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As a promising technology for ~at panel display\
organic electroluminescence "EL# has attracted
more and more attention since 0876[0 Many emit!
ting materials\ including low!weight molecules and
polymers\ have been designed and utilized in fab!
ricating organic light!emitting diodes "OLEDs#[1Ð8

In order to achieve a device with good performance\
the organic thin _lm should be amorphous and
uniform[ Among the organic EL emitting materials\
tris"7!hydroxyquinoline# aluminium "Alq2# has
been one of the most popular and e}ective mol!
ecules with its excellent thermal stability and good
performance forming amorphous _lms[

Because of the commercial prospects and the easy
preparation of Alq2\ enormous research about Alq2

and its devices has been carried out[09Ð01 Two geo!
metric isomers of Alq2 have been found\ one pos!
sessing C2 symmetry called {facial| and the other
possessing C0 symmetry called {meridianal|[ In fact\
only the meridianal isomer can be characterized in
the solid phase[02 It is reasonable to think that the
asymmetric isomer is more competent in forming
uniform _lms[ Our quantum chemistry calculation
of these two isomers also indicated that the C2 sym!
metry isomer is more unstable and tends to lose its
ligands more easily[ However\ even the C0 sym!
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metry isomer may have some uncertain defect\
which would result in crystallization of its thin _lm
and a failure of the devices[03 Some incom!
patibilities with the hole transport materials also
exist in many emitting complexes that would lead
to phase separation[ These facts demonstrate that
Alq2 and many other complexes used in organic EL
probably have not attained the full performance for
form!stable\ uniform amorphous thin _lms[

The ideal emitting materials should possess good
thermal stability and high purity[ The glass tran!
sition temperature "Tg# is a key parameter for deter!
mining the stability of the amorphous materials[ A
high Tg could minimize the probability of crys!
tallization in amorphous thin _lms\ especially under
the condition of high temperature[ The Tg of Alq2

is about 064 >C\04 far below its decomposing tem!
perature[ Therefore\ Alq2 in a sense could not reach
the expected stability in amorphous _lms[ We con!
sider it possible to design asymmetric compounds
to further improve the thermal performance and
the ability to form amorphous _lms[ Up to date\
the asymmetric compounds for organic EL remain
rare5 except for some terbium and europium com!
plexes[05 We report here a new asymmetric alu!
minium complex "salicylidene!o!aminophenolato#
"7!quinolinoato# aluminium "Al"Saph!q##\ which
has two kinds of ligands] 7!hydroxyquinoline "q#
and salicylidene!o!aminophenol "Saph#[ The
molecular structure of Al"Saph!q# is shown in Fig[
0[ This complex is expected to serve as a light!
emitting material in OLEDs[ It is worth noting that
Al"Saph!q# can readily form a stable amorphous
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Fig[ 0[ Molecular structure of Al"Saph!q#

glass with a high Tg of 115 >C[ This thermal property
of Al"Saph!q# was determined by di}erential scan!
ning calorimetry "DSC#[

The salicylidene!o!aminophenol ligand with a
salen structure was utilized in our molecule\ which
has always been considered to be unstable[1

However\ when this structure was located at the
centre of a molecule and surrounded by rigid aro!
matic rings\ it seemed remarkably stable due to the
coordination structure[ Since the number of the
coordination atoms of Al"Saph!q# is only _ve\ less
than that of Alq2\ the sterical block of the molecule
could be decreased\ thus further stabilizing the
ligands[ The previous asymmetric compound with
a phenolato ligand\ bis"1!methyl!quinolino!
lato#"phenolato#aluminium\5 was reported to be less
stable than Alq2[ It is reasonable to think that the
introduction of a tridentate ligand "Saph# will lead
to obtaining a highly stable complex[

In our experiment\ it was found that when heated
Al"Saph!q#\ unlike Alq2\ tended to melt\ even under
a 0×09−2 Pa vacuum\ and yield a bulk glass solid
when the fusioned material was cooled very slowly[
It was thought that the asymmetric structure could
increase the interaction between the molecules and
result in enhanced cohesion of this material[ There!
fore\ Al"Saph!q# was inclined to melt rather than
to sublime[ This indicated the excellent ability of
Al"Saph!q# to form amorphous glass\ which would
facilitate forming amorphous _lm without crys!
tallization[ In order to verify the amorphism of its
_lms\ thin _lms of Al"Saph!q# on quartz glass were
prepared by vacuum vapour deposition\ and the X!
ray di}raction "XRD# image was measured "Fig[
1#[ No crystallization signal was found in the image[
An atomic force microscope "AFM# was utilized to
observe the surfaces of the _lms[ The AFM image
of the surface morphology showed that the root!
mean!square of the roughness "Rms\ the standard
deviation of the height value# was only about 0[2

