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Abstract 
 

A novel class of conjugated dendritic molecules bearing N-hexyl-substituted carbazoles as peripheral groups and various 
conjugative aromatic cores was synthesized through Heck coupling and the Horner-Emmons reaction. A multi-
layered structure of ITO/PEDOT:PSS (30 nm)/emitting material (50 nm)/BCP (10 nm)/Alq3 (10 nm)/LiF (1 nm)/Al (100 nm) 
was employed to evaluate the synthesized dendritic materials.  

The electroluminescence spectrum of the multilayered device made of 3Cz predominantly exhibited blue emissions. 
Similar emissions were observed in the PL spectra of it’s the device’s thin film. The multilayered devices made of 3Cz, 3BCz, 
and 4BCz showed luminance values of 6,250 cd m–2 at 24 V, 3,000 cd m–2 at 25 V, and 1,970 cd m–2 at 36 V, respectively. 
The smallest molecule, 3Cz, which bore three carbazole peripheral groups, exhibited a blue-like emission with CIE 1931 
chromaticity coordinates of x = 0.17 and y = 0.21.   
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1. Introduction 
 
Recently, semiconducting organic materials have at-

tracted considerable interest as suitable candidate materials 
in the fields of electronics and optoelectronics [1–3]. 
Among the many applications of these organic materials, 
electroluminescent (EL) devices that use organic materials 
with a low molar mass are the most popular and have al-
ready been employed in practical applications such as flat-
panel or flexibledisplay devices [4-9].  

The use of functional dendrimers has been proposed 
for the preparation of multi-chromophoric material systems 
that possess unique molecular architectures and characteris-
tics. They may be employed for charge transportation and 
also as luminescent materials in light-emitting devices 
(LEDs) [10–14]. It has been found that the photophysical 
properties of the dendritic core, such as the absorption and 

emission behaviors, can be fine-tuned by modifying the 
environment around the core [15-16].  

Efficient hole carrier transport is a prerequisite for 
achieving high-performance EL devices accompanied by 
well-balanced hole injection and electron injection. In a 
multilayer device, the individual layers should be optimized 
to arrive at the most suitable highest occupied molecular 
orbital (HOMO) and lowest unoccupied molecular orbital 
(LUMO) energy levels. By fine-tuning these energy levels, 
many promising hole-transporting layer (HTL) materials in 
a multilayer device have been suggested to enhance hole 
injection and block electrons. Thus, confined excitons have 
been formed in the emitting layer (EML) [17-18].  

The use of functional multi-branched molecules has 
been proposed for the fabrication of the functional layer in 
EL devices, since their molecular architecture is unique and 
they possess characteristics that optimize the proper HOMO 
and LUMO energy levels. They can be easily synthesized 
so that they would be free from impurities that can behave 
as carrier traps. They can also be employed as carrier-
transporting materials and as luminescent-host materials in 
EL devices [19]. Carbazole derivatives have been well 
adopted in the design of hole-transport molecules or host 
molecules in light-harvesting material systems. Recently, J. 
Y. Li et. al. reported the interesting properties of carbazole-
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based multi-branched molecules [20-21]. 1,3,5-Tris[2-(9-
ethylcarbazyl-3)ethylene]benzene (TECEB) was prepared 
as a hole-transporting material for organic light-emitting 
devices (OLEDs). They claimed that it is comparable to 
1,4-bis(1-naphthyl phenylamino)biphenyl (NPB) in terms 
of their HOMO/LUMO energy levels and carrier drift mo-
bility. Although it was suggested as superior to NPB in 
terms of its higher glass-transition temperature (Tg = 130°C) 
and ease of synthesis, it was found unsuitable in the wet 
processing of the multilayer EL device. It should be evapo-
rated to form a hole-transporting layer under a high vacuum.  

