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On the blue emission of a novel solution-processed stilbenoid dendrimer
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bstract

A novel blue fluorescent first generation stilbenoid dendrimer built on the 1,3,5-benzene core and endowed with a periphery of

exyloxy branches has been synthesized and is proposed as an active layer for organic light-emitting diodes processed by spin coating. In

his work, we have obtained homogeneous thin films with blue emission (2.8 eV) by spin coating instead of the usual evaporation method

sed for low-weight molecular materials. The absorption and emission spectra of the films are analyzed and compared to that of the

olecule. The obtained results show the dependence of the absorption and emission properties on the morphology and the dendrimer

ggregation in the film. The effect of inter-dendrimer interactions leads to a broadening of the absorption bands and to a reduction of the

hreshold as the aggregation increases. The most efficient solid-state emission is for the films obtained from chloroform as solvent in the

recursor solution.
er B.V. All rights reserved.
eywords: Dendrimer; Photoluminescence; OLED

. Introduction

Since the discovery of efficient electroluminescence (EL)
n small organic molecules [1] and conjugated polymers [2]
here has been a considerable interest in synthesizing new
aterials to increase efficiency and stability of organic light-
mitting diodes (OLEDs). Linear-chain polymers are the
ystems most often prepared, but such materials suffer from
ome limitations such as broad molecular weight distribu-

material that are deposited simply by spin coating or even
printing [6]. Previous attempts to obtain thin films with blue
emission from solution-processed dendrimers based on
stilbene report a broad, yellow emission due to the strong
aggregation [7]. In this work, a new blue-emitting stilbenoid
dendrimer has been synthesized and thin films of this
material have been prepared by spin coating. Photolumines-
cence (PL) recorded from these films shows a well-resolved
blue band with maximum intensity at 2.83 eV, making them
ion, poorly defined morphologies, and uncontrolled intra- suitable candidates as active layer for blue OLED displays.
2
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nd inter-chain interactions. Conjugated dendritic struc-
ures, however, provide a high degree of control in terms of
olecular size, shape, and location of functional groups

3,4]. Recently, dendrimers have been shown to be suitable
aterials for optoelectronic applications [5]. In spite of these
dvantages, thin films of these materials are usually
repared by evaporation due to the strong tendency to
ggregate that prevents their use in low-cost, large-area
LED display technologies, in contrast with polymeric
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. Experimental section

.1. Optical measurements

Absorption and emission spectra have been measured
oth from solutions in CHCl3 and films on quartz
ubstrates. Absorption spectra were recorded with a Varian
pectrophotometer model Cary 4000. PL measurements
ere performed at room temperature under 365 nm excita-
ion from a quartz tungsten lamp with a 10nm bandpass
lter. A home-made system consisting of a Jobin-Yvon HR
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460 monochromator coupled to a N2-cooled CCD was used.
The light was collected through an Olympus microscope. All
emission spectra have been corrected by the spectral
response of the experimental setup.

2.2. Synthesis

The novel dendrimer (compound 3 in Scheme 1) was
obtained with 30% yield following the Wittig–Horner
reaction between triphosphonate (2) and p-hexyloxyben-
zaldehyde (1) in dry tetrahydrofuran (THF), using
potassium tert-butoxide as base. This synthetic approach
is highly convenient, as it provides stilbenoid dendrimers
straightforwardly and in good yields. Moreover, all-trans

configuration for the double bonds is attained as an
additional advantage of this approach, thus avoiding the
need of further isomerization steps. This all-trans config-
uration is evidenced by 1H-NMR. In fact, besides the
expected signals for both the benzene core (a singlet at
7.84 ppm) and the peripheral p-alkoxybenzene rings (two
doublets with a characteristic ortho coupling constant J of
ca. 8.68Hz), two additional doublets, with a typical
coupling of ca. 16.34Hz, are also observed. This value
corresponds well with the expected value for a 3Jtrans
coupling, thus evidencing the trans disposition of the
vinylic protons [8]. Further evidence concerning the
structure of 3 is given by 13C-NMR, FTIR spectroscopies,
and mass spectrometry (MS). The good accordance
between calculated and expected values for microanalysis
gives a proof of the purity of the material.

