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Abstract: We report here the X-ray magnetic circular dichroism (XMCD) study at the Gd Mss- and L 3-
edges of two linear magnetic chains involving Gd(lll) cations bridged by nitronyl nitroxide radicals. This
spectroscopy directly probes the magnetic moments of the 4f and 5d orbitals of the gadolinium ions. We
compare macroscopic magnetic measurements and local XMCD signals. The M,s-edges results are in
agreement with the Jvalues extracted from the fits of the SQUID magnetic measurements. The L, s-edges
signals show that the electronic density in the Gd 5d orbitals depends on the neighbors of the gadolinium
cations. Nevertheless, the 5d orbitals do not seem to play any role in the superexchange pathway between
radicals through the metal ion proposed to explain the particular magnetic exchange interactions between
the radicals in these chains.

Introduction Gd(hfac)NITR (hfac = hexafluoroacetylacetonate; NITR
2-(R)-4,4,5,5-tetramethyl-4,5-dihydrd-timidazolyl-1-oxy 3-ox-
ide) with R= isopropyl for18-19 and R= methoxyphenyl for
2. They are one-dimensional alternating spin materials because
NITR consists of organic bidentate radicals with spir %/,
which alternate along the chain with rare-earth Gd(lll) magnetic
ions with spinS = 7/, (the spin values are given i units).
Despite rather small structural differences between the two
radicals, they exhibit different magnetic properties.linthe
SQUID measuremerftshow a predominant nnn antiferromag-
netic coupling between the two radicals/k = —4.5 K), despite

One-dimensional systems can in principle give rise to
competing interactions when the spins are coupled antiferro-
magnetically to their next-nearest neighbors (nnn) independent
of the sign of the interaction with the nearest neighbors (nn).
To interpret the magnetic properties, it is necessary to take into.
account the nn and nnn interactions, which can be sometimes
predominant. In the course of our investigation of magnetic
materials containing exchange-coupled rare-earth ions and
organic radicald; ” we synthesized the linear chain compounds

T Laboratoire de Chimie Inorganique et Megaix Moleculaires, Uni- the long distance between them, a weak nn ferromagnetic

versitePierre et Marie Curie. coupling between the Gd(lll) cation and the radichl = 1.85
UniversiteParis-Sud. K), and a weak nnn antiferromagnetic coupling between the

§ Universitadegli Studi di Firenze. R _

Il Laboratoire de Minealogie Cristallographie de Paris, Univefsitirre gadolinium ions Jg/k = _9-33 K) T_he three exchange pathways
et Marie Curie. ‘ _ o for 1 and2 are schematized in Figure 1.
265()P‘{es:t’:;gdgf::éeDepa”me”t of Materials Science, University of Patras,  The nnn interactions between radicals are predominant, and

) Caneschi. A.; Gatteschi, D.: Laugier, J.; ReyJPAm. Chem. S0d.987, this situation leads to a magnetic spin frustration because all of
109, 2191.
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1756. 198; Kluwer: Dordrecht, 1991.
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I, dominant interaction between radicals inand to try to
R=—="=R. R R understand the origin of the differences of the macroscopic
Jl/ \\G/ \ '\ / \ magnetic properties betwednand 2. To do that, we report
_____________ S T here an X-ray magnetic circular dichroism (XMCD) study of
&d J d Gd d &d Gd the chainsl and 2 at the Gd M sedges (384f" — 3d°4f8
transitions, probe of the 4f Gd half-filled orbital®)and Ly
1 ) _ 2 _ ~ edges (2’50 — 2pP4f75d! transitions, probe of the 5d Gd
Figure 1. Scheme of the magnetic exchange interaction pathways in -, ji415)16-19 These compounds were chosen inside the family
and?2. The thick lines represent the predominant exchange interaction.
of Gd(hfac)NITR products becaus& and 2 show the more
the different exchange interactions cannot be fulfilled simulta- pronounced antiferromagnetic and ferromagnetic behaviors,
neously. FoR, we have found a predominant nn ferromagnetic respectively.
coupling between the Gd(lll) cations and the radicdigk(=
6.8 K), a weak nnn antiferromagnetic coupling between the two EXperimental Section
radicals §/k = —1.6 K), and a weak nnn antiferromagnetic Chemical Synthesis.Gd(hfac)-2H,0O was prepared as previously
coupling between the nearest gadolinium centers idglk € described® NITiPr and NITPhOMe radicals were prepared according
—0.8 K). For 2, the nn interactions between radicals and to literature method&: The two compounds studied in this work can
gadolinium cations are predominant, and this situation leads to be formulated as Gd(hfafyITR (hfac = hexafluoroacetylacetonate;
a ferromagnetic state in which all of the spins tend to align NIT = 2-(R)-4,4,5,5-tetramethyl-4,5-dihydrd-timidazolyl-1-oxy 3-ox-
parallel to the applied magnetic field. ide) with R= isopropyl forl and_ R= methoxyphenyl fo2. Crystals
For both compounds, the ferromagnetic interaction between ©f 1 Were prepared as reported in ref 8. Gd(h@¢)TPhOMe),2, was
the gadolinium cation and the radical was also confirmed by synthesized according to the following procedure: 1 mmol of the Gd-