The photophysical properties of a novel class of con-
jugated dendritic molecules that bear carbazoles as periph-
eral groups and three conjugative aromatic cores are re-
ported in this paper. Electroluminescence (EL) devices were 
fabricated using only the new carbazole-based molecules, 
which displayed good self-film-forming properties. Highly 
homogeneous and structureless PL and EL spectral behav-
iors of these molecules were obtained. The 3Cz molecules 
showed particularly promising EL properties. The density 
effects of the carbazole moiety at the periphery on the PL 
and EL characteristics were also investigated. These effects 
are discussed in this paper with references to possible me-
chanisms. 

 
2. Experiments     

 
Instrumental analysis 
The thermal properties were studied under a nitrogen 

atmosphere with a Mettler DSC 821e instrument. A thermal 
gravimetric analysis (TGA) was conducted with a Mettler 
TGA50 thermal analysis system under a heating rate of 
10oC/min. The redox properties of the synthesized com-
pounds were examined via cyclic voltammetry (Model: 
EA161 eDAQ). A platinum plate was coated with thin films 
using chloroform as a solvent. The electrolyte solution used 
was 0.10M tetrabutylammonium hexafluorophosphate 
(Bu4NPF6) in freshly dried acetonitrile. The Ag/AgCl and Pt 
wire (0.5 mm in diameter) electrodes were utilized as the 
reference and counter electrodes, respectively. The scan rate 
was 50 mV/s.  

 
Absorption and photoluminescence spectroscopy 
To study the absorption and PL spectral behavior, thin 

films of dendritic molecules were fabricated on quartz sub-
strates as follows. The solution (2.5 wt%) of each molecule 

in monochlorobenzene was filtered through an acrodisc 
syringe filter (Millipore 0.2 µm) and subsequently spin-cast 
on the quartz glass. The films were dried overnight at 60oC 
for 48 hours under a vacuum. The absorption spectra of the 
film samples and the chloroform solution (conc. 4.0x10-6 
mole/L) were obtained using a UV-vis spectrometer (HP 
8453, PDA type) in the wavelength range of 190–1,100 nm. 
The PL spectra were recorded with an AMINCO-Bowman 
Series 2 luminescence spectrometer. 

 
Electroluminescence measurement 
The multilayer diode had a structure of 

ITO/PEDOT:PSS (30 nm)/emitting material (50 nm)/BCP 
(10 nm)/Alq3 (10 nm)/LiF (1 nm)/Al (100 nm). The con-
ducting PEDOT layer was spin-coated onto the ITO-coated 
glasses in an argon atmosphere. The emitting layer was then 
spin-coated onto the thoroughly dried PEDOT layer using 
the monochlorobenzene solution (conc: 5 wt%). 

For the multilayer devices, the 2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (BCP) and tris(8-
hydroxyquinoline) aluminium (Alq3) layers were vacuum-
deposited using a VPC-260 (ULVAC, Japan) vacuum coater 
and a CRTM-6000 thickness monitor (ULVAC, Japan) onto 
the emitting dendrimer layer. Finally, the LiF (1 nm)/Al 
(100 nm) electrodes were deposited onto the Alq3 layer un-
der the same conditions. 

The EL spectra of the synthesized compounds were al-
so acquired with an AMINCO-Bowman Series 2 lumines-
cence spectrometer. The J-V-L characteristics were meas-
ured using an assembly that consisted of DC power supply 
(Hewlett-Packard 6633B) and a digital multimeter (Hew-
lett-Packard 34970A). The luminance was measured using a 
Minolta LS-100 luminance meter. The thickness of the 
emitting layer was determined with a TENCOR P-10 sur-
face profilometer. 

 
3. Results and discussion 

 
Reported in this paper are the electrochemical charac-

terization and photophysical characterization of a novel 
class of conjugated dendritic molecules that bear carbazoles 
as peripheral groups and various conjugative aromatic cores. 
The structures of the three molecules are illustrated in Fig. 
1. The synthetic procedure used was reported in the authors’ 
previous paper [22]. The newly synthesized materials were 
found to have had a good self-film-forming property and  
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showed good solubility in various organic solvents such as 
chloroform, xylene, monochlorobenzene, and tetrahydrofu-
ran (THF). 

