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The incorporation and noncentrosymmetric arrangement of NLO- Scheme 1. Chemical Structures of Zinc Complexes 2a—d@
phores into a macroscopic environment constitutes a key step toward AN K
the engineering of nonlinear materials and devices. In this regard,
several strategies usimtipolar chromophorefave 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 systenmisBy 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 repbtted.
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 filmMshis alternative
procedure is based on a photoinduced angular hole-burmidg a
combines two molecular excitation pathways, respectively excited
atw and 2v (writing fields), followed by relaxation pathways in-
volving mechanical reorientations such as photoisomerization. This ,, .,

] 2", 2TRISPHAT

technique is the only one capable of achieving the orientation of 2b,x=oH o xS X
octupolar chromophoré&susing appropriate writing polarizatiof. §:1i;‘;‘;ﬁgﬁngf‘gHzCMe(COZMe,]"Q ®

To obtain an optimum octupolar macroscopic order, the NLO- a Conditions: (i) BrC(Me)C(O)Br, pyridine, THF, rt, 77%; (i) MMA/
polymers must contain octupolar chromophores combining large CuBr/'PrN=C—Py, (600/6/12), MeOH, 60C, 85%.

molecular hyperpolarizability and photoisomerizable groups. More-

over, since the photoinduced orientation is in competition with and the corresponding conjugated aldehydes. The corresponding
Brownian motion in the polymer, grafting the molecule to the tris(bipyridyl)zinc(ll) complexea,b (Scheme 1) were classically
polymer chain is necessary to obtain a stable noncentrosymmetricprepared upon treatment of Zn(OA®@H,O with three equivalents

order#c of ligandsla,bin refluxing ethanol, followed by metathesis with
Previously, we described the use of'4ys(dialkylaminostyryl)- the TRISPHAT aniori.The metallo-initiato2c was further obtained
2,2-bipyridines for the molecular engineering of octupdgmetal- by esterification of2b by means of 2-bromoisobutyroylbromide

(1) complexe$ and for the access to new star-shaped metallopoly- (Scheme 1 (i)). As previously described on model compléxes,
meric NLO-phores$. With the aim of carrying out the optical ~ATRP of MMA was carried out in MeOH at 60C using a 600/
orientation experiment, we have designed a new type ofbis4 6/12/1 ratio of MMA/CuBr/propyl-2-pyridylmethanimine/metallo-
(styryl)-2,2-bipyridine functionalized by a dialkylamino-azobenzene initiator (Scheme 1 (ii)). The resulting polym2d (M, = 63000,
group. This ligand allowed us to prepare photoisomerizable M,, = 68000, PDI= 1.07, T, = 125 °C) contains ca. 8 wt % of
octupolar tris(bipyridyl)zinc(ll) complexes and the corresponding metallochromophore. Two types of thin films were prepared by
star-shaped polymer by atom transfer radical polymerization spin-coating on glass substrate from a trichloroethane solution
(ATRP) of methyl methacrylate (MMA). Herein we report the containing either a commercial polycarbonafg+ 150°C) doped
photoisomerization properties of such new metallochromophores by 2a (F;), or the grafted polyme@d (F,). Scanning electron
and present for the first time the macroscopic molecular orientation microscopy showed that both bulk materials present a very
of the corresponding doped and star-shaped NLO-polymer films. homogeneous aspect, a good optical quality, and a thickness of
The target bipyridine¢aand1b (Figure S1-Supporting Informa-  about 1um.
tion) were readily prepared by means of a double Wadsworth Bipyridines 1a,b as well as the corresponding complexash
Emmons condensation between the “bisphosphonate-bipyridine” exhibit a broad, intense intraligand charge transfer (ILCT) transition
in the visible range at 480 and 496 nm respectively. The complex-

T Organomtalliques et Catalyse, CNRS-Universite Rennes 1, Institut de

Chimie de Rennes. ation is accompanied by a slight bathochromic shift of the ILCT
* Laboratoire de Photonique Quantique et Moliire. — ; _ ;

§ Laboratoire de Photophysique et Photochimie Supracntdée et Macromo- band @4 = 16 nm) but with a 3-fold enhance.ment Of_the OSC,IIIator
leculaire. strength? As usually observef,polymer2d displays in solution
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Table 1. Optical Properties of Molecules and Materials
A

Dp K

max € —~~
(nm)  (Lemol~tecm™) (%) (s ]
la 4802 76500 53 5.6x 1073 ©

2a 496 246000 28 1.25 ; -
F1 (doped) 498 - — 2.8x 107%4 x 10°° =
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Figure 2. Optical orientation and relaxation & andF» under resonant
one- and two-photon excitations (open circles and diamonds) compared to
a biexponential plot (lines).
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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
-0,04 - reaching a stationary state; exhibits a 40% higher SHG intensity
Figure_l. K_inetic_study of the transcis—trans _isomerizati_on and corre- than F, (extrapolated from the exponential plots), whereas the
;g?g?é?%tﬁ';z?'fﬁg’glﬁrzthe thermal relaxation (bold line) at 480-nm 0|~ ation induces a loss of 25% of the induced SHG intensity for
F, and only 10% forF,. This demonstrates that grafting the
octupolar chromophores has allowed the molecular reorientation
or in thin film (F,) absorption spectra very similar to those2a processes to dominate more efficiently the molecular Brownian
indicating that the structure is conserved upon polymerization (Table Motion, therefore inducing a higher and more stable photoinduced
1). Harmonic light-scattering measurements, performed ipQZH noncentrosymmetry.
solution using 1.9km as fundamental wavelength, revealed that N summary, this work provides the first example of all-optical

Differential Absorption (a.u.)

-0,03 4

2a exhibits an exceptional NLO activity with A& value of 863x poling orientation of a photoisomerizable star-shaped NLO-polymer.
107 esu By = 590 x 10730 esu). This result shows the possibility to generate a new class of nonlinear
The photoisomerization properties of ligahdand complex2a quadraltig matgrials, gapaple of answering the request of stability
were studied in chloroform solution. For the complexes, the and efficiency in conjunction with the symmetry control.
corresponding polymer film&, and F, were also studied. All Supporting Information Available: Synthetic procedures, com-
samples show the usual behavior of azobenzene derivdtams:  plete characterizations, Figures S1 and S2, and experimental setups.
important decrease of the main absorptierr* band in the 486- This material is available free of charge via the Internet at http:/

500-nm region and an increase of absorption around 370 nm (Figurepub.acs.org.
1). The minimum conversion exterd, was determined by
measuring the decrease of the absorptioiaf, assuming that References
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