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Ter- and quaterthiophenes bearing pyrenes at the terminal
a or 3 positions have been synthesized as novel emitting mate-
rials in organic electroluminescence devices. The efficient sin-
gle-layer EL devices of these compounds are fabricated by use
of an Al/ultrathin LiF bilayer cathode. One of them exhibits a
maximum luminance of 1860 cd/m? and a luminous efficiency
of 0.15 Im/W, which are of the highest performance class
among single-organic-layer EL devices.

It has been recently shown that oligothiophenes can advanta-
geoudly replace polythiophenes in molecular electronics and opti-
cal devices, and some of their physical properties even surpass
those of the latter.> In fact, oligothiophenes, in analogy with poly-
thiophenes,? have been successfully used as active components in
organic eectroluminescence (EL) devices® However, the effi-
ciency of such devices is generally low, and drastic structural
modifications of oligothiophenes thus have been required. It has
been demonstrated that extension of oligothiophenes with elec-
tron-donating bis(4-methylphenyl)aminophenyl* or with eectron-
withdrawing dimesitylboryl units® can produce superior emitting
materials with hole- or electron-transport properties in double-
and multi-layer EL devices. We have been rather interested in the
introduction of fluorescent pyrenes into oligothiophenes in order
to enhance their emission properties, highly stable film formation,
and high carrier-transport capability. Here wewould like to report
the synthesis and properties of ter- and quaterthiophenes (1, 2, and
3) bearing pyrenyl groups at the terminal a or  positions and
their application to single-layer EL devices.
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The syntheses of 1-3 were carried out using transition metal-
catalyzed cross-coupling reactions as illustrated in Scheme 1.
The Ni(Il)-catalyzed cross-coupling of 2,5-dibromothiophene (4)
with the Grignard reagent of 2-bromo-3-butylthiophene afforded
butyl-substituted terthiophene (6) in 72% yield, which was con-
verted to big(tributylstannyl) derivative (8) and then coupled with
1-bromopyrene in the presence of Pd(0) catalyst (Stille coupling)
to give 1 in 52% two-step yield. Similarly, 2 was obtained in a
good yield starting with 5,5'-dibromobithiophene (5). On the
other hand, 3 was obtained by Suzuki coupling of 1-bromopyrene
with 3-thienylboronic acid (10) followed by bromination of the
resulting 11 to 12 and finally Stille coupling with bis(tributyl-
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Scheme 1.

stannyl)bithiophene. The compounds 1-3 were identified by
spectroscopic methods and elemental analysis.®

Though ter- and quaterthiophenes are known to be inherently
crystalline, the pyrene-bearing derivatives 1-3 spontaneously
formed stable amorphous glasses owing to the introduction of the
pyrenyl and/or butyl groups when the melt samples were cooled
on standing in air. In the differential scanning calorimetry (DSC)
measurements, the crystalline samples of 1 and 2 exhibited two
peaks (1, 126 and 169 °C; 2, 116 and 184 °C), which correspond
to solid-phase transition and melting process, respectively. On the
other hand, 3 demonstrated only a sharp melting peak at a higher
temperature (218 °C). The amorphous glassy samples showed a
glasstransition at 56 °C for 1, at 65 °C for 2, and a a much higher
temperature 120 °C for 3. These observations mean that 1-3 have
the ability to form good quality amorphous films, especially
involving athermally stable film for 3. As shown in Figure 1, the
films of 1 and 2 made by vacuum deposition show almost the
same absorption spectra (1: A 424 nm; 2: 427 nm), which are
notably red-shifted as compared to the parent oligothiophenes,
indicating an effective conjugation between the pyrene and oligo-
thiophene moieties. Correspondingly they display intense photo-
luminescence (PL) in the visible region (1: A, 551 nm; 2: 598
nm).” On the other hand, the absorption spectrum of 3 can be
explained by a superposition of the two absorptions due to the
pyrene and quaterthiophene chromophores A, 354 and 419 nm.
However, the PL spectrum has only one peak at 552 nm, associat-

ed with emission from the quaterthiophene part.
The three pyrene-bearing oligothiophenes (1-3) were incor-

porated into EL device structures consisting of a single organic
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Figure 1. Electronic absorption and photoluminescence spectra of
1 (solid line), 2 (dashed line), and 3 (dotted line) films.

layer between ITO and Al electrodes (ITO/organic layer (100
nm)/Al) by vacuum deposition. Under forward bias, the devices
using 1 and 3 worked, and Figure 2 shows the luminance-voltage
and current—voltage characteristics for these devices. The device
using 1 exhibits a maximum luminance of 14 cd/m? at a driving
voltage of 16 V, and the device using 3 73 cd/m? at adriving volt-
age of 9.5 V. However, the luminous efficiencies of these EL
devices are very low (2.6 x 1073 Im/W for 1 and 4.2 x 1072 Im/W
for 3) owing to relatively large current densities. Although we
could not detect any EL signal from asingle layer device made of
2, asimilar high current was observed. Considering p-type-semi-
conducting characteristics of oligothiophenes,® it is suggested
that in these devices, hole injection from the anode into the organ-
ic layer is much more effective than electron injection from the
cathode, and holesinjected are efficiently transported to the count-
er electrode,
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Figure 2. Luminance (solid lines) and current density (dotted
lines) vs applicd voltage profiles of single layer EL devices using
1,2, and 3.

Hung and coworkers recently reported that an Al/LiF bilayer
electrode enhances electron injection as compared to an Al elec-
trode itself,® so we applied such a bilayer electrode to the present
single-organic-layer EL devices. All the bilayer-cathode devices
using 1-3 (ITO/organic layer (100 nm)/LiF (0.6 nm)/Al) emitted
visible light (1: yellow, 2: orange, and 3: green), and their EL
spectra has close resemblance to the corresponding PL spectra.
As demonstrated in Figure 3, the EL performances are extremely
improved as compared to those of the above single-cathode EL
devices. In particular, the device using 1 exhibited a maximum
luminance of 1860 cd/m? at a driving voltage of 12.5 V and a
maximum luminous efficiency of 0.15 Im/W, which are of the
highest performance class among single-organic-layer EL devices.
Obvioudy, use of an Al/ultrathin LiF bilayer electrode serves to
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Figure 3. Luminance (solid lines) and current density (dotted lines)
vs applied voltage profiles of bilayer-cathode EL devices using 1, 2,
and 3.

enhance electron injection to balance with hole injection.
However, it is difficult to rule out the possibility that the insulat-
ing LiF layer aso functions as a hole transport block. Anyhow,
the present results demonstrate that the Al/ultrathin LiF bilayer
cathodeis very useful for single-organic-layer EL devices using p-
type-semiconductor emitting materials.
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