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Summary: A soluble, oxidatively and thermally very
stable alkynylruthenium dendrimer 1,3,5-C6H3(4-CtC-
C6H4CtC-trans-[Ru(dppe)2]CtC-3,5-C6H3-{4-CtCC6-
H4CtC-trans-[Ru(CtCPh)(dppe)2]}2)3, containing a large
two-dimensional π-delocalized system, has been prepared
using an experimentally straightforward convergent
synthetic approach. The first third-order nonlinear opti-
cal (NLO) measurements of an organometallic den-
drimer have been obtained using the Z-scan technique
at a wavelength of 800 nm. Progression from 1,3,5-C6H3-
(4-CtCC6H4CtC-trans-[Ru(dppe)2]CtCPh)3 to the den-
drimer results in (i) no loss of optical transparency, (ii)
an increase in the second hyperpolarizability, γ, which
is proportionately greater than either the increase in the
number of phenylethynyl groups or the extinction coef-
ficient for the important MLCT band, and (iii) a
dramatic enhancement of two-photon absorption.

Two-photon absorbing materials have been investi-
gated for a range of applications, including multiphoton
microscopy, optical limiting, and optical data storage.2
Recent studies have aimed at uncovering structure/
property relationships for the two-photon absorbing

characteristics of organic compounds.3,4 In these studies,
molecules with electron-rich π-delocalized systems of
varying geometries have been shown to have large two-
photon absorption (TPA) cross sections. Dendrimers
have excited considerable interest recently as novel
materials with uses in medical diagnostics and possible
applications in areas such as molecular recognition,
catalysis, and photoactive device engineering.5-7 The
physical properties of an array of meta-connected phe-
nylene-acetylene dendrimers have been studied by
Moore and co-workers.8-14 Although previous studies on
multiply alkynylated transition metal complexes with
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extensive systems of π-delocalization have been re-
ported,15-2015 th

ere have been no reports thus far on the third-order
nonlinear optical (NLO) properties of dendrimers and,
in particular, their TPA properties. We present herein
the synthesis, cubic NLO, and TPA data for an alky-
nylruthenium dendrimer containing a large π-delocal-
ized system.

The synthetic procedures employed to prepare the
dendrimer are shown in Schemes 1 and 2. A convergent
method was used whereby branched dendritic wedges
are coupled to a core. The branching is introduced early
in the wedge synthesis (Scheme 1) by preparing 1-iodo-
3,5-dibromobenzene from 1,3,5-tribromobenzene and
then utilizing the palladium(II)-catalyzed coupling
method of Sonogashira et al.,21 where the coupling of a
terminal acetylene is much faster to an aryl iodide than
to an aryl bromide. The organic component of the wedge
may then be built up. The organometallic complex 7 is
prepared via a [PF6]--stabilized vinylidene intermedi-
ate, using adaptations of the method of Dixneuf and co-
workers.22 The complex 8 containing bis-acetylide metal
centers is prepared similarly, followed by removal of the
trimethylsilyl protecting group to give the wedge, 9. The
synthesis of the complex used for the core, 10, has been

reported previously.1 Preparation of the dendrimer (see
Scheme 2) again utilizes an adaptation of the Dixneuf
coupling method to couple 10 to three of the dendrimer
wedges 9, affording the dendrimer complex 11. These
complexes are two-dimensionally π-delocalized, an im-
portant design element influencing third-order NLO
properties which has attracted several studies re-
cently.23,24

Spectral data for the dendrimer 11 are similar to
those of previously reported bis{bis(diphenylphosphino)-
ethane}ruthenium bis-acetylide complexes (see the Sup-
porting Information).1,25 The UV-vis spectrum of 11
and that of the previously reported1 complex 12 (see
Scheme 2) are shown in Figure 1. Complex 11 has an
absorption band at 403 nm which may be assigned to
an MLCT transition.25 The UV-vis spectrum of complex
12 has the analogous MLCT band at 411 nm. Signifi-
cantly, increasing size does not reduce optical transpar-
ency. The small blue shift observed in progressing from
12 to 11 may indicate a lack of coplanarity through the
dendritic structure of complex 11. Interestingly, the
magnitude of the extinction coefficient, ε, increases
4-fold in progressing from the three-metal center con-
taining complex 12 to the nine-metal center containing
complex 11.

