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Abstract—A novel 8-hydroxyquinoline derivative with a carbazole group substituting in the 5-position of quinoline was synthesized,
where carbazole acted as a hole transporter. The single crystal of this 8-hydroxyquinoline derivative was obtained. Its coordination
complex with Al(III) was also synthesized. This complex with the ability of hole transportation and electron transportation simul-
taneously was soluble in common organic solvents and showed yellow luminescence with high quantum yield.
� 2005 Published by Elsevier Ltd.
Organic light-emitting diodes (OLEDs) are currently
under intensive investigation for application as a promis-
ing display technology due to their high luminous
efficiency and capability of emitting full colours.1 The
devices normally consist of at least one hole-transport
layer and one electron-transport layer with an organic/
organic heterojunction. For OLEDs, the validity of the
electron–hole recombination is directly affected by the
mobilities of electrons and holes in the materials and
has a great influence on the efficiency of OLEDs. To
balance charge transport, attempts have also been made
to incorporate electron- and hole-transport functions
in the same molecule or polymer in an effort to
attain maximum performance.2 Dipolar materials
featuring the combination of triarylamine–oxadiazole,3

or triarylamine–pyridine/quinoline,4 triarylamine–quin-
oxaline/oxadiazole5,2a were synthesized and applied in
OLEDs.

About two decades have elapsed since Alq3 (tris(8-
hydroxyquinolino)aluminum) appeared as a milestone
for the development of OLEDs.6 Alq3 is still one of
the most stable and fluorescent solid-state materials,
making it as the emitting material and electron-trans-
port layer (ETL). Subsequently metaloquinolates have
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become a very important class of electroluminescent
material in OLED.7 Compared to its excellent capacity
of electron transportation, the ability of hole transporta-
tion of Alq3 is poor because of the presence of effective
LUMO overlaps between neighbouring molecules and
the absence of effective HOMO overlaps.8 In order to
obtain efficient OLEDs, the extra hole-transporter layer
(HTL) is necessary besides Alq3. Aromatic tert-amines
are excellent hole-transporting materials.9 For example,
carbazole derivatives are widely used as hole-transport-
ing materials between the emitting layer and the anode
to balance the charge injection. Moreover, Alq3 must
be vacuum deposited in the fabrication of OLEDs due
to the poor solubility of Alq3. However, the current
trend to fabricate OLEDs is solution processing. The
principal interest in the use of soluble Alq3 complex
derivatives lies in the scope for low-cost manufacturing,
such as spin coating.

We here designed and synthesized a new bifunctional
and dipolar material which consisted of carbazole and
Alq3. The introduction of carbazole units might influ-
ence the HOMO energy level of the Alq3 complex, tune
the hole-transporting ability of the material and there-
fore the material would have ability of electron- and
hole-transportation simultaneously. The solubility in
common organic solvents and the hole mobility of the
complex might be enhanced by introducing carbazole
group at the 5-position of 8-hydroxyquinoline via a
single bond. The photophysical properties of the com-
plex in solution and in solid have been investigated.
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Scheme 1. Synthesis of substituted 8-hydroxyquinoine ligand and its
complex with Al(III). Reagents and conditions: (i) Acetone, K2CO3,
CH3I, reflux; (ii) Carbazole, CuI, K2CO3, 18-Crown-6; (iii) HBr,
CH3COOH; (iv) Al(NO3)3Æ9H2O, ethanol, NEt3.

Figure 1. The ORTEP plot of the X-ray crystal structure of compound
4. Thermal ellipsoids are scaled to the 50% probability level.
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Figure 2. Absorption and emission spectra of Alq3 (dash line) and
compound 5 (solid line) in THF solution and emission spectrum of
compound 5 (dash-dot line) in solid powder. Emission spectra recorded
on excitation at 399 nm.

Table 1. Photophysical properties of complex 5 in different solvents

Solvents kabs (nm) kem (nm) sf (ns)
a

THF 399, 337 554 18.24
CH3CN 391, 337 557 9.69
CH3OH 391, 336 558 9.88
CH2Cl2 397, 338 558 14.48

a Average fluorescence lifetime: sf = (a1s1+a2s2)/(a1+a2), where a1 and
a2 are the amplitudes and s1 and s2 are the lifetimes of two expo-
nential decay function: a1e