. . . (hfack-2H,0O salt was dissolved in 60 mL of dry boiling-heptane,
Il
magnetic data of reference molecules built with one’Gd and a solution of 1 mmol of the radical in 10 mL of dry chloroform

coupled to one NITR radicat.For this exchange interaction, @ a5 added. The final solution was left in ambient temperature for slow
model has already been proposed which involves the transfereyaporation. Green elongated fine crystals were obtained after 1 day
of a fraction of an electron from the SOMO of the radical into  and well analyzed for Gd(hfagNITPhOMe),2. Anal. Calcd for GoFis

an empty orbital of gadoliniur®? This fraction of unpaired GdHN,Oq: C, 33.44; H, 2.13; N, 2.69. Found: C, 33.39; H, 2.07; N,
electron would polarize the unpaired electrons of the inner 4f 2.67.

orbitals, thus giving rise to a parallel alignment of the spins. ~ Physical Measurements.The temperature dependence of the
The empty orbitals can be either the 6s or the 5d of the magnetic susceptibility of Gd(hfagNITPhOMe) was measured on
gadolinium iont3 To explain the strong nnn antiferromagnetic Polycrystalline powder sample with a Cryogenics S600 SQUID
exchange interaction fol, different hypotheses have been magnetometer with an applied field of 0.1 and 1.0 T and in th8@

. . . . . K temperature range. Data were corrected with the standard procedure
proposed, including superexchange mechanisms involving thefor the contribution of the sample holder and of the diamagnetism of
4f and/or 5d and 6s gadolinium orbit&i&:10

. A . . . . the sample. Magnetization measurements were perfori2daand
Although this proposal is feasible, no direct confirmation has i, the 0-6.5 T field range.

been obtained so far. Among the possi_ble teghniques which can xAs Data Collection and Processing. Gd MsEdges. X-ray
probe the exchange pathway, XMCD is particularly attractive. absorption near the edge structures (XANES) and XMCD spectra were
XMCD derives from X-ray absorption spectroscopy (XAS). It recorded on the soft X-ray SU22 beam line of the Super-ACO storage
is an element and orbital selective magnetic probe that hasring at LURE (Orsay¥? The white beam was monochromatized using
recently been developed with synchrotron radiaffbA. mag- a YB66 double crystal monochromator. The samples were cooled to 2
netic field is applied on the sample, and we select one circular K with an external magnetic field H varying from 0 to 6 T. During
polarization of the X-rays. When magnetic (or paramagnetic) XMCD measurt_ements, right c_|rcu|arly X-ray p'hot'ons are selected. A
samples are concerned, this magnetic field induces anisotropy/'st Spectrum is recorded with the magnetic field parallel to the
. ropagation vector of the photons, and a second one is recorded after

because of the Zeeman effect. The consequence is that th{ . g . i .

