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Tris-(8-quinolinolato) aluminum (AlQ3) organic nanoparticles with an average diameter 20 nm were prepared 
through a reprecipitation method. The AlQ3 nanoparticles are spherical and the average particle size does not 
change by varying the aging time. The photoluminescent and electroluminescent properties were investigated via 
the AlQ3 nanoparticles and the device based on the AlQ3 nanoparticles, respectively. Blue shift of both the photo-
luminescence and electroluminescence spectra for the AlQ3 nanoparticles was observed. With increasing the driving 
bias, the maximum EL emission peak of the AlQ3 nanoparticles was shifted to longer wavelength. The maximum 
luminance and luminous efficiency of the AlQ3 nanoparticle-based device are about 600 cd/m2 at driving bias 16V 
and 0.19 cd/A at a current density of 150 mA/cm2, respectively. The obvious quantum size effect of elec-
tro-luminescence devices with the AlQ3 nanoparticles has been proved, which will open a useful route and new 
studying field of organic electronic devices, and the study of the fundamental process connecting both of those more 
conventional classes of materials, i.e., organic molecular crystals. 
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Introduction 

Nanometer-sized particles have attracted great inter-
est in recent years because of their unique properties in 
physics and chemistry as well as their potential applica-
tion to industry.1 Many nanoparticles of different 
chemical compositions, shapes and size distributions 
have been prepared by many different kinds of meth-
ods.2-4 However, little attention has been paid to the fab-
rication of organic nanoparticles, which was probably 
due to lower thermal stability and weaker mechanical 
properties.5 Electrical and optical properties of organic 
molecular materials differed from those of inorganic 
metals and semiconductors fundamentally due to weak 
intermolecular interaction forces of the van der Waals 
type and the small radius of the Frenkel exciton.6 Up to 
now, the fundamental studies on the size-dependent or-
ganic nanomaterials, and the routes for controlling the 
size and shape of such particles are still challenging and 
of particular interest.  

Nakanishi and his co-workers prepared microcrystals 
of perylene by the simple reprecipitation processes and 
found that their nanoparticles exhibit size-dependent 
photoluminescent (PL) emission because of the reduc-

tion of the barrier from S-exciton to F-exciton states in 
the nanoparticles.7,8 Yao et al.6,9-11 have synthesized a 
series of organic nanoparticles by the reprecipitation 
method and organic nanotubes by the immersing tech-
nique using porous alumina membranes as the tem-
plate,12 such as, 1,3-diphenyl-5-(2-anthryl)-2-pyrazoline 
(DAP),9 1-phenyl-3-((dimethylamino) styryl)-5-    
((dimethylamino)phenyl)-2-pyrazoline (PDDP),6 1,3- 
diphenyl-2-pyrazoline (DP),10 1,3-diphenyl-5-pyrenyl- 
2-pyrazoline (DPP) nanoparticles11 and R-di-2-naph- 
thyl prolinol (DNP) nanotubes.12 They suggested that 
the organic nanoparticles also possess significant quan-
tum size effects resembling those of inorganic semi-
conductors and metals. Jang et al.5 have prepared 
dye-conducting polymer core-shell composite nanopar-
ticles (pyrene-polypyrrole) using microemulsion mi-
celles as nanoreactors. They have found that the emis-
sion colors of the nanohybrids could be controlled in the 
region from violet to blue by changing the amount of 
embedded pyrene. Lee et al.13 have synthesized 
1,4-bis[2-(5-phenyloxazolyl)]benzene (POPOP) nano-
wires using an anodic aluminum oxide (AAO)    
membrane, and observed that the emission spectra from 
the nanowire arrays exhibited size-dependent lumines-
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cent properties. Recently, Wang et al.14,15 prepared 
nanoparticles, nanowires and nanobelts of 
tris-(8-quinolinolato) aluminum (AlQ3) by a vapor con-
densation method. Due to the strong electrolumines-
cence (EL) of AlQ3-based organic light emitting diodes 
(OLEDs) at driving bias, AlQ3 has become one of the 
most attractive electron transporter and emitting materi-
als. To the best of our knowledge, a number of papers 
have reported the PL absorption and emission properties 
of different organic molecular nanoparticles, however, 
the electroluminescent properties of organic molecular 
nanoparticles have not yet been reported. In this work, 
AlQ3 nanoparticles with an average diameter of 20 nm 
were synthesized by the reprecipitation method and the 
PL and EL properties of the AlQ3 nanoparticles were 
studied. 

Experimental 

Chemicals and instrumentation 

All solvents and chemicals were spectrographically 
pure and used without further purification. 