The thermal properties of the dendritic molecules were 
characterized by differential scanning calorimetry (DSC) 
and thermogravimetric analysis (TGA). In contrast to 3Cz, 
the molecules of 3BCz and 4BCz exhibited no discernible 
crystalline-isotropic transition up to 250oC, as observed in 
the DSC thermograms. (See Table 1.) This implies that they 
have a low degree of crystallinity and decomposition with-
out clear melting behavior. The glass transition tempera-
tures (Tgs) of 3Cz and 3BCz were 50 and 87°C, respectively. 
3Cz has the lowest glass transition temperature due to the 
molecular weight effect. 4BCz did not show a clear glass 
transition behavior in the measuring temperature range. 
This indicates that 3BCz and 4BCz can exhibit an amor-
phous morphology in solid films, which seems useful for 
application to HTL or host materials in an OLED. The TGA 
measurements at a heating rate of 10°C/min under nitrogen 
revealed good thermal stability. The three dendritic mole-
cules were thermally stable up to 430-450°C.  

Fig. 2 displays the absorption and PL spectra of the 
three carbazole-based compounds in the diluted chloroform 
solutions. The three dendritic molecules all had meta-

substituted carbazole moieties, and their conjugation 
lengths were almost identical. These resulted in the appear-
ance of the absorption and emission maxima of all the mo-
lecules at around almost identical wavelengths. The absorp-
tion spectra in the solutions revealed characteristic carba-
zole absorption peaks of 346-358 nm. Without considering 
an intermolecular interaction in the diluted solution, the 
lower-absorption maximum wavelength of 4BCz indicates 
that the different geometry of the biphenyl central unit af-
fected the oscillating strength of the conjugated bond. Gen-
erally, the red shift of λmax in a film relative to that in a solu-
tion is observed due to the intermolecular interaction be-
tween the molecules that exist in the ground state. No mo-
lecule in the film state exhibited a significant red shift in the 
spectrum, however, which indicates that no undesirable 
intermolecular interaction resulted in the isolation of the 
photophysical properties. (See Fig. 2 and Table 1.)  

The PL spectra of the three molecules in the solutions 
and films were featureless and were almost a mirror-image 
of the low-energy absorption band. The spectral shapes in-
dicate that the low glass transition temperature induced the 
various molecular conformations that diversified the energy 
states. Compared to the solution’s spectral behaviors, in the 
film state, 4BCz showed a larger-absorption maximum wa-

 
                                     (a)                              (b)                                  (c)  

Fig. 1. Structures of the three carbazole-based dendritic molecules: (a) 3Cz, (b) 3BCz, and (c) 4BCz. 
 

Table 1. Measured and Calculated Parameters of the Three Dendritic Molecules. 

4BCz

3BCz

3Cz

Compound

78

87

50

Tg

(℃) FilmSolutionFilmSolutiona

3.04-2.30-5.34437425349345450

2.93-2.39-5.32448435360356440

2.99-2.50-5.49441417350346430

Eg
b

(eV)
LUMO

(eV)
HOMO

(eV)

λmax
PL (nm)λmax

abs. (nm)
Td

(℃)

4BCz

3BCz

3Cz

Compound

78

87

50

Tg

(℃) FilmSolutionFilmSolutiona

3.04-2.30-5.34437425349345450

2.93-2.39-5.32448435360356440

2.99-2.50-5.49441417350346430

Eg
b

(eV)
LUMO

(eV)
HOMO

(eV)

