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Abstract—The synthesis and the characterization of triphenylbenzene-cored dendrimers of first- and second-generation are
described. Their absorption, photoluminescence as well as their two-photon absorption properties have been investigated and
compared to a quadrupolar counterpart. These molecules combine wide transparency in the visible range and high two-photon
absorption cross-sections that increase with the generation, making these dendrimers promising systems for optical power limiting
applications. © 2003 Elsevier Science Ltd. All rights reserved.

Two-photon absorption (TPA) has found many applica-
tions, such as microfabrication,1 3D optical data storage,2

photodynamic therapy,3 and two-photon laser scanning
fluorescence imaging.4 TPA has also promising potential-
ities for optical power limiting.5,6 Such a nonlinear process
offers the possibility of maintaining high transparency in
ambient light and achieving efficient and immediate
protection against the high intensity delivered by pulsed
lasers. Candidate molecules for optical power limiting
should exhibit both a high two-photon absorption cross-
section (�2) and a high transparency at low intensity (i.e.
a weak linear absorption). Both one- and two-dimen-
sional push–pull molecules can be endowed with large
two-photon absorption cross-sections,6,7 but often at the
expense of reduced transparency in the visible range. For
optical power limiting applications, quadrupolar systems
are even more attractive than push–pull systems.6 Molec-
ular engineering of quadrupolar molecules can indeed
lead to giant two-photon absorption cross-sections.8–10

More recently it has been shown that octupolar
molecules,11 branched12 and multibranched structures13

can also lead to compounds of interest for multiphoton
absorption and optical limitation.

Within this framework, we present the synthesis and the
optical properties (absorption, fluorescence and TPA) of
a series of molecules of increasing dimensionality and
branched character designed in order to investigate and

optimize the TPA/transparency trade-off in the visible
range (Fig. 1). Quadrupolar (1), octupolar (2) and
dendritic (3) molecules bearing solubilizing electron-
donating peripheral groups have been synthesized. Our
aim was to allow for intramolecular charge transfer to
take place from the periphery towards the center of the
molecule. Such a phenomenon has been shown to give
rise to large optical nonlinear responses in quadrupolar8,14

and octupolar systems.15,16 Phenylenevinylene units have
been selected as connectors17,18 to ensure effective elec-
tronic conjugation between the ‘nodes’ while preserving
suitable transparency. The triphenylbenzene moiety has
been selected as ramification node that maintain large
distance between the conjugated connectors, thus pre-
venting sterical hindrances which could hamper electronic
conjugation.16

The quadrupolar analogue 1 was synthesized by reaction
of (1,1�-biphenyl)-4,4�-dicarboxaldehyde (4) with 2 equiv.
of the phosphonium salt 5, and subsequent izomerization
of the obtained mixture of stereoisomers using a catalytic
amount of iodine under illumination (Scheme 1). The
octupolar first-generation dendrimer 2 was prepared by
reacting the trialdehyde 6 with 3 equiv. of the phospho-
nium salt 5.16 On the other hand, reaction of the same
trialdehyde 6 with only 2 equiv. of 5 afforded a mixture
containing 2 together with the new dendron 7. The latter
compound was isolated, after isomerization with iodine
and light, in a 42% yield. A triple Horner–Wadsworth–
Emmons condensation with triphosphonate 8, using NaH
as a base and 18-crown-6 as a solid–liquid phase transfer
catalyst19 (allowing for increase of the conversion rate),
finally afforded the second-generation dendrimer 3
(Scheme 1). All these derivatives have been fully charac-
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Figure 1. Series of NLO-phores 1–3 of increasing branched-character.

Scheme 1. Reagents and conditions: (a) 4 (1 equiv.), 5 (2.4 equiv.), t-BuOK, CH2Cl2, 20°C, 5 h, then I2 cat., h� (86%); (b) 6 (1
equiv.), 5 (3.3 equiv.), t-BuOK, CH2Cl2, 20°C, 4 h, then I2 cat., h� (82%); (c) 6 (1 equiv.), 5 (2 equiv.), t-BuOK, CH2Cl2, 20°C,
24 h, then I2 cat., h� (42%); (d) 8 (1 equiv.), 7 (3.5 equiv.), NaH, THF, 18-crown-6 cat., reflux, 26 h (44%).
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Table 1. One- and two-photon photophysical data of molecules 1–3 in toluene

� (M−1 cm−1) �cut-off
a (nm) �em (nm) �b�abs (nm) �c (ns)Compd �2

d (GM)

83000 455 4551 0.81401 0.82 757
131000 433 438384 0.362 0.63 407
3600003 432375 442 0.37 0.60 798

a Wavelength at which the transmittance is 95%.
b Fluorescence quantum yield determined relative to fluorescein in 0.1 N NaOH.
c Experimental fluorescence lifetime.
d TPA cross-section at 755 nm; 1 GM=10−50 cm4 s photon−1; TPEF measurements were performed using a mode-locked Ti:sapphire laser

delivering 80 fs pulses at 80 MHz, calibrating with fluorescein.

3 were found to be of 407 and 798 GM, respectively, which
corresponds to 12 and 23 times that of the standard
fluorophore fluorescein, respectively. Interestingly, we
observe that the second-generation dendritric molecule 3
shows a TPA cross-section twice that of its first-genera-
tion (octupolar) analogue 2 yet being more transparent.
Indeed molecule 3 shows slightly higher TPA cross-sec-
tion than model quadrupolar derivative 1 while having
a significantly blue-shifted absorption band. With such
an interesting compromise between linear transparency
in the visible range, fluorescence quantum yields and TPA
cross-sections, dendrimer 3 hold promise for optical
power limiting applications. The PL properties also
suggest the dendritic molecules to be of interest for a
variety of applications including nonlinear optical imag-
ing of biological structures,10 as well as in material science.
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H.; Marder, S. R.; Perry, J. W. Opt. Lett. 1997, 22,
1843–1845.

7. (a) He, G. S.; Yuan, L.; Cheng, N.; Bhalwalkar, J. D.;
Prasad, P. N.; Brott, L. L.; Clarson, S. J.; Reinhardt, B.
A. J. Opt. Soc. Am. B 1997, 14, 1079; (b) Belfield, K. D.;
Hagan, D. J.; Van Stryland, E. W.; Schafer, K. J.; Negres,
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