Nanoparticle size and morphology were measured 
using a field emission scanning electron microscope 
(FESEM, XL30 ESEM FEG). Photoluminescent spectra 
were measured using a Hitachi F-4500 fluorescence 
spectrometer. Electroluminescent spectra were collected 
by a fiber optic apparatus and dispersed onto a CCD 
Si-detector. 

Synthesis of AlQ3 nanoparticles 

The organic nanoparticles of AlQ3 were prepared 
through the reprecipitation technique. As a typical 
preparation process, 100 µL of AlQ3-saturated N,N- 
dimethyl formamide (DMF) stock solution (ca. 1.0× 
10－3 mol/L) were rapidly injected (＜2 s) into a 5.0 mL 
chloroform solvent at room temperature (25 ), and ℃

finally AlQ3 nanoparticles with an average diameter of 
about 20 nm were formed.  

Fabrication of EL device 

The EL device consisting of ITO/PEDOT-PSS (70 
nm)/poly(vinylcobarzale) (PVK) (100 nm)/AlQ3 nano- 
particle (100 nm)/2,9-dimethyl-4,7-diphenyl-1,10- 
phenanthroline (BCP) (30 nm)/LiF (1 nm)/Al (100 nm) 
was constructed as follows. The 70 nm thick PE-
DOT-PSS layer was spin-deposited onto the cleaned 
ITO coated. The 100 nm thick PVK layer was spin de-
posited on the PEDOT-PSS layer, followed by the 
deposition of chloroform-dispersed AlQ3 nanoparticles. 
The AlQ3 nanoparticle layer was dried using a vacuum 
oven at 80 ℃, resulting in a layer of 100 nm thickness. 
The 30 nm thick BCP layer was vacuum-evaporated 
onto the AlQ3 nanoparticle layer, and then the 1 nm 
thick LiF layer and 100 nm thick Al cathode were also 
vacuum-evaporated without breaking the vacuum to 
complete the device. To operate the device, positive and 
negative voltages were applied to the ITO and Al elec-
trodes, respectively. 

Results and discussion 

The sizes and shapes of the AlQ3 nanoparticles were 
observed on a field emission scanning electron micro-
scope. Figure 1 shows the morphology of the AlQ3 
nanoparticles with the average diameter of about 20 nm. 
No change of the average particle size by varying the 
aging time was observed.  As the aging reaction time 
was increased from 24 to 48 h, the individual particles 
became slightly bigger than others in diameter. This was 
probably aggregation of the AlQ3 nanoparticles due to a 
long time placement and no ultrasonic treatment after 
the AlQ3 nanoparticle formation. 

 

 

Figure 1  Field emission SEM images of AlQ3 nanoparticles with an average diameter about 20 nm. At different aging time: (a) 10 min, 
(b) 60 min, (c) 24 h, (d) 48 h. 
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The PL spectra of the AlQ3 nanoparticles with an 

average diameter of 20 nm were obtained by excitation 
by a He-Cd laser with a wavelength 365 nm, which are 
shown in Figures 2(b), 2(c), 2(d) and 2(e), respectively. 
In addition, PL spectra of an AlQ3/NMF saturated solu-
tion and an AlQ3 nanoparticle thin film with a thickness 
of 150 nm are also displayed in Figure 2(a) and Figure 
2(f), respectively. From Figure 2(a) it is seen that there 
is a maximum intensity of PL emission peak at 533 nm, 
a broad emission band ranging from 450 to 700 nm for 
the AlQ3/NMF saturated solution.  

 

Figure 2  PL spectra of AlQ3: (a) AlQ3/DMF saturated solution 
(ca. 1.0×10－3 mol/L); (b) AlQ3 nanoparticle dispersions in chlo-
roform from a 10 min reaction; (c) AlQ3 nanoparticle dispersions 
in chloroform from a 60 min reaction; (d) AlQ3 nanoparticle dis-
persions in chloroform from a 24 h reaction; (e) AlQ3 nanoparti-
cle dispersions in chloroform from a 48 h reaction; (f) AlQ3 
nanoparticle thin film of a thickness 150 nm. 

The PL emission spectra of both the AlQ3 nanoparti-
cles with an average diameter of 20 nm and the AlQ3 
nanoparticle thin film are also broad, covering the visi-
ble region from 450 to 700 nm at the same maximum 
intensity at about 529 nm. Blue-shifting of about 4 nm 
was observed in this study. A blue-shifting of the PL 
spectrum in nanometer-sized inorganic semiconductors 
whose sizes are less than 10 nm is often observed be-
cause of the quantum confinement effect.16 The 
size-dependence of the AlQ3 nanoparticles with an av-
erage diameter of 20 nm is also likely due to Mie scat-
tering, which is often observed in metal nanoparticles.8 
Thus, it is concluded that organic nanoparticles also 
possess the same significant size effects like inorganic 
semiconductors and metals, which is an interesting 
phenomenon because these are a wide variety of organic 
molecular structures compared to the semiconductors. 