Third-order NLO measurements were performed us-
ing the Z-scan technique.26 The results are listed in
Table 1 together with UV-vis data. These are the first
third-order NLO data for organometallic dendritic com-
plexes. Not unexpectedly, introduction of the ligated
metal in proceeding from 6 to 7 and 8 results in a
significant increase in γ. The significant γimag values for
the organometallic complexes 7-12 are indicative of
TPA, which becomes important as the optical frequency
at λmax approaches twice the measurement frequency.
The negative γreal values for 7-12 are therefore likely
to result from two-photon dispersion effects, rather than
being indicative of zero-frequency negative cubic hyper-
polarizabilities. Third-order hyperpolarizabilities for the
dendrimer 11 are much bigger than those of its com-
ponents 9 and 10 or the related complex 12. In particu-
lar, progressing from 12 to 11 results in an increase in
γ proportionately greater than either the increase in the
number of phenylethynyl groups or the extinction
coefficient.
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Scheme 1. Method for the Preparation of
Dendritic Wedge Compoundsa

aStructural elements: -b-, 1,4-connected phenylene unit.
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The TPA cross sections, σ2, calculated from the
measured two-photon absorption coefficients, â, are
listed in Table 1. The measurements were performed
using low repetition rate 100 fs pulses, and excited-state
absorption should therefore be negligible. The dendritic
complex 11 shows a σ2 value comparable in magnitude
to the σ2 values of the bis(styryl)benzene derivatives
reported by Albota et al.4 and the heterocyclic com-
pounds reported by Reinhardt et al.3 In the present case,
it is likely that the size and two-dimensional nature of

the π-delocalized system combined with the strong
MLCT transition all contribute to the large observed σ2
value. These results suggest that this class of compound
deserves further scrutiny in future NLO studies.

In summary, we have prepared a soluble, oxidatively
and thermally very stable alkynylruthenium dendrimer
containing a large two-dimensional π-delocalized system
using an experimentally straightforward convergent
synthetic approach. The first third-order NLO measure-
ments for organometallic dendrimers show a significant
enhancement of two-photon absorption upon proceeding
from the constituent molecules to the dendritic complex.
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Table 1. Experimental Linear Optical Spectroscopic and Cubic Nonlinear Optical Response Parameters
for 4-12a

compound
λmax (nm)

[ε (104 M-1 cm-1)]
γreal

b

(10-36 esu)
γimag

b

(10-36 esu)
|γ|

(10-36 esu)
σ2

c

(10-50 cm4 s)

12d 411 [11.6] -600 ( 200 2900 ( 500 3000 ( 600 700 ( 120
11 402 [42] -5050 ( 500 20100 ( 2000 20700 ( 2000 4800 ( 500
10d 414 [10] -330 ( 100 2200 ( 500 2200 ( 600 530 ( 120
9 408 [7.3] -830 ( 100 2200 ( 300 2400 ( 300 530 ( 70
8 407 [6.4] -700 ( 100 2270 ( 300 2400 ( 300 550 ( 70
7 411 [6.8] -510 ( 500 4700 ( 1500 4700 ( 2000 1100 ( 360
6 321 [6.3] 67 ( 30 7 ( 5 67 ( 40 2 ( 1
5 314 [6.7] 77 ( 30 4 ( 3 77 ( 40 1 ( 1
4 310 [6.8] 53 ( 20 5 ( 3 53 ( 20 1 ( 1

a All measurements in tetrahydrofuran solvent. All complexes are optically transparent at 800 nm. b All results are referenced to the
nonlinear refractive index of silica n2 ) 3 × 10-16 cm2 W-1. c Calculated using the equation σ2 ) pωâ/N, where â is the two-photon absorption
coefficient.27 d Reference 1.

Scheme 2

Figure 1. UV-vis spectra for 11 and 12.
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