
A series of diphenylamino-substituted 2,5-diarylsiloles has
been prepared and their photophysical and electrochemical
properties have been determined.  The single layer EL devices
with the ITO/silole/Mg:Ag configuration emitted a greenish-
yellow light with a high luminous efficiency.

Organic electroluminescent (EL) devices have attracted con-
siderable attention because of their wide applicability as display
materials.1 The principal mechanism of the EL is the emission
from the singlet exciton which is produced by the recombination
of holes and electrons injected from the anode and cathode,
respectively, into the organic layer.  The efficiency of the EL pri-
marily depends on the quantities of the injected carriers.  While
the multi-layer cell structure consisting of the hole transporting
layer and the emissive electron transporting layer is frequently
employed to achieve a balanced injection of holes and electrons,2,3

the development of new materials for a single-layer EL device is
still a challenge in view of the construction of molecules having
both of hole and electron transporting abilities.4–7

We now report new materials based on 2,5-diarylsiloles for
the single-layer EL devices.  We have recently demonstrated that
silole works as a useful core for electron-transporting materials.8

In particular, 2,5-di(2-pyridyl)silole  has a significantly high per-
formance which exceeds that of tris(quinolinolato)aluminum
(Alq), one of the best electron-transporting materials.9 The intro-
duction of electron-donating diphenylamino groups to the 2,5-
diarylsilole skeleton would increase the HOMO levels to add the
hole-transporting ability to the electron-transporting 2,5-diaryl-
siloles.  We have now designed three types of 2,5-diarylsiloles, p-
(diphenylamino)phenyl-siloles 1, [6-(diphenylamino)-3-pyridyl]-
silole 2, and [6-(diphenylamino)-2-pyridyl]-silole 3.  Their synthe-
sis, properties, and applications to the single-layer EL devices are
described herein together with a comparison to their parent deriva-
tives 4–610 without the diphenylamino substituents.

Compounds 1–3 have been prepared by the methods we
recently developed,10,11 as shown in Scheme 1.  Thus, com-
pounds 1 and 3 were prepared in one pot from
bis(phenylethynyl)silane 7 by the intramolecular reductive
cyclization12 and subsequent Pd(0)-catalyzed cross-coupling

reaction.10 Although the 3-pyridyl silole derivative 2 was not
obtained by this method, it was alternatively prepared by the
Pd(0)-catalyzed cross-coupling13 of silole-2,5-diboronic acid 8
with 6-(diphenylamino)-3-pyridyl bromide.11 The structures of
1-3 have been unequivocally characterized by 1H and 13C NMR
spectroscopy and elemental analysis.  The siloles thus obtained
have relatively high glass-transition temperatures: Tg: 1a, 98
°C; 1b, 81 °C; 2, 113 °C; 3, 68 °C.

The photophysical and electrochemical data for 1-3 are
summarized in Table 1 together with those for silole derivatives
4-6 for comparison.  In the UV–visible absorption spectra, com-
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pounds 1–3 have their λmax around 420 nm, irrespective of the
aryl groups at the 2,5-positions on the silole ring.  In contrast,
there are some differences in the photoluminescence.
Compounds 1 and 2 have their emission bands at about 30 nm
longer wavelengths than that of 3 both in solution and in the thin
film.  Compared with 4–6, the absorption and luminescence max-
ima of the diphenylamino-substituted 1-3 are longer by about
40–60 nm and about 30–60 nm, respectively.  These results sug-
gest that the diphenylamino groups substantially perturb the elec-
tronic structures of the parent 2,5-diarylsilole skeletons.

Although the redox potentials of the materials do not
directly correlate to their hole or electron transporting abilities,
these data may be useful when considering the capabilities of
the career injections from the electrodes.  The cyclic voltamme-
try measurements have been performed for compounds 1–3
(Table 1).  All compounds 1–3 showed irreversible oxidation
peaks with low oxidation peak potentials (Epa) around 0.3–0.8
V vs Fc/Fc+, while no reduction peaks were observed.  Notably,
the incorporation of the diphenylamino groups caused signifi-
cant negative shifts in the Epa, by about 0.6 V as observed by
changing from 4 to 1 and from 5 to 2.  In contrast, the Epa shift
from 6 to 3 is only about 0.1 V.  These results ensure that the
diphenylamino moieties at the “para” position of the 2,5-diaryl
groups in compounds 1 and 2 significantly increase the HOMO
level, whereas in the case of 3, the diphenylamino moieties are
present at the “meta” position and may affect the electronic
structure mainly through an inductive effect.  

The siloles 1–3 have been applied to the single-layer EL
devices.  The devices with the ITO/silole (100 nm)/Mg:Ag
(10:1) configuration have been fabricated by the vacuum vapor-
deposition.  All siloles 1–3 except 1a have sufficiently good
film-forming properties for evaluating their performance.
When the forward bias is applied, all the devices emit a green-
ish-yellow light.  Their EL spectra are shown in Figure 1.    

The luminance–voltage (L–V) characteristics of the devices
are shown in Figure 2 and their performances are summarized
in Table 2.  Some notable points are as follows: (1) The maxi-
mum luminance reached 103 cd m–2 for 1b and 2, although that
for the device with 3 is only moderate.  (2) The devices using
1b have the lowest driving voltage with a significantly low
onset voltage of about 3 V.  However, as for the luminous effi-
ciency, the device with 2 has about a five times higher value
than that of 1b.  (3) The maximum current density and the lumi-
nous efficiency of the device with 3 are significantly lower than
those for the device with 2.  These results suggest that the 2,5-
di(3-pyridyl)silole derivative 2 has a higher hole-blocking prop-
erty than the diphenylsilole derivative 1b and thus the more bal-
anced injection and transportation of holes and electrons are
realized in the device with 2 in comparison with the case of 1b.
The large difference in the performance between 2 and 3 may
be attributed to the difference in their electronic structures, sug-
gesting the importance of the HOMO-LUMO control by intro-
duction of appropriate substituents at the 2,5-positions.  
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