λmax
PL (nm)λmax

abs. (nm)
Td

(℃)

a chloroform (c= 4 x 10-6 M)
b optical bandgap , Eg(eV)= 1240 / λcutoff (nm)  
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velength accompanied by a shoulder-like peak at 390 nm. 
This might have been due to the higher degree of molecular 
stacking through the larger core units themselves. The PL 
spectra of the synthesized molecules in the films exhibited a 
red shift of 12-24 nm and became broader in comparison to 
the spectra in the chloroform. These features are usually 
observed in organic and polymer-conjugated materials 
mainly due to the different polarities of their environments 
and their different degrees of intermolecular interaction. In 
particular, the PL spectra of 3Cz exhibited the largest red 
shift (∆λ = 24 nm), which indicates relatively stronger in-
termolecular interactions. Compared to the PL spectra in the 
solution states, the emission intensity at around 510-530 nm 
only slightly increased in the spectra of the thin films. This 
could be attributed to a larger extent of excimer or to inter-
molecular interaction. (See Fig. 2.) 

The electrochemical properties of the synthesized 
compounds were examined via cyclic voltammetry (Model: 
EA161 eDAQ) to study the molecular energy levels. A pla-
tinum plate was coated with the molecular thin films using 
chloroform as a solvent. The potentials were obtained rela-
tive to an internal ferrocene reference (Fc/Fc+). The HOMO 
and LUMO levels were determined to have been in the 
range of -5.32 to -5.49 eV and -2.30 to -2.50 eV, respec-
tively. (See Table 1.) Considering the suitable energy levels 
for the HTL in the multilayer structural EL device, these 
values indicate that the compounds can potentially be used 
as an HTL for efficient cascading-carrier transport and as an 
electron-blocking layer. 

 
Electrical and Electroluminescence Properties 
3Cz, 3BCz, and 4BCz were used as the emissive mate-

rials of the light-emitting diodes (LEDs) in the multilayer 

devices. A poly(ethylene dioxythiophene):poly(styrene sul-
fonic acid) (PEDOT:PSS) thin film was deposited on in-
dium tin oxide (ITO) as the anode for the facilitation of the 
hole injection, and it was coated with the synthesized mate-
rials to form the emissive layer. A thin film of 2,9-dimethyl-
4,7-diphenyl-1,10-phenanthroline (BCP) with a thickness of 
10 nm was subsequently vapor-deposited on the emitting 
layer as a hole-blocking material to confine the exciton re-
combination and to limit the loss of the faster moving holes 
to the cathode. This was followed by the sequential deposi-
tion of a 40-nm electron injection layer of a tris(8-
hydroxyquinoline) aluminium (Alq3)

 
and LiF (1 nm)/Al 

(100 nm) electrode. The EL devices with BCP/Alq3 layers 
were found to have been much more efficient than those 
without these layers. 

The current density-voltage and luminance-voltage 
curves of the three dendritic molecules are shown in Fig. 3.  

Voltage (V)
0 10 20 30 40

L
um

in
an

ce
 (c

d/
m

2 )

100

101

102

103

104
(a)
(b)
(c)

C
ur

re
nt

 d
en

si
ty

 (m
A

/c
m

2 )

0

50

100

150

200

250

300

350

 
Fig. 3. Dependence of current density and luminance on the ap-
plied voltage for the following samples: 3Cz (Device A, circle); 
3BCz (Device B, triangle); and 4BCz (Device C, square). Open 
symbol: luminance; filled symbol: current density.  
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Fig. 2. Absorption and PL spectra of the carbazole-based dendritic molecules: (a) the solution in chloroform (4x10-6 M), and (b) the film. 
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The turn-on voltages (electric fields) of the three LEDs 
were in the range of 8.5-11.0 V (0.7-0.8 MV/cm). The de-
vice with 3Cz showed a slightly lower turn-on voltage of 
approximately 8.5 V (0.5 MV/cm). The maximum bright-
ness of the LEDs was 6,250 cd/m2 at 283.5 mA/cm2 (24 V) 
for the 3Cz device; 3,000 cd/m2 at 256.64 mA/cm2 (25 V) 
for the 3BCz device; and 1,970 cd/m2 at 149.85 mA/cm2 
(36 V) for the 4BCz device. (See Table 2.) 