Figure 3 shows a comparison of PL of the AlQ3 
nanoparticle solution and EL of the device based on the 
AlQ3 nanoparticles. It is obvious that the EL emission 
was blue-shifted from 529 to 524 nm, and broader 
bandwidth of the EL emission spectra compared to the 
PL spectra was determined. These results are well- 
known characteristics of nanocrystal-based EL.16,17 
Above results further indicate that the organic molecular 
AlQ3 nanoparticles possess a special dependence. It was 
found that no EL emission was observed for the device  

 

Figure 3  Comparision of PL spectra of AlQ3 nanoparticle solu-
tion (a) and EL emission spectra of ITO/PEDOT-PSS (70 
nm)/PVK (100 nm)/AlQ3 nanoparticle (100 nm)/BCP (30 
nm)/LiF (1 nm)/Al (100 nm) device at bias of 24 V (b). 

without a PEDOT-PSS layer, indicating that the PE-
DOT-PSS either lowers the energy barrier of hole injec-
tion from the ITO electrode or enhances the hole mobil-
ity.17 

Dependence of the emission spectra on the applied 
bias of the EL device is shown in Figure 4. We can see 
that the intensities and peaks of the EL emission in-
crease with increasing the applied bias. At lower volt-
ages, such as 10 and 12 V, both the emission spectra of 
the PVK and AlQ3 nanoparticles were observed, respec-
tively. In the meanwhile, with increasing the bias, the 
maximum EL peak position of the AlQ3 nanoparticles 
was shifted from 500 to 517 nm. The red-shift of the EL 
emission peaks with increasing applied voltage was 
possibly attributed to local Joule heating from the large 
current flux and poor thermal conductivity of the emit-
ting layer.17 

 

Figure 4  EL spectra of the device based on ITO/PEDOT-PSS 
(70 nm)/PVK (100 nm)/AlQ3 nanoparticle (100 nm)/BCP (30 
nm)/LiF (1 nm)/Al (100 nm) under different applied voltages. 

Figure 5 shows the current density-voltage-lumi- 
nance and luminous efficiency-current density charac-
teristics of the ITO/PEDOT-PSS (70 nm)/PVK (100 
nm)/AlQ3 nanoparticle (100 nm)/BCP (30 nm)/LiF (1 
nm)/Al (100 nm) device. It can be seen that with in-
creasing the applied bias, the luminance and the current 
density increase rapidly and the threshold bias is lower 
than 9 V, indicating that the greater parts of the voltage  
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Figure 5  Current density-voltage-luminance and luminous effi-
ciency-current density characteristics of the ITO/PEDOT-PSS (70 
nm)/PVK (100 nm)/AlQ3 nanoparticle (100 nm)/BCP (30 
nm)/LiF (1 nm)/Al (100 nm) device. 

drops were across the AlQ3 nanoparticles layer, which 
further confirms that the AlQ3 nanoparticle layer con-
trols the current density-voltage characteristic of the 
device. The maximum luminance and luminous effi-
ciency of the AlQ3 nanoparticle-based device are about 
600 cd/m2 at 16 V bias and 0.19 cd/A at a current den-
sity of 150 mA/cm2, respectively. 

Conclusion 

In summary, AlQ3 nanoparticles of the average size 
of about 20 nm were synthesized by a reprecipitation 
method. The AlQ3 nanoparticles are spherical and the 
average particle size does not change with varying the 
aging time. Blue shift of both the PL- and EL-spectra 
for the AlQ3 nanoparticles was observed. These findings 
indicate that the organic molecular AlQ3 nanoparticles 
possess special size properties. With increasing the ap-
plied bias, the maximum EL emission peak of the AlQ3 
nanoparticles was shifted to longer wavelength. The  

maximum luminance and luminous efficiency of the 
AlQ3 nanoparticle-based device are about 600 cd/m2 at 
16 V bias and 0.19 cd/A at a current density of 150 
mA/cm2, respectively. The obvious quantum size effect 
of the EL devices with the AlQ3 nanoparticles has been 
proved, which will open a useful route and new studying 
field of organic electronic devices, such as optical 
modulators controlling the wavelength in organic 
photoconductors or EL materials, and the study of the 
fundamental process connecting both of those more 
conventional classes of materials, i.e., organic molecular 
crystals. More detail work will be of great interest for 
future study. 
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