconductors and insulators – 72.80.Tm Composite materials

1 Introduction
Conjugated polymers have been extensively studied for
their applications in electroluminescence devices since the
ﬁrst report on organic light-emitting diodes (OLEDs) [1].
For the applications of devices, the two most important
requirements are a high emission eﬃciency and a thermal stability of the organic material. Among the many
conjugated polymers that have been used as an emitter
in devices, poly(1,4-phenylenevinylene) (PPV) and their
derivatives have attracted a great attention in recent years
because of their high stability and their good electroluminescence [2–6].
Hsieh et al. have proposed a synthetic route
to poly(2,3-diphenyl-1,4-phenylenevinylene) (DPOC10 PPV) which exhibits a high photoluminescence eﬃciency
in the solid state [7]. By using this route, a high molecular
weight and soluble DPOC10 -PPV was obtained. Diﬀerent
substituents were then introduced to the polymer structure to improve its properties [8,9]. However, the performance of devices using DPOC10 -PPV polymers is still not
high enough to employ them in displays. It is possible that
the regular hexagonal structures of the main chain form
strong π–π interactions and, hence, reduce the electroluminescence eﬃciency [10].
a
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Polyhedral oligomeric silsesquioxanes (POSS) are new
organic-inorganic hybrid materials of high interest for electronic devices because of their ability to link with conjugated polymer chains to tune the band gap and, hence,
the light emission of the materials [11–16]. POSS materials are composed of a silica block, which is surrounded by
organic substitution groups. The incorporation of bulky
POSS in a polymer host matrix can reduce signiﬁcantly
the aggregation of chains and can improve the quality of
the emission, avoiding formation of low energy sites such
as excimers and exciplexes. Furthermore, as POSS contains inorganic blocks, the hybrid organic-inorganic polymers are less sensitive to oxidation and thermal eﬀects
than the corresponding pristine polymer. As a matter of
fact, devices using such materials usually exhibit significant improvement in stability and performance as compared to conjugated polymers alone.
In this study, we have investigated hybrid materials using a DPOC10 -PPV derivative attached to a POSS centre
core. We characterized the hybrid ﬁlms by optical and surface measurements and we compared the results to those
obtained in pristine polymer ﬁlms. The ﬁlms were used
as emitting layers in OLEDs and the optoelectronic performances of the diodes were measured and compared to
those using only the polymer. We discussed the eﬀects of
POSS existence in the polymer chains on the performance
of devices.
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Fig. 1. Structure of monomer M1 and synthesis of POSS-(DPOC10 -PPV).

2 Experimental
All reagents and chemicals were purchased from commercial sources (Aldrich, Merck, Lancaster) and used
without further puriﬁcation. Tetrahydrofuran (THF)
and dichloromethane (CH2 Cl2 ) were dried by distillation using sodium/benzophenone and calcium hydride,
respectively. The synthetic routes for monomer M1 were
prepared following the method previously described in
the literature [17]. The PPV derivative, poly[2-(4 -(3,7dimethyloctoxy)phenyl)-3-phenyl]-1,4-phenylenevinylene
or DPOC10 -PPV, was then synthesized as follows. A
mixture of POSSCHCl (8.4 mg, 0.0038 mmole), and
1,4-bis(chloromethyl)-2-[4-(3,7-dimethyloctoxy)phenyl]3-phenyl benzene (0.3 g, 0.62 mmole) were dissolved in
anhydrous THF. Then potassium tert-butoxide (0.84 g,
7.49 mmole) dissolved in 22 ml anhydrous THF was
added to the solution, which was stirred for 7 h in
room temperature. Next, 2,6-di-tert-butylphenol (0.5 g,
2.42 mmole) dissolved in anhydrous 5 ml THF was added
and the obtained solution was stirred for 7 h. A yellow
solid (0.15 g) was obtained after re-precipitation using

methanol. Figure 1 shows the structure of the monomer
and the synthesis of POSS-(DPOC10 -PPV).
The POSS-(DPOC10 -PPV) powder was dried at 60 ◦ C
under vacuum for 24 h then dissolved in toluene with
concentration of 10 mg/ml. Single-layer devices were fabricated as sandwich structures between calcium (Ca) cathodes and indium tin oxide (ITO) anodes. ITO-coated glass
substrates were cleaned sequentially in ultrasonic baths of
detergent, 2-propanol/deionized water (1:1 volume) mixture, toluene, de-ionized water and acetone. A 50 nm-thick
hole injection layer of poly(ethylenedioxythiophene) (PEDOT) doped with poly (styrenesulfonate) (PSS) was spincoated on top of ITO substrates from a 0.7 wt % dispersion
in water and was dried at 150 ◦ C for 1 h in vacuum. Thin
ﬁlms of synthesized polymer of thickness of 50 nm, were
spin-coated from toluene solutions onto the PEDOT layer
and were dried at 50 ◦ C overnight in vacuum. Finally, 35
nm Ca and 100 nm Al electrodes were deposited through
a shadow mask onto the polymer ﬁlms by thermal evaporation, using an Auto 306 vacuum coater (BOC Edwards,
Wilmington, MA). The evaporations were carried out typically at base pressures lower than 8 × 10−7 mbar. The
active area of the devices was 4 mm2 .
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Table 1. Assignments for the FT-IR bands of POSS(DPOC10 -PPV) thin ﬁlms.
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Fig. 2. Absorption and emission spectra of POSS-(DPOC10 PPV) thin ﬁlms.

