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Abstract—Two new poly(phenylenevinylene) (PPV) oligomers, 2,2�-(1,4-phenylenedivinylene)bis-8-acetoxy quinolines were synthe-
sized via a Knoevenagel condensation reaction. The single-crystal X-ray diffraction study shows that there are intermolecular �···�
interactions in the solid state of 2,2�-(1,4-phenylenedivinylene)bis-8-acetoxyquinoline. Electroluminescent properties using these
compounds as emitters have been investigated. © 2002 Elsevier Science Ltd. All rights reserved.

One of the most exciting developments in molecular
electronics is the utilization of organic materials for
opto-electronic applications, particularly light-emitting
diode devices (LEDs).1 The strong coupling between
geometry and electronic structure is the source of the
fascinating physics of these �-conjugated molecules
and polymers.2 A key issue in designing light-emitting
materials is the adjustment of their emission wave-
length.1c Recently, the interest in the modification of
the conjugated backbones by either changing the cen-
tral cores in the conjugated molecules or changing the
electron-donating and/or electron-withdrawing groups

to investigate the structural influence on the LED
properties was underlined.3

It is well-known that well-defined �-conjugated
oligomers play a crucial role in determining the rela-
tionships between molecular structures and bulk poly-
mer properties and have been the subject of
increasing attention in the last years, because (i) their
precise chemical structure and conjugated length gives
rise to defined functional properties and (ii) they are
able to produce high purity films by vacuum deposi-
tion.4

Scheme 1.
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For the molecular design aspect, it is necessary to design
well-defined conjugated molecules presenting excellent
opto-electronic properties. This provides the opportu-
nity for a fine-tuning of the system properties. The aim
of the present work is to develop new poly(phenyl-
enevinylene) (PPV) oligomers containing an 8-substi-
tuted quinoline for organic light-emitting diodes.

Here we present the one-pot synthesis of a new family
of PPV oligomers: 2,2�-(1,4-arylenedivinylene)bis-8-ace-
toxy quinolines (1 and 2). The reason for using 8-quinol-
inol as the building block is that both tris(8-hydroxy-
quinolinolato) aluminum (Alq3)5 and polyquinoline6 are
excellent electroluminescent and electron-transporting
materials. In addition, pyridine-based conjugated poly-
mers can also be used in LEDs made from environmen-
tally stable metal electrodes because of the high electron
affinity of the pyridine ring.7 To the best of our knowl-
edge, reports about PPV oligomers containing 8-quinoli-
nol are rare. Herein the synthesis, structure and
light-emitting properties of the title compounds are
described.

The synthesis of target compounds 1 and 2 is shown in
Scheme 1. The one-step coupling reactions of 8-
hydroxy-quinaldine and 1,4-benzenedicarbaldehyde and
2,5-dimethoxy-1,4-benzenedialdehyde in acetic anhy-
dride at 125°C lead to the formation of condensation
products 1 and 2, in which the hydroxy groups have also
been acetylated.8 Compounds 1 and 2 were obtained as
yellowish powders and fully characterized by 1H NMR
spectroscopy and elemental analysis. For example,
compound 2 exhibits two doublets at 7.39 and 8.12
ppm with a three-bond coupling constant 3JH,H=16.0
Hz arising from trans carbon–carbon double bonds in
its 1H NMR spectrum, indicating the presence of trans-
configuration in the vinylene units. It is concluded
that the Knoevenagel condensation reaction be-
tween 8-hydroxyquinaldine and 2,5-dimethoxy-1,4-
benzenedialdehyde gives compound 2, as expected.

To investigate the intermolecular interaction of the title
compounds, their crystal growths were carried out under
ambient conditions.9 Fig. 1 shows the crystal structure
and cell packing diagram of compound 1. As we can see
from Fig. 1 (top), the crystal structure of 1 has an
inversion center. Two quinolyl rings in 1 are completely
coplanar with the benzene ring, but are on opposite sides
of the divinylenebenzylene backbone, along with the two
acetoxy groups. The C(12)�C(13)�C(14) angle
(128.7(3)°) is larger than that of C(10)�C(12)�C(13)
(123.5(3)°). It can also be seen from Fig. 1 (bottom) that
the shortest intermolecular �···� interaction distance
between two quinolyl rings is 3.436 A� , indicating that
there is an extensive stacking between molecules of 1 by
�···� interactions in the crystal lattice. Munakata et al.
confirmed that strong intermolecular interactions as well
as intermolecular aromatic stacking could assist charge-
transfer pathways.10 The intermolecular �···� interac-
tions suggest that compound 1 can possess charge
transport properties, which are essential for electro-
luminescent materials.

Although compound 1 contains two acetoxy groups at
the 8-positions of the quinolyl rings, it exhibits intense
fluorescence both in solution (438 nm) and in solid state
(531 nm and a shoulder peak at 500 nm), which may be
attributed to its orderly stacking caused by strong
intermolecular �···� interactions.

To explore its electroluminescent (EL) properties, the
double-layer EL device [ITO/NPB(50 nm)/1 (50 nm)/
Mg:Ag(10:1)] was fabricated by vapor deposition of the
organic molecules onto ITO-coated glass substrate at a
deposition rate of 3–5 A� s−1 at 5×10−6 Torr. In this case,
NPB (N,N �-di-[naphthalenyl]-N,N �-diphenyl)-(1,1�-
biphen-yl)-4,4�-diamine) was chosen as the hole trans-
porting material, and compound 1 was used as the
emitting-layer and electron-transporting layer. Com-
pound 1 was expected to have certain electron transport-
ing abilities due to the presence of the quinoline unit, as
both tris(8-hydroxyquinolinolato) aluminum (Alq3) and
polyquinoline have been shown to be good electron-
transporting materials.

All the measurements were carried out at room temper-
ature in air. It was found that the EL spectrum shown
in Fig. 2 is nearly identical to its photoluminescent (PL)
spectrum, indicating that the EL emission originates
from compound 1. It exhibits a fine vibonic structure
characteristic of PPV with a maximum peak at 535 nm
and a shoulder peak at 503 nm. Fig. 3 shows typical
voltage–luminance (V–L) and current–voltage (I–V)
curves. The device emits a green light under a forward
bias. The turn-on voltage is about 6 V, and the maxi-
mum luminance can reach up to �788 cd m−2 at 18 V.
The maximum luminous efficiency is estimated to be
0.13 lm W−1.

In summary, two new PPV oligomers containing 8-sub-
stituted quinoline have been synthesized and character-
ized. It was found that there are strong intermolecular
�···� interactions and orderly stacking in the solid state

Figure 1. Top: the molecular structure of 1 with labeling
scheme and 50% thermal ellipsoids. Bottom: unit cell packing
diagram of 1.
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Figure 2. The EL spectrum for a device with structure of
ITO/NPB /1/ Mg:Ag (10:1).
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Figure 3. The voltage–current (V–I) and voltage–luminance
(V–L) characteristics of a device with structure of ITO/NPB
/1/ Mg:Ag (10:1).

of 2,2�-(1,4-phenylenedivinylene)bis-8-acetoxy quino-
line, which is responsible for its PL and EL properties.
A double-layer device investigation, using this com-
pound as both emitting layer and electron-transporting
layer, demonstrated that these new PPV-oligomers
containing 8-substituted quinoline will be promising
candidates in organic electroluminescent devices. Fur-
ther research on their transporting properties, tuning
of emission wavelength and optimum conditions for
the device fabrication is in progress in our laboratory.
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