. . aving reversed the magnetic field. The XMCD signal is the difference
probed element does not absorb in the same way circularly Ieftb

. . . ) . etween the two spectra.
and circularly right polarized light. The difference between those 54 L, sEdges. XANES measurements were performed at room

two absorption spectra is the dichroic signal, proportional t0 temperature in transmission mode at the hard X-ray XAS 13 beamline
the local magnetic moment born by the absorber. Moreover, of the DCI storage ring of LURE (Orsa¥using a Si 311 double crystal

this technique is able to separate spB1and orbital (L, monochromator. XMCD spectra were recorded at the hard X-ray energy
contributions to the total magnetic moment. The important
feature of XMCD is that in principle it can investigate different (15) Goedkoop, J. B.; Thole, B. T.; van der Laan, G.; Sawatzky, G. A.; de Groot,

X . . . . . F. M. F.; Fuggle, J. CPhys. Re. B 1988 37, 2086.
edges, that is, monitor different orbitals, thus providing direct (16) (a) Goedkoop, J. B.; Rogalev, A.; Rogaleva, M.; Neumann, C.; Goulon,

3

i J.; van Veenendaal, M.; Thole, B. J. Phys. IV Francel997, 7, 415.
access to the pOSSIble e_XChar_]ge pa_lthways. (b) Neumann, C.; Hoogenboom, B. W.; Rogalev, A.; Goedkoop, $oBd
The goal of our work is to investigate the accuracy of the State Commun1999 110, 375.

i ; (17) van Veenendaal, M.; Goedkoop, J. B.; Thole, BJTElectron Spectrosc.
proposed superexchange mechanism to explain the nnn pre Relat, Phenom1997 86, 151.

(18) van Veenendaal, M.; Goedkoop, J. B.; Thole, BPys. Re. Lett. 1997,
(11) Benelli, C.; Caneschi, A.; Fabretti, A. C.; Gatteschi, D.; Pardinbrg. 78, 1162.

Chem.199Q 29, 1753. 9) van Veenendaal, M.; Benoist, Rhys. Re. B 1998 58, 3741.
(12) Benelli, C.; Caneschi, A.; Gatteschi, D.; Pardi, L.; Rey|rforg. Chem. (20) (a) Richardson, M. F.; Wagner, D. F.; Sands, DJHnorg. Nucl. Chem.
1989 28, 3230. 1968 30, 1275. (b) Lamchen, M.; Wittay, T. WI. Chem. Soc. @966
(13) Guillou, O.; Bergerat, P.; Kahn, O.; Bakalbassis, E.; Boubeker, K.; Batail, 2300.
P.; Guillot, M. Inorg. Chem.1992 31, 110. (21) Arrio, M.-A.; Scuiller, A.; Sainctavit, P.; Cartier dit Moulin, C.; Mallah,
(14) Brouder, C.; Kappler, J. P. IMagnetism and Synchrotron Radiatjon T.; Verdaguer, MJ. Am. Chem. Sod.999 121, 6414.
Beaurepaire, E., Carrie, B., Kappler J. P., Eds.; Editions de Physique: (22) Uliman, F. E.; Osieky, J. E.; Boocock, D. G.; Darcy,JRAm. Chem. Soc.
Les Ulis (France), 1997; p 19. 1972 94, 7049.
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Figure 2. Temperature dependence of the magnetic susceptibility in the

form of ymT vs T in the 2-300 K temperature range. The solid line
represents the best fit according to eq 1. See text for details.

dispersive absorption line D11 of the DCI riigt T = 14 K andH =
1.8 T. The isotropic spectra were normalized, and the XMCD signals
presented here can be directly compared.