UV-vis absorption spectra of the samples were measured with a Cary 5G spectrophotometer and photoluminescence (PL) spectra were obtained with a
Fluorolog Horiba spectrophotometer. FT-IR and Raman
experiments were performed by using a Bruker Vertex 70
and a Bruker RFS 100 spectrophotometer respectively. All
the measurements were performed at room temperature.
Cyclic voltammetry (CV) measurements of the polymers were carried out in acetonitrile (CH3 CN) with 0.1 M
tetrabutylammonium hexaﬂuorophosphate (TBAPF6 ) at
ambient temperature under nitrogen gas with a scan rate
of 50 mV/s. Platinum wires were used for both the counter
and the working electrodes, and silver/silver ions (Ag in
0.1 M AgNO3 solution, from Bioanalytical Systems, Inc.)
were used as the reference electrode, and ferrocene as the
standard of oxidation. The polymer ﬁlm was drop-casted
on the Pt working electrode.

Wavenumber
(cm−1 )
700
756
828
913
968
1026
1109
1175
1242
1285
1382
1417
1469
1512
1574
1609

Assignments

Ref.

C-H bending out of plane of phenyl group
CH2 rock
Symmetric out of plane C-H wag
Trans-vinylene out of plane CH bending
Vinylene C-H wag
Si-O-Si stretching
Si-O-Si stretching
Phenyl-oxygen stretching
C-O-C stretching
C-H bending in plane of phenyl group
Symmetric alkyl CH2
Semicircular phenyl stretching
Antisymmetric alkyl CH2
Paraphenylene semicircle stretch
C=C stretching of the phenyl group
C=C stretching of the phenyl group
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Fig. 3. IR spectrum of POSS-(DPOC10 -PPV) thin ﬁlms.

3.1 Characterization of hybrid thin ﬁlms
Figure 2 shows the absorption and the emission spectra of
hybrid thin ﬁlms at room temperature. The maximum of
the absorption peak is observed at 435 nm, corresponding
to the π–π* transitions along the conjugated backbone of
the polymer. The photoluminescence (PL) spectrum exhibits a maximum at 500 nm and a shoulder at 533 nm.
The shape of the PL spectrum is similar to that obtained
in PPV [18] and the energy separation between contributions is approximately 150 meV, which is consistent with
phonon replica in PPV. These spectra are similar to those
obtained in pristine polymer ﬁlms, and no blue shift of
the emission spectrum has occurred. The blue shift of the
PL spectrum has been observed in some POSS/oligomer
hybrid materials [19] and is assigned to the chain separation by POSS units, reducing the energy transfer between
the oligomer chains. However, in several other systems as
in our materials (POSS/polymer), such a shift is not produced [20,21], which suggests that the eﬀect of the POSS

units on the chain aggregation is negligible. It is possible
that the structure of oligomers could favour their separation by POSS units while that of polymer does not, due
to their large size.
Table 1 lists the main vibrational modes, which are
observed in the IR spectrum shown in Figure 2. The
two characteristic silicon peaks (Si-O-Si stretching) correspond to POSS units in the hybrid polymer. The intensity
of these peaks is weak because the concentration of POSS
is lower than that of polymer. The Raman spectrum of the
hybrid ﬁlms is shown in Figure 3, and Table 2 displays the
corresponding peaks. All the observed peaks are assigned
to the polymer, and no vibrational bands of Si could have
been retrieved.
In order to obtain information on the charge injection
from the electrodes, cyclic voltammetry was performed
on the synthesized hybrid material and Figure 5 shows
the cyclic voltammogram of POSS-( DPOC10 -PPV). The
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Table 2. Assignments for the Raman bands of POSS(DPOC10 -PPV) thin ﬁlms.
Wavenumber
(cm−1 )
964
1097
1271
1317
1398
1567
1609

Assignments

Ref.

Torsion of CH trans vinylene out of plane
Symmetric CH2 -O-CH2 stretch
Inter-ring stretching mode
Elongation of C=C transvinyl
Elongation of symmetrical hexant cycle
C=C stretching of the phenyl group
Intra-ring C-C stretching mode
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Fig. 6. Band diagram for ITO/PEDOT/ POSS-(DPOC10 PPV)/Ca/Al light emitting diodes.
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Fig. 4. Raman spectrum of POSS-(DPOC10 -PPV) thin ﬁlms.
1.2

energy. The latter is determined from the optical band
gap and the exciton energy, which is 1240/500 = 2.48 eV.
The value of the LUMO is –2.86 eV. The energy level diagram of the ITO/PEDOT/ POSS-(DPOC10 -PPV)/Ca/Al
devices is tentatively proposed in Figure 6.
The characterization results show that incorporation of
POSS to the polymer leaves unchanged the properties of
the host matrix. The electronic structure of the polymer
is not aﬀected by the oxide units as observed in several
other hybrid systems [31].
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Fig. 5. Cyclic voltammogram of POSS-(DPOC10 -PPV) ﬁlm.