(�t/s1)+a2e
(�t/s2).
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The synthesis of complex 5 (Scheme 1) departs from
5-bromo-8-hydroxyquinoline 1. Condensation of 1 with
a little excess of iodomethane in the presence of K2CO3

gave 5-bromo-8-methoxyquinoline 2. Intermediate 2
was coupled by Ullmann reaction with carbazole to
yield 3 using CuI, K2CO3 and 18-crown-6 as the cat-
alyst. Through hydrogenolytic deprotection, ligand 4
was obtained. The final Al(III) complex 5 was achieved
by reacting ligand 4 with stoichiometric amounts of
Al(NO3)3Æ9H2O in ethanol. These compounds were
characterized by 1H NMR, ESI-MS.10 The mass spec-
trum of complex 5 exhibited a signal at m/z 977.2 corre-
sponding to [5+Na]+. The experimental result showed
that complex 5 had good solubility in most common
organic solvent, such as CH2Cl2, CHCl3, THF, even in
CH3OH, which showed our aim to prepare soluble
Al(III) complex was achieved.

The single crystals of compound 4 were obtained from
chloroform/methanol by controlling the concentration
of the compound, the crystallization temperature and
the velocity of crystallization. The Oak Ridge Thermal
Ellipsiod Plot (ORTEP) drawings of the compound
are shown in Figure 1. The single crystal adopted a
monoclinic space group. The carbazole ring and quino-
line ring are almost perpendicular (the dihedral angle
between the two rings is 80.57�).10 The absorption and
photoluminescence spectra of complex 5 and Alq3 were
measured in THF (Fig. 2). And the photophysical prop-
erties of complex 5 in different solvents are listed in
Table 1.

Compared with Alq3 showing the maximum absorption
at 386 nm in THF solution, complex 5 showed intense
absorption at 337 nm attributed to the carbazole groups
and absorption at 399 nm ascribed to the p–p* transi-
tion of the aluminium complex. Additionally, complex
5 emitted at 554 nm whereas Alq3 did at 514 nm in
THF. Because the highest density HOMOs of metallo-
quinolates are located on the C-5 (para position to the
oxygen),7c electron-donating substituent in the C-5 posi-
tion would cause a red-shift in the emission and absorp-
tion spectra of complex 5. The PL spectra showed that
there existed effective intramolecular singlet energy
transfer between carbazole groups and Alq3 for there
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was no characteristic PL peak of carbazole even excited
at 337 nm. There was a sufficient overlap between the
emission of carbazole moiety (peak at 360 nm) and the
absorption of the complex, thus singlet–singlet energy
transfer from the excited state of carbazole chromo-
phore to Alq3 ground state would be favourable. And
the photoluminescence spectrum of compound 5 in solid
powder (shown in Fig. 2) also showed a red-shift, in
which compound 5 emitted at 556 nm whereas Alq3
did at 520 nm. The photoluminescence peaks of com-
pound 5 in solution and solid state were at the same
wavelength. In addition, the fluorescent quantum yield
of compound 5 was 37% of the fluorescent quantum
yield of Alq3, and the fluorescence lifetime of compound
5 was shorter than that of Alq3 in the same solution.

11,7m

The electrochemical property of compound 5 was inves-
tigated by cyclic voltammetry at ambient temperature,
as shown in Figure 3. In compound 5, one reversible oxi-
dation redox couple was observed and ascribed to the
carbazole unit. The dipolar nature of compound 5 was
explained on the cyclic voltammetry involving electron
oxidation and electron reduction. Also the dual compo-
nents of the fluorescent lifetimes (Table 1) of complex 5
in different solvents indicated its dipolar nature.

In this study, the HOMO value was calculated from
the oxidation potential versus the internal standard of
ferrocene/ferrocenium (Fc) using the semi-empirical
method.12 Complex 5 had two oxidation waves corre-
sponding to mono- and di-radicals. The half oxidation
potential of the first oxidation was used to calculate
the HOMO energy level, which was �5.51 eV and higher
than that of Alq3 whose HOMO value was �5.90 eV.
From this result, we can conclude that the HOMO level
of the complex is determined by the carbazole moiety.
Thus, the role of the carbazole moiety for significant
improvement in the hole transporting can be expected.

In conclusion, a novel soluble Alq3 derivative was syn-
thesized. The hole-transporter (Carbazole) and electron
transporter (Alq3) were connected directly by Ullmann
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Figure 3. The cyclic voltammogram of complex 5 with 0.1 M n-
Bu4NClO4 in CH2Cl2.
reaction to obtain a bifunctional and dipolar material.
The photophysical, electrochemical properties and
applied prospect of the material were investigated.
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