Ligand Field Multiplet Calculations. The Gd M sedges were
calculated using the ligand field multiplet code developed by Thole
in the framework established by Cov#&and Butler?” This approach
takes into account all of the electronic Coulombic repulsions, the-spin
orbit coupling on every shell, and, even if this was not required for

this study, treats the geometrical environment of the absorbing atom

as a crystal field potentidf. Once the parameters are well adjusted to
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Figure 3. (a) Experimental (thin line) and calculated (thick line) isotropic
spectra forl at the Gd Msedges T = 2 K, H = 6 T). (b) XMCD
experimental (thin line) and calculated (thick line) signals normalized to
100% circular polarized light.
(perpendicular to the chain direction) where a magnetic field
is applied. The result of the fitting process is shown as a
solid line in Figure 2, while the obtained values di&k = 6.8
K, JJ/k = —1.6 K, Js/k = —0.8 K. The analogous magnetic
studies onl, previously reported, provided the following
values: Ji/k = 1.85 K, Jo/k = —4.5 K, Ja/k = —0.33 K.

XAS at Gd M4 sEdges.The experimental isotropic XANES
and dichroic signals of at the M, s-edges of gadolinium are

reproduce the experimental XANES and XMCD spectra, one can extract displayed in Figure 3.

from these calculationdl [Jand [$,[Jof the probed orbitals.
Results and Discussion

Magnetic Studies of Gd(hfac)(NITPhOMe), 2. The tem-
perature dependence giT of compound is shown in Figure
2.

To fit the experimental data, we performed numerical transfer
matrix calculations of the thermodynamic properties for a 1D
magnet with spinsgs) alternating along the chain, subject to
competing nn ferromagnetidy(> 0) and nnn antiferromagnetic
(J2 < 0 andJ; < 0) exchange interactiorffswith the spin
Hamiltonian

N/2

H= _lel (SZn—fSZn + SZn'SZnJrl)

n=

N/2 N/2
—-J; (SZn°SZn+2) —J; (SZn—l'SZn+1)
" N/2 " N/2
- gAMBH S;n+1 - g'fuBH §z(n (1)
n= n=

whereSy,+1 represents a gadolinium spin, agg represents a
radical spin. We take periodic boundary conditisgs= s, Sn+1

= S To limit the amount of calculations, the spins were
approximated by classical planar rotators in they plane

(23) Bleuzen, A.; Lomenech, C.; Escax, V.; Villain, F.; Varret, F.; Cartier dit
Moulin, C.; Verdaguer, MJ. Am. Chem. So200Q 122, 6648.

(24) Champion, G.; Escax, V.; Cartier dit Moulin, C.; Bleuzen, A.; Villain, F.;
Baudelet, F.; Dartyge, E.; Verdaguer, Nl. Am. Chem. SoQ001, 123
12544.

(25) Thole, B. T.; Van der Laan, G.; Fuggle, J. C.; Sawatzky, G. A.; Karanatak,
R. C.; Esteva, J.-MPhys. Re. B 1985 32, 5107.

(26) Cowan, R. DThe Theory of Atomic Structure and Spegtdmiversity of
California Press: Berkeley, 1981.

(27) Butler, P. H.Point Group Symmetry, Applications, Methods and Tables
Plenum: New York, 1991.

(28) Van der Laan, G.; Kirkman, I. Wl. Phys.1992 4, 4189.

The general shape and the structures of these signals (position
in energy, relative intensities) are characteristic of'Gains°
The multiplet calculations of isotropic and XMCD spectra for
1 are also reported in Figure 3. FBrthe isotropic spectra are
the same, and the dichroic ones present the same shape and
differ only in intensity. Therefore, we used the same parameters
to simulate the experimental data for the two compounds:
reduction factor of the Slater integrals= 0.8, no crystal field
parameter, and 3d and 4f spiorbit coupling constant values
calculated for the free iorEgs = 0.197 eV for the states deriving
from the initial configuration andsq= 12.4 eV andi4 = 0.225
eV for the states deriving from the final configuration). We
obtained a good agreement between calculated and experimental
data since every structure is well reproduced in energy position
and intensity for the isotropic spectra as well as for the XMCD
spectra. This good agreement was expected because multiplet
calculations are well adapted to describe transitions toward
localized states. The lanthanide contraction makes the 4f orbitals
of the cations atomic-like with negligible influence of the local
environment. This localized character of the final state is
consistent with the small reduction factor of the Slater integrals
and the absence of crystal field parameter in the fitting
procedure.

