
Subscriber access provided by American Chemical Society

Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036

Communication

All-Optical Orientation of Photoisomerizable
Octupolar Zinc(II) Complexes in Polymer Films

Lydie Viau, Sbastien Bidault, Olivier Maury, Sophie Brasselet, Isabelle
Ledoux, Joseph Zyss, Elna Ishow, Keitaro Nakatani, and Hubert Le Bozec

J. Am. Chem. Soc., 2004, 126 (27), 8386-8387• DOI: 10.1021/ja048143z • Publication Date (Web): 19 June 2004

Downloaded from http://pubs.acs.org on March 31, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

• Supporting Information
• Links to the 1 articles that cite this article, as of the time of this article download
• Access to high resolution figures
• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://pubs.acs.org/doi/full/10.1021/ja048143z


All-Optical Orientation of Photoisomerizable Octupolar Zinc(II) Complexes in
Polymer Films
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Campus de Beaulieu, 35042 Rennes, France, Laboratoire de Photonique Quantique et Mole´culaire, UMR 8537, and

Laboratoire de Photophysique et Photochimie Supramole´culaire et Macromole´culaire,
UMR 8531, ENS Cachan, 61 aVenue du Pre´sident Wilson, 94235 Cachan, France

Received March 31, 2004; E-mail: lebozec@univ-rennes1.fr

The incorporation and noncentrosymmetric arrangement of NLO-
phores into a macroscopic environment constitutes a key step toward
the engineering of nonlinear materials and devices. In this regard,
several strategies usingdipolar chromophoreshave been intensively
investigated, such as statistical orientation by electrical poling of
NLO-polymers, stepwise construction of multilayers, supramolecu-
lar solid-state assemblies, or preorganization of NLO active species
within multichromophoric systems.1 By contrast, construction of
macroscopic assemblies featuring octupolar chromophores remains
in its infancy. A few examples of acentric organization of octupolar
molecules by means of crystal engineering have been reported.2,3

Because the traditional electric-field poling is not applicable due
to the absence of permanent dipole moment, the so-called “all op-
tical poling” technique has to be used to induce noncentrosymmetric
ordering of multipolar molecules in polymer films.4 This alternative
procedure is based on a photoinduced angular hole-burning and
combines two molecular excitation pathways, respectively excited
at ω and 2ω (writing fields), followed by relaxation pathways in-
volving mechanical reorientations such as photoisomerization. This
technique is the only one capable of achieving the orientation of
octupolar chromophores4a using appropriate writing polarizations.4b

To obtain an optimum octupolar macroscopic order, the NLO-
polymers must contain octupolar chromophores combining large
molecular hyperpolarizability and photoisomerizable groups. More-
over, since the photoinduced orientation is in competition with
Brownian motion in the polymer, grafting the molecule to the
polymer chain is necessary to obtain a stable noncentrosymmetric
order.4c

Previously, we described the use of 4,4′-bis(dialkylaminostyryl)-
2,2′-bipyridines for the molecular engineering of octupolarD3 metal-
(II) complexes5 and for the access to new star-shaped metallopoly-
meric NLO-phores.6 With the aim of carrying out the optical
orientation experiment, we have designed a new type of 4,4′-bis-
(styryl)-2,2′-bipyridine functionalized by a dialkylamino-azobenzene
group. This ligand allowed us to prepare photoisomerizable
octupolar tris(bipyridyl)zinc(II) complexes and the corresponding
star-shaped polymer by atom transfer radical polymerization
(ATRP) of methyl methacrylate (MMA). Herein we report the
photoisomerization properties of such new metallochromophores
and present for the first time the macroscopic molecular orientation
of the corresponding doped and star-shaped NLO-polymer films.

The target bipyridines1a and1b (Figure S1-Supporting Informa-
tion) were readily prepared by means of a double Wadsworth-
Emmons condensation between the “bisphosphonate-bipyridine”

and the corresponding conjugated aldehydes. The corresponding
tris(bipyridyl)zinc(II) complexes2a,b (Scheme 1) were classically
prepared upon treatment of Zn(OAc)2‚2H2O with three equivalents
of ligands1a,b in refluxing ethanol, followed by metathesis with
the TRISPHAT anion.7 The metallo-initiator2cwas further obtained
by esterification of2b by means of 2-bromoisobutyroylbromide
(Scheme 1 (i)). As previously described on model complexes,6

ATRP of MMA was carried out in MeOH at 60°C using a 600/
6/12/1 ratio of MMA/CuBr/propyl-2-pyridylmethanimine/metallo-
initiator (Scheme 1 (ii)). The resulting polymer2d (Mn ) 63000,
Mw ) 68000, PDI) 1.07,Tg ) 125 °C) contains ca. 8 wt % of
metallochromophore. Two types of thin films were prepared by
spin-coating on glass substrate from a trichloroethane solution
containing either a commercial polycarbonate (Tg ) 150°C) doped
by 2a (F1), or the grafted polymer2d (F2). Scanning electron
microscopy showed that both bulk materials present a very
homogeneous aspect, a good optical quality, and a thickness of
about 1µm.