HOMO energy level is determined from the onset of the
oxidation curve, which is given by:
HOMO(eV) = − |Eox +4.4| .

(1)

The HOMO level of POSS-(DPOC10 -PPV) is −5.5 eV,
which is reproducible with fresh polymer ﬁlms. Its optical
band gap energy (Eg ) was determined from the absorption edge of the UV-vis spectrum, which is 485 nm and
corresponds to a band gap of 2.56 eV. The LUMO level of
POSS-(DPOC10 -PPV) was obtained from the diﬀerence
between HOMO energy level and the electrical band gap

To test the performance of the hybrid materials, we have
realized organic light-emitting diodes of single layer structure ITO/PEDOT/ POSS-(DPOC10 -PPV)/Ca/Al. After
that, an UV curing epoxy adhesive was used in N2 atmosphere for the encapsulation. The electroluminescent
(EL) spectrum of the devices is similar to the PL spectrum, indicating that the light emission originates from
the polymer chains. From the band diagram, the potential barrier is determined to be 0.3 eV at the anode
and 0.04 eV at the cathode. The current-voltage and
luminance characteristics of the diode are plotted in Figure 7. Compared to devices using the pristine polymer [17],
the I-V characteristic is shifted to higher voltages, with
a turn-on voltage of Vto = 8 V. However, the maximum of luminance in the hybrid devices is higher, reaching 930 cd/m2 (compared to only 303 cd/m2 in pristine
DPOC10 -PPV based diodes). On the other hand, the
maximum yield of the devices (Fig. 8) using the POSS(DPOC10 -PPV) hybrid (1.2 cd/A) is also better than that
of the polymer based diodes (0.69 cd/A).
The performance of diodes using the POSS-(DPOC10 PPV) is obviously improved as compared to devices using the pristine polymer. Previous investigations of POSS
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these diodes is lower than that obtained in devices using the pristine polymer for a given applied voltage [17].
The turn-on voltage is enhanced (8V) as compared to that
obtained in devices using the pristine polymer (6V). In
contrast, the yield is higher when POSS units are incorporated (1.2 compared to 0.69 cd/A). This low intensity
can be indicative of carrier trapping processes [35]. Finally,
because of the deposition process of thin ﬁlms, the POSS
units can accumulate on the top layer, forming small insulating areas near the PEDOT layer and modify the hole
injection. Such a process would result in an increase of the
light emission accompanied by a decrease in the current
intensity of the device. Further microscopy work on the
interface between the hybrid ﬁlms and the anode will be
helpful in understanding the formation and distribution
of the POSS units in the polymer matrix (underway).

4 Conclusion
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Fig. 8. Yield-voltage curve for the
ITO/PEDOT/POSS-(DPOC10 -PPV)/Ca/Al
T = 300 K.

We have investigated a hybrid material made by incorporating POSS star-like material to a PPV derivative, which
emits a green light. Optical and surface characterizations
of the hybrid thin ﬁlms showed that POSS units do not
aﬀect signiﬁcantly the electronic properties of the polymer structure. Single-layer devices using the material as
an active layer showed an increase of the performance as
compared to those using the pristine polymer despite a decrease in electrical conductivity. We explain the obtained
results by the balance of the charge transport in the polymer, resulting from a hole trapping process by POSS units
that can further block these carriers at the anode and
cause a decrease in the current intensity.

device of a
diode
at

based diodes have suggested the improvement of the light
emission would be due to the fact that POSS units separate the polymer chains, and reducing aggregation effects [31–33]. However, such a process would imply a blue
shift of the PL spectrum in POSS-polymer hybrid material, which is not observed in our samples. Therefore,
the eﬀects of the POSS incorporation on the chain aggregation are negligible in the devices studied. Improvements in recombination process in OLEDs may also result
from a more balanced transport of holes and electrons in
devices. In fact, in most polymers, holes are more mobile than electrons and the diﬀerence in the charge carrier
transport reduces the recombination possibility, leading to
poor device eﬃciency. Optimized charge balance by modifying the carrier mobility in the polymer would improve
the performance of the diodes. As DPOC10 -PPV is a hole
type polymer, the transport balance indicates that the
POSS units act as hole blockers or hole trapping centers,
reducing their mobility and favouring the recombinations
with electrons. This explanation is in agreement with the
current-voltage characteristics of the devices using POSSpolymer hybrid material. We observe that the current in
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