Fig. 4 displays the dependence of the luminous effi-
ciency on the current density in the three EL devices. The 
maximum luminous efficiencies of devices A (3Cz), B 
(3BCz), and C (4BCz) were 4.15 cd/A (at 1.63 mA/cm2), 
3.76 cd/A (at 4.24 mA/cm2), and 2.36 cd/A (at 1.90 
mA/cm2), respectively.  

The maximum power efficiencies of the EL devices 
made of A, B, and C were 1.13 lm/W (at 1.63 mA/cm2), 
0.81 lm/W (at 4.24 mA/cm2), and 0.49 lm/W (at 1.90 

mA/cm2), respectively. (See Fig. 5.) It should be noted that 
the devices made of 3Cz showed higher luminance and effi-
ciencies than the other devices. In a higher electric field at a 
higher current density, a quenching effect was highly in-
duced in the normal multilayer EL devices. The fabricated 
devices showed relatively high efficiency stability, however, 
except for Device C, with 4BCz. The carriers were usually 
recombined at the emitting layer than at the interface be-
tween the hole and the electron-transporting layers. Device 
A exhibited an increment of the electron injection efficiency 
at the emitting layer and of the electron conduction within 
its layer. 

The EL emission spectra of the devices at a constant 
luminance and their CIE coordinate chart are shown in Fig. 
5. The three EL spectra became featureless, and particularly, 
Device A with 3Cz showed a significantly blue-emitting 
spectral behavior. Devices B and C, however, showed dif-

Table 2. Measured Parameters of the Three EL Devices. 
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ferent spectral behaviors. They displayed greenish emis-
sions, as can be seen in the CIE chart. To explain this, it 
may be conjectured that different excited-state species are 
responsible and superimposed for the PL and EL emissions. 
The larger FWHMs in the spectra of Devices B and C were 
possibly due to a higher degree of interactive exciton cou-
pling in the devices. In particular, Device C showed a green 
emission, which might have been due to the exciplex for-
mation between the emitting layer and the BCP. In the case 
of Device A with 3Cz, the EL spectrum was similar to the 
PL spectra, which suggests that the same excited-state spe-
cies was responsible for both the PL and EL emissions. 
Without severe leakage of holes into the BCP and Alq3 lay-
ers, the green emission in Device A diminished. The BCP 
was also crucial in the confinement of the charge recombi-
nation in the emissive layer of 3Cz and in its prevention 
from undesired emissions from Alq3. 

When the EL spectrum was converted into chroma-
ticity coordinates on the CIE 1931 diagram, it was observed 
that the coordinates of the materials illustrated green and 
blue emissions, although similar carbazolyl fluorphores 
were used. A blue emission from 10 was obtained (x = 0.17, 
y = 0.21) that was different from the others, although it was 
not consistent with the National Television System Com-
mittee (NTSC) standard for blue color (x = 0.14, y = 0.08). 
[See Fig. 5 (B)]. The coordinates of Device B, which dis-
played greenish-white emissions, were x = 0.27 and y = 

0.39. Device C with 4BCz, however, showed a green emis-
sion (x = 0.31 and y = 0.47). 

 
4. Conclusion 

 
Novel dendritic molecules were prepared for the emis-

sion of species in multilayer EL devices. The HOMO and 
LUMO energies of the synthesized molecules were found to 
be suitable as hole transporting materials in a multilayer EL 
device. The absorption and PL spectra indicated that the 
molecules that bore carbazoles as peripheral groups could 
exhibit highly isolated photophysical properties. It was also 
observed that the light emission of the LED devices fabri-
cated with Device A with 3Cz was mainly from the compo-
nents that contained a large-bandgap structural material, i.e., 
the blue emitting material. This was attributed to the pre-
vention of exciton migration and trapping from the core 
moieties.  

This study unambiguously demonstrated the complete 
utilization and future potential of dendritic molecules, 
which take advantage of limited exciton migration and 
trapping for the fabrication of better EL devices. 
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