Fig[ 1[ X!ray di}raction patterns of Al"Saph!q# thin _lm

Table 0[ The _lm stability comparison of Al"Saph!q# with other
light!emitting materials

Emitting Original Rms after Change
materials Rms 13 hours ratio ")#

Al"Saph!q# 0[2 0[1 −6[6
Alq2 4[7 6[3 16
Gaq2 7[7 01[2 39
Znq1 4[2 74[6 0506

nm[ This showed an excellent ability of this com!
pound to form a uniform thin _lm[ However\ it
was more important to research the stability of the
amorphous _lms\ especially the stability com!
parison with other emitting materials[ So several
conventional emitting materials were prepared and
their thin _lms were obtained using the same
process[ Tris"7!hydroxyquinoline# gallium "Gaq2#
and 7!hydroxyquinoline zinc "Znq1# are popular
emitting materials used in organic EL[ It has been
reported that the solid _lm of Gaq2 could yield
a very strong photoluminescence "PL# and an EL
device with Znq1 could harvest a higher brightness
even than Alq2[

06 The results of the comparison of
_lm stability of Al"Saph!q# with other conventional
emitting materials are listed in Table 0[ In this
experiment\ AFM images of fresh _lms and _lms
after storage for 13 hours were measured[ Gaq2 is
analogous to Alq2 with two isomers[ It is worth
noting that Znq1\ possessing distinct C1 symmetry\
showed the worst performance[ The normalized PL
and absorption spectra of the _lm of Al"Saph!q#
"Fig[ 2# were also measured[ That there is almost no
overlap between the PL and the absorption spectra
indicates almost no self!absorption in this material[

EL devices were fabricated by a conventional
vacuum vapour deposition method under a 1×09−2
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Fig[ 2[ PL\ EL and absorption spectra of Al"Saph!q#^ "a# absorp!
tion spectrum^ "b# PL spectrum^ "c# EL spectrum

Pa vacuum at room temperature[ N\N?!diphenyl!
N\N?!di"m!methylphenyl#benzidine "TPD# was
used as the hole transport layer material[ Two types
of devices were prepared] ITO:TPD"59 nm#:Al
"Saph!q#"39 nm#:Alq2"29 nm#:MgAg"09 ] 0#"A# and
ITO:TPD] Al"Saph!q# "39 ] 0 weight#"59 nm#:
Alq2"39 nm#:MgAg"09 ] 0#"B#[ The active area of
each cell was about 39 mm1[ The devices emitted
bright yellow light with considerable stability[ It
was found that Al"Saph!q# possessed excellent com!
patibility with TPD and there was a strong energy
transfer from TPD to Al"Saph!q#[ The maximum
brightness of device A was up to 1999 cd:m1 and
that of device B was up to 1499 cd:m1 with the
maximum wavelength of the EL emission both at
around 462 nm\ and the maximum luminous
e.ciencies up to 0[4 lm:W"A# and 0[7 lm:W"B#\
respectively[

In summary\ a new emitting material based on a
tridentate ligand with a high glass transition tem!
perature was obtained[ This material has some
unique characteristics that will be conducive to
forming high quality amorphous _lms[ The poten!
tial application of such a novel complex as a ther!
mally stable emitting material for OLEDs has also
been demonstrated[

EXPERIMENTAL

Al"Saph!q# was synthesized through a reaction in
the ethanol solution of q\ Saph and AlCl2[ First\ a
solution of 7!hydroxyquinoline "9[94 M# and pip!
eridine "9[94 M# in 099 ml ethanol was added to a
solution of AlCl2 = 5H1O "9[4 M# in 09 ml ethanol

very slowly with intensive stirring[ Then\ a solution
of salicylidene!o!aminophenol "9[90 M# and pip!
eridine "9[91 M# in 499 ml ethanol was introduced
slowly[ The mixture was stirred for about 0 hour
and cooled to room temperature and kept in the
dark for about 09 hours[ A yellow precipitate was
formed when an equivalent amount of water was
poured into the solution[ The product was collected
by _ltration and washed with ethanol rapidly\ then
dried under an infrared lamp[ The obtained product
power showed strong yellow ~uorescence under an
ultraviolet lamp[ The materials were further puri!
_ed by an improved train sublimation method[ The
salicylidene!o!aminophenol ligand was obtained by
heating the mixture of 1!aminophenol in ethanol
solution and the following recrystallization[ The
molecular structure of Al"Saph!q# was supported
by high!resolution mass spectrum "MS#\ nuclear
magnetic resonance "NMR# and element analyses[
High!resolution MS found] 271[97682\ calc[ for
C11H04O2N1Al] 271[97870^ element analysis
found] C\ 57[74^ H\ 2[72^ N\ 6[06\ calc[ for Al"Saph!
q#] C\ 58[00^ H\ 2[82^ N\ 6[22[
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