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Several lanthanide complexes with free radical ligands have Chart 1. NITBzImH Ligand
been prepared and characterized recénflyThese compounds
show a wide variation of magnetic properties, illustrated by
gadolinium(lll) complexes, for which both ferromagnétiand o— N+—E)
antiferromagnetit® interactions between the unpaired electrons
on the ligand and on the lanthanide center are observed. The nature
of this ground-state magnetic coupling has been investigated in HN™ N
detail by comparing complexes with free radical and related
diamagnetic ligands$.

The excited electronic states and the luminescence properties
of these new lanthanide complexes have not been explored. . . . .
Electronic emission and absorption spectroscopy is used to gainfor I_anthanlde_: comple_xes W'_th a closely related nitronyl nitroxide
insight on the ground and lowest-energy excited states of a series adlpal substituted V,V'th a trlazolg gro&p. .
of new complexes of the nitronyl nitroxide radical shown in Chart _Figure 2 summarizes the luminescence properties of the free
1 (denoted as NITBzImH here) with trivalent lanthanum, eu- NITBzImH ligand and the three lanthanide complexes. All
ropium, and gadolinium ions. We describe the preparation, crystal lUMinescence measurements were made with crystalline samples
structure, and solid-state luminescence spectroscopy of theOn instruments described in detail beféfeThe onset of the
lanthanide-radical complexes, and we compare the results to thedoWest-energy absorption band for all four solids is included in
spectra of the free ligand. The magnetic properties of all materials Figure 2 for comparison. o _
have been measured and will be reported and analyzed in a The luminescence spectra of the solid ligand are given at 5
comprehensive study. and 50 K at the bottom of Figure 2. The ligand shows a well-

Complexes of formula [Ln(I)(NITBzImMHYNO3)3] (Ln = La defined luminescence onset at 14 700°&nThe spectrum is less
Gd, Eu) were synthesized as air-stable single crystals by élowly resolved than the absorption spectrum and less resolved than the
eve;porating a solution mixture of NITBzImH, prepared as luminescence spectra of the lanthanide complexes. The lumines-
described in ref 5, with stoichiometric amounts of’[Ln(III)(M@ cence onset coincides with the lowest-energy absorption, indicat-
(H,0)] in ethanol® These compounds are isostructural and ing that the obse_rved luminescence dogs not arise f_rom deep traps.
crystallize in the noncentrosymmetric groBpa2;.” A view of The 5K absorptlgn spectrum ShO\.NS V|bro.n|c maxima separated
the molecular structure is shown for the gadolinium complex in by 23Qi 20 cnm™. The first peak s most intense, its structure
Figure 1. The lanthanide ion is coordinated by two nitronyl most likely corresponds to a short vibronic progression in a low-

nitroxide ligands through one oxygen atom of the NO groups frequency mode.
and one nitrogen atom of the benzimidazole moiety. The two (7) Crystal data: BRUKER SMART CCD diftactomet o ed with

; _ ; ; . rystal data: iffractometer equipped with a
radicals are not Symmetw related. Three mtrate: anl_owé imode normal focus molybdenum-target X-ray tube. The data were processed
complete the coordination sphere to a coordination number of through the SAINT reduction and SADABS absorption software pack-

10. Similar molecular structures have been previously reported ages, and the structures were solved with the SHELXTL softWete.
CogH3aN11013La, MW = 871.57, dark-blue parallelipipedal, orthorhombic,
space groupPna2; (No. 33),a = 19.500(1) Ab = 13.0582(8) Ac =