One can extract from the multiplet calculations accuratas
and[L 4 values, which are, respectively3.47 and—0.03 (in
A units). The very weaKIL[J; value is consistent with the 4f
electronic configuration associated to t¥® ground spectro-
scopic term for which no orbital momentum appears.

Moreover, the integrated area of XMCD signals is directly
proportional to the magnetic moment of the probed 4f orbffals.
The evolution of these integrated areas versus the applied
magnetic field forl and?2 is reported in Figure 4.

(29) Altarelli, M.; Sainctavit, P. InMagnetism and Synchrotron Radiatjon
Beaurepaire, E., Carrie, B., Kappler, J. P., Eds.; Editions de Physique:
Les Ulis, 1997; p 65.
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Figure 4. Experimental XMCD integrated area at the Gd-btige vsH (M) for 1 and2 as compared to the experimental magnetization curves (line) (
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Figu(e 5. (a) XANES spectra at thezkedge forl (thin line), 2 (dotted line), and the Gd(hfagH,0O), compound (thick line); (b) zoom on the absorption
maximum.

The integration was done at thesMdge, and we checked that the Gd 4f orbitals probably do not play a role in the
that similar results were obtained at the-Btige. The error bar  difference of the macroscopic magnetic properties observed
was evaluated taking into account the experimental signal/noisebetween the two chains. The next step is now to probe the 5d
ratio. The dichroic signal increases for both compounds when orbitals of the Gt cations, more delocalized than the 4f and
the applied magnetic field increases. This is correlated with the thus more likely to participate in the nnn predominant radical
progressive alignment of the magnetic moments of the 4f orbitals radical superexchange pathwaylinas proposed in ref 8.
of the gadolinium cations in the direction of the applied magnetic =~ XAS at the Gd L, sEdges.The L, XANES spectra ofl
field. The macroscopic magnetization curved eihd?2 recorded and?2 are reported in Figure 5.
with a SQUID magnetometer d&t = 2 K are also reported in The absorption maximum at 7935.5 eV corresponds to the
Figure 4. Because the integrated areas of the XMCD signals 2pP4f’5d° — 2p°4f’5d! transitions, authorized by the selection
are proportional to the local magnetic moments of the probed rules in the electric dipolar approximation. The integrated area
orbitals of the probed ion, the experimental dots and the of this feature (and, in first approximation, its intensity) reflects
macroscopic magnetization curve have been arbitrarily scaledthe Gd 5d empty state density. At higher energies, the features
to 7 ug per gadolinium ion at saturation. For both compounds, correspond to transition toward states of the ionization con-
we observe a good agreement between the macroscopidinuum. If a direct overlap between the nearly atomic 4f orbitals
magnetic data and the local data. This means that the localof the Gd ions and the surrounding molecular orbitals is not
magnetization of the 4f orbitals of the Batations follows that very likely, an interatomic hybridization of the 5d orbitals with
of the whole chain. This is the first time that such a study has the ligand orbitals is expected. So, the intensity of the absorption
been led on gadolinium molecular systems and such local maximum will be sensitive to the donor (or acceptor) electronic
magnetization curves are obtained. character of the ligands around the rare-earth. The XANES

The local magnetic moment of the 4f orbitals of the spectra ofl and2 are rigorously superimposable to each other.
gadolinium reaches saturation more slowly fothan for 2. The same result is obtained at the-édge, not shown here.
Compouna for which the nn predominant interactions between That means that the electronic structure and more precisely the
Gd and radicals are expected to be ferromagnetic reachessd empty state density of the Gd ions are the same for the two
saturation faster. Fdk, the nnn predominant antiferromagnetic chains and do not depend on the nature of the substituent on
interactions between radicals lead to a magnetic spin frustration,the nitronyl nitroxide bridging radical.
and the saturation is more difficult to reach. XMCD results In the Gd(hfac)(H20O), compound, the two oxygen atoms
confirm the nature of