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In the last two decades, lanthanide complexes have beenChart 1. Dipolar and Octupolar Complexes

extenswely useq as contra;t agents for. medical imaging as well as —‘3 3Na*, xH,0
for their catalytic, magnetic, and luminescence propettiBy. Y(j\f
contrast, the study of the nonlinear optical (NLO) properties of
lanthanides remains in its infancy and becomes currently an 0. o \’ o 0

. . A . . i, /
emerging field of research. The third-order NLO properties, i.e. BuN // \
the cubic hyperpolarizability, of phthalocyanine lanthanides com- I N D

o 0
Ln = La, Gd, Dy, Yb Ln =La, Nd, Eu, Dy, Er, Luand Y

plexes were first described in pioneering studies by Shirk in 3992
and were recently investigated in polymetallic speéedn addi-
tion, only few recent articles reported the sensitization of the Eu-
(11 or Th(lI) luminescence by two-photon excitatidfihe second- Table 1. Linear and Nonlinear Optical Data
order NLO properties of lanthanide derivatives have received even

; Nag[Ln(dipic)s] XHz0  Amax L-mol~L-cm™t o2 A

less attention; to the best of our knowledge, only the Kurtz powder llipicle} m emme em L = b
NLO activities of coordination polymers were recently described, Y (x=6) g;f 5’358 0.2 0.044
and lanthanate gomp_lexes have_ also beeq used as (NLO-inactive) |, x=3) 278 16320 0.343 0.078
bulky counteranions in LangmuiBlodgett films® 271 18300

In this context, we recently reported the first dipolar lanthanide Nd (x = 4) 278 14730 0.67 0.13
terpyridyl complex family exhibiting high hyperpolarizabilit 271 16560

pycy P y e g Tign Hyperpo et v Eu(x=4) 278 14950 0.92 0.22
coefficients (Chart 1) and evidenced a so-called “metal-induced 570 16470
secpnd-order NLO .act.ivity. enhar.mefmeint. along the lanthanide  py (x=s5) 278 15720 1.04 0.2
seriest To get more insight into this intriguing phenomenon, we 270 17380
decided to look at another family of complexes featuring a Er (x=5) 278 15380 1.16 0.27
completely different structure: the tris(dipicolinato)lanthanate-Na Lu (x=5) gg ﬁggg 1.22 03
[Ln(dipic)s]-xH0 (Chart 1) Ln = La, Nd, Eu, Dy, Er, Lu, and Y; 271 17590 ' '

dipicolinate= pyridyl-2,6-dicarboxylate). Here we demonstrate for
the first time the direct contribution of f electrons to the second-
order NLO activity.

Nag[Ln(dipic)s]-xH,O complexes are well-known to form an
isostructural family in the solid states well as in water solutioh.
In its ground state, the complexes exibit a non-centrosymmetric
propeller-like structure featuring an octupol&-symmetry? Seven
complexes were prepared by mixing dipicolinic acid, sodium
hydroxide, and_nCl3-xH,0 in water. The complexes were purified
by double crystallization in cold water. After filtration, the crystals
were crushed and thoroughly dried in a vacuum &t@0The NMR
data are in agreement with those previously repdtiaatl for each 6 b e d
complex the number of water molecules was estimated by meansrigure 1. ORTEP drawings of NgLu(dipic)s]-12H,0 and Na[Y (dipic)3]-
of microanalysis and X-ray microfluorescence (Table 1 and 12HO. Sodium atoms and coordinated water molecules are ommited for
Supporting Information Tables S1, S2). The structures of lutetium clarity.
and yttrium complexes were confirmed by an X-ray diffraction
analysis (Figure 1); they are similar to those of other tris-
(dipicolinato) lanthanate complexes reported in the litterdtwith
small deviations from the octupol&; symmetry. In addition, an

overview of 17 [n(dipic)s]®~ structures I(n = La, Ce, Nd, Eu,
Dy, Ho, Yb, Lu, and Y) from the Cambridge Crystallographic Data
Centre (Table S3 and Figure S1) clearly illustrate thatlthe N
andLn—O distances regularly decrease from lanthanum to lutetium
in agreement with the lanthanide contraction.

T Organomalliques et Catalyse, UMR 6509 CNRS - Univerdite Rennes 1.

;Groupe de la Matie Condense, UMR 6626 Institut de Chimie de Rennes. As expected for an isostructural series, all the complexes exhibit
Laboratoire de Chimie, UMR 5182 CNRS-ENS Lyon. i : .

Y Laboratoire de Photonique Quantique et Molire, UMR 8537 CNRS-ENS the same UV visible spectrurh (F'Qure, 2‘. Table 1): . they Sh.OYV
Cachan. two bands at ca. 270 and 278 nm with similar absorption coefficients
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Figure 2. UV —visible spectra of [Na[Ln(dipic)s] in water. f
=)

(15-18 x 1C® L-mol~*-cm™%) which can be assigned to—m* z
transitions of the coordinated pyridyl ring. Their molecular first 5
hyperpolarizabilities (Table 1) were measured in water solution by §
using the harmonic light scattering (HLS) technique with a 1.06 §
um laser fundamental. All the measurements were performed at z
the same concentration £ 101 mol-L~2) to avoid concentration 0 ‘ ‘
effects. The intensity of hyper-Rayleigh scattered light from a 0 5 10 15
solution withN molecules per cfof solute and\Ns molecules per f orbital filling
cm?® of solvent is given by: Figure 3. Plot of the hyperpolarizability coefficiert vs ionic radius (top)

or f orbital filling (bottom).

20 __ w\2

! GNP NIED(T) In conclusion, this study describes for the first time the NLO
where [B0(respectively(Bsl) is the orientational average of the Properties of multipolar lanthanide complexes sa(dipic)g]. It
second-order hyperpolarizability of the complex (respectively confirms the “metal-induced” NLO activity enhancement as a
solvent), 1 is the intensity of incident radiation, anG is a general property of f-block elements and strongly suggests the direct
coefficient including geometrical factors, local field factors, and contribution of f electrons to the hyperpolarizabilifL]
other experimental cor.rection terms..To obtain fﬁ@values., it . Acknowledgment. We are very grateful to Prof. J.-F. Carpentier,
was necessary to work in two steps. First, the second_-order intensityp Reau, and D. Yaron for fruitful discussions.
of the solvent only was measured. The same experiment was then
carried out with the solution of the complex. In these two cases,  Supporting Information Available: Experimental data, structure
120 versusl® was plotted. Knowing thelBsOvalue, [B0 was analysis, and crystallographic data in CIF files. This material is available
determined by calculating the ratio of the two slopes. free of charge via the Internet at http://pub.acs.org.
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