Bipyridines1a,b as well as the corresponding complexes2a,b
exhibit a broad, intense intraligand charge transfer (ILCT) transition
in the visible range at 480 and 496 nm respectively. The complex-
ation is accompanied by a slight bathochromic shift of the ILCT
band (∆λ ) 16 nm) but with a 3-fold enhancement of the oscillator
strength.5 As usually observed,6 polymer 2d displays in solution
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Scheme 1. Chemical Structures of Zinc Complexes 2a-da

a Conditions: (i) BrC(Me)2C(O)Br, pyridine, THF, rt, 77%; (ii) MMA/
CuBr/ iPrNdC-Py, (600/6/12), MeOH, 60°C, 85%.
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or in thin film (F2) absorption spectra very similar to those of2a,
indicating that the structure is conserved upon polymerization (Table
1). Harmonic light-scattering measurements, performed in CH2Cl2
solution using 1.91µm as fundamental wavelength, revealed that
2a exhibits an exceptional NLO activity with aâ value of 863×
10-30 esu (â0 ) 590 × 10-30 esu).

The photoisomerization properties of ligand1a and complex2a
were studied in chloroform solution. For the complexes, the
corresponding polymer filmsF1 and F2 were also studied. All
samples show the usual behavior of azobenzene derivatives:8 an
important decrease of the main absorptionπ-π* band in the 480-
500-nm region and an increase of absorption around 370 nm (Figure
1). The minimum conversion extentΦp was determined by
measuring the decrease of the absorption atλmax, assuming that
the cis isomer does not absorb at this wavelength. Thermal cis-
trans reaction rate constants were determined by fitting the
absorbance change in the dark of previously irradiated samples at
480 nm. As expected,1aand2aexhibit an exponential law (Figure
S2-Supporting Information). The rate constant for1a is in the usual
range for such substituted azobenzenes.8b Surprisingly, the thermal
cis-trans reaction rate of2a is more than 2 orders of magnitude
higher than for the corresponding ligand. In polymer films, the
thermal cis-trans reaction was fitted by a biexponential law, which
is characteristic of the existence of different free volumes around
the chromophores.9

The optical noncentrosymmetric orientation of the octupolar
molecules was performed on polymeric thin filmsF1 andF2, and
the dynamic behavior of the doped filmF1 is compared to that of
the star-shaped polymerF2. The poling fundamental and harmonic
frequencies are 1.064µm and 532 nm, respectively. Both samples
have an equal optical density of 0.165 at 532 nm which ensures
equivalent one- and two-photon absorptions. A copropagating
experimental configuration was implemented for the one- and two-
photon excitation processes with parallel linear polarizations.4d The
orientation dynamics were followed by measuring, every 60 s, the
second harmonic generated (SHG) by the poled sample using the
1.064-µm field and are given in Figure 2 forF1 and F2. The

orientation process is stopped after 1 h, and the relaxation of the
SHG signal is followed during 30 min. The dynamics, which are
plotted using a biexponential function, show a slower but more
efficient orientation of the star-shaped polymeric film. After
reaching a stationary state,F2 exhibits a 40% higher SHG intensity
than F1 (extrapolated from the exponential plots), whereas the
relaxation induces a loss of 25% of the induced SHG intensity for
F1 and only 10% forF2. This demonstrates that grafting the
octupolar chromophores has allowed the molecular reorientation
processes to dominate more efficiently the molecular Brownian
motion, therefore inducing a higher and more stable photoinduced
noncentrosymmetry.

In summary, this work provides the first example of all-optical
poling orientation of a photoisomerizable star-shaped NLO-polymer.
This result shows the possibility to generate a new class of nonlinear
quadratic materials, capable of answering the request of stability
and efficiency in conjunction with the symmetry control.

Supporting Information Available: Synthetic procedures, com-
plete characterizations, Figures S1 and S2, and experimental setups.
This material is available free of charge via the Internet at http://
pub.acs.org.
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Table 1. Optical Properties of Molecules and Materials

λmax
(nm)

ε
(L‚mol-1‚cm-1)

ΦP
(%)

K
(s-1)

1a 480a 76500 53b 5.6× 10-3

2a 496a 246000 28b 1.25
F1 (doped) 498 - - 2.8× 10-2/4 × 10-5

F2 (star-shaped) 488c - - 0.78/3.7× 10-3

a In CH2Cl2 solution.b In CHCl3 solution.c λmax of 2d in CH2Cl2: 483
nm

Figure 1. Kinetic study of the trans-cis-trans isomerization and corre-
sponding simulation for the thermal relaxation (bold line) at 480-nm
wavelength for the filmF2.

Figure 2. Optical orientation and relaxation ofF1 andF2 under resonant
one- and two-photon excitations (open circles and diamonds) compared to
a biexponential plot (lines).
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