T Département de Recherche Fondamentale sur la’ka@®ndense 14.5741(9) Az = 4,V = 3711.1(4) R, 22 715 reflections measured,
*E-mail: luneau@drfmc.ceng.cea.fr. 8875 independent reflectionR = 0.0609),R(F) = 0.0331 { > 20-
§ Universitede Montrel. 1)), wR(F?) = 0.1146 (all data)2. CpgH34N110:13Gd, MW = 889.91,
TE-mail: reber@chimie.umontreal.ca. dark-blue parallelipipedal, orthorhombic, space gr 1 (No. 33),
(1) Sutter, J.-P.; Kahn, M. L.; Golhen, S.; Ouahab, L.; KahnOBem— a=19.183(1) A,b = 13.1600(7) A,c = 14.4107(7) AZ= 4,V =
Eur. J.1998 4, 571. 3638.0(3) R, 22 941 reflections measured, 7728 independent reflections
(2) Lescop, C.; Luneau, D.; Belorizky, E.; Fries, P.; Guillot, M.; Rey, P. (Rnt = 0.0370),R(F) = 0.0206 ( > 20(l)), wWR(F?) = 0.0625 (all data).
Inorg. Chem.1999 38, 5472. 3. CagHaaN11013EU, MW = 884.62, dark-blue parallelipipedal, orthor-
(3) Caneschi, A.; Dei, A.; Gatteschi, D.; Sorace, L.; VostrikovaAKgew. hombic, space groupna2; (No. 33),a= 19.210&1) Ab= 13.1447(7)
Chem.200Q 112, 252. A, ¢ =14.4200(7) A,z = 4, V = 3641.4(3) AR, 13092 reflections
(4) Kahn, M. L.; Sutter, J.-P.; Golhen, S.; Guionneau, P.; Ouahab, L.; Kahn, measured, 4769 independent reflectioRg & 0.0519),R(F) = 0.0347
O.; Chasseau, DOl. Am. Chem. So00Q 122 3413. (I > 20(1)), wR(F?) = 0.1048 (all data).
(5) Fegy, K.; Luneau, D.; Ohm, T.; Paulsen, C.; ReyARgew. Chem., Int. (8) Luminescence was excited with a 150 W Xe lamp filtered through a
Ed. Engl.1998 37, 1270. copper sulfate solution and a Schott BG 18 filter, leading to an excitation
(6) All three complexes were unambiguously authenticated on the basis of wavelength range from 300 to 400 nm. All samples were cooled in a
elemental analysis, crystal structure, and powder X-ray diffraction. Anal. helium-gas-flow cryostat. The emitted light was dispersed by a 0.75 m
Found/Calcd forl (CygH34N11045La): C, 38.36/38.60; H, 4.16/3.93 N, monochromator and detected by a cooled Hamamatsu R928 photomul-
17.29/17.68; La, 16.04/15.94. Anal. Found/Calcd 2diC2gH34N 11015 tiplier and a photon-counting system. All spectra reported here are not
Gd): C, 37.32/37.79; H, 3.93/3.85; N, 16.98/17.31; Gd, 17.17/17.67. Anal. corrected for system response. Absorption spectra were measured with
Found/Calcd fo3 (CogH34N1:013EU): C, 37.76/38.00; H, 4.16/3.90; N, a Cary 5E spectrometer.
16.93/17.40; Eu, 16.72/17.20. (9) Davis, M. J.; Reber, Anorg. Chem.1995 34, 4585.
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Figure 1. Representation of Gd(NITBzImR{NOs); with thermal Figure 2. Top to bottom: luminescence (solid lines) and absorption
ellipsoids at the 30% probability level. spectra (dotted lines) of GA(NITBzIMKNOs)z, EU(NITBzIMH)(NOs)3,

. La(NITBzImH),(NOs);, and NITBzImH (ligand). All spectra were
The La complex shows a structured low-temperature lumines- measured 5 K unless indicated otherwise in the figure.

cence spectrum with an onset at 14 300 gntower in energy

by 400 cnt? than for the free ligand. The absorption band shows qualitative overall assignment still applies. The resolved spectra
a corresponding shift to lower energy. Resolved structure with of the lanthanide complexes in Figure 2 reveal the influence of
an average interval of 208 20 cnt? is observed in luminescence  metal-ligand bonding.

at 5 K, compared to the shoulders separated by 7D cnt? The luminescence spectra of the europium and gadolinium
in absorption. This energy difference is smaller than for the free complexes are similar to those of the lanthanum compound. Their
ligand, and the intensity distribution is distinctly different: the onsets show an additional weak shoulder at 14 400'ciand

main intensity of the ligand spectrum is at the first peak of the the positions of their vibronic maxima vary slightly. A well-
progression, in contrast to all lanthanide complexes, where theresolved low-energy progression with an interval of 1900

main intensity occurs after the second member of the progressioncm is observed in the absorption spectra of both the europium
in absorption and at approximately the third member of the and gadolinium complexes. These progressions are again longer
progression in the resolved luminescence spectra. Figure 2 showshan for the uncoordinated ligand. The luminescence of the three
that the luminescence spectra of the lanthanide complexes havenetal complexes becomes weaker with temperature, as illustrated
a larger overall width than the band of the uncoordinated ligand, by the comparison of the 5 and 50 K spectra for the La complex
indicating that distortions along low-frequency normal coordinates in Figure 2, but it can still be measured at room temperature.
that are absent for the ligand occur for the lanthanide complexes. To our knowledge, Figure 2 depicts the first luminescence
A likely reason for all these observations is that the change of spectra of a nitronyl nitroxide ligand and its lanthanide complexes.
the r-electron density within the ligand caused by the electronic The spectra show more resolution than observed in the absorption
transition influences metaligand bonding and leads to progres- spectra of transition metal complexes with nitronyl nitroxide
sions in low-frequency metaligand modes, which are not ligands!?*® Detailed absorption, magnetic circular dichroism
observed in the spectrum of the free ligand. The electronic (MCD), and Raman spectra have been reported for octahedral
structure of a model nitronyl nitroxide related to the ligand in (S-diketonato)nickel(ll) complexes with one nitronyl nitroxide
Chart 1 has been explored by detailed density functional calcula- ligand!* A luminescence maximum at 12 000 chis mentioned
tions'® and qualitatively illustrates these changesreélectron for Cr(acac)(NIT2-pyridine);® significantly lower in energy than
density involving both the nitronyl nitroxide and imidazole groups the onset of the ligand absorption and the luminescence spectra
of the ligand. The lowest-energy electronic transition of the free shown in Figure 2.

ligand has been classified as-n 7*.1! The spectra of the The luminescence spectra of lanthanide complexes with nitronyl
lanthanide complexes in Figure 2 occur in a very similar energy nitroxide ligands correspond to ligand-centered transitions. Their
range as for the uncoordinated ligand, and we conclude that thisresolved vibronic structure is affected by the lanthanide coordina-
tion. We will further explore the potential of the title compounds
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