2.3. Film fabrication

All the solutions were kept in an ultrasonic bath for
10min and filtered through a 0.2 mm filter, prior to spin
OC6H13

OC6H13

OC6H13

C6H13O
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coating at 6000 rpm for 45 s on quartz substrates and then
cured for 30min at 60 1C. All the processes were carried out
in a clean room environment class 1000. The concentration
was for all cases 0.9wt%.
3. Results and discussion

The interesting photophysical and photochemical prop-
erties of stilbenoid derivatives have motivated the incor-
poration of stilbenoid chromophores into dendrimers.
Only recently, several synthetic routes have been developed
to achieve this target. The introduction of different
chromophores, both at peripheral positions and at the
core, arises as a useful approach for the appropriate tuning
of properties. The introduction of peripheral alkoxy chains
enhances the solubility in usual organic solvents and
increases the electronic density of the molecule since
oxygen is an electronic donor. We have studied the effect
of these peripheral alkoxy chains on the final material
comparing the dendrimer 3 with its unsubstituted analo-
gue: 1,3,5-tristyrylbenzene (4, Fig. 1). The absorption and
emission spectra of both compounds in 10�5M chloroform
(CHCl3) solutions are shown in Figs. 1(a) and (b)
respectively. A red shift is observed both on absorption
and emission spectra as expected due to the addition of an
electron-donating group [9]. The maximum of the absorp-
tion is at 3.82 eV for dendrimer 3 and at 3.93 eV for the
unsubstituted analog 4. The narrower absorption band for
the dendrimer indicates that no aggregation occurs,
confirming the increase of solubility. A large increase in
the molar absortivity coefficient e for the dendrimer is
observed (66900M�1mm�1 for 3 and 5700M�1mm�1 for
4 at the maximum of their absorption spectra). The
dendrimer emission peaks at 3.09 eV (0.1 eV red shifted
with respect to its analog), with a vibronic peak at 2.98 eV,
and a shoulder at 2.83 eV.
Obtaining uniform thin films is the first technical

requisite to fabricate an OLED display. For this purpose
tests with four different solvents have been made in order
to obtain suitable morphologies: toluene, THF, chloro-
benzene (C6H5Cl), and CHCl3. Although all the dendrimer
solutions are transparent at first glance, this does not
guaranty homogeneous films after the deposition due to the
tendency to form dendrimer islands of these low-weight
molecular materials. We analyzed the absorption and
emission of the thin films fabricated by spin coating and
compared them to the molecule spectra obtained from a
10�5M solution in CHCl3.
Environmental scanning electron microscopy (ESEM)

images (Fig. 2) reveal that the final morphology results of
the films to be very different depending on the solvent. We
could observe a relation between the morphology of the
films and their absorption spectra. The spectra of films
obtained from toluene could not be measured due to the
formation of highly non-homogeneous films with dendri-
mer islands and large areas with no material (white zones in
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Fig. 1. Comparison of the absorption (a) and emission (b) spectra of the unsubstituted 1,3,5-tristirylbenzene core (4) and the dendrimer in 10�5M

chloroform solution. The inset shows the values of the molar extinction coefficient e (M�1mm�1).

Fig. 2. ESEM images of the obtained films.
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Fig. 2), as confirmed by energy dispersion X-ray spectro-
metry (EDX).

The absorption and emission spectra of the other films
are shown in Fig. 3, together with the spectra for the
molecule in CHCl3 solution, shown for comparison. The
absorption spectra of the films from C6H5Cl and THF
solvents show a shift to the red with respect to the material
in CHCl3 solution (inset of Fig. 3), a broadening of the
absorption bands, and the appearance of new bands
revealing the effect of inter-dendrimer interaction, which
lead to the reduction of the absorption threshold energy.



The broader spectrum corresponds to the films where
larger dendrimer aggregate areas are observed. On the
contrary, the film obtained from CHCl3 as the precursor
solvent does not show a significant shift in the maximum of
absorption and exhibits a narrower spectrum. The film is
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which are suitable candidates to fabricate OLED displays
with low-cost, large-area solution-processing technologies.
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ansparent with a very good uniformity. The measured
ickness of this film is 185 nm and the roughness is around
5 nm. The emission for all the fabricated films peaks at
83 eV and lacks vibrational structure (Fig. 3). The red
ift, observed in the solid-state PL emission when
mpared with the molecule, may be explained by the
ct that in the solid state the molecules can experience a
ider distribution of conformations, including a more
anar state that gives rise to a lower HOMO–LUMO
ergy gap [10].
Fig. 3 also shows the emission and absorption spectra of
e films in a suitable scale in order to compare their
lative intensities. Although the high absorbance at the
citation wavelength is for the film obtained with THF as
lvent in the precursor solution, the maximum emission
rresponds to the most homogeneous film obtained with
loroform as solvent in the precursor solution.

Conclusions

The attachment of alkoxy (–OC6H13) chains to a 1,3,5-
istyrylbenzene core results in a blue-emitting stilbenoid
ndrimer both in solution and in thin solid film. We have
bricated uniform blue-emitting thin films by spin coating
ing chloroform as solvent in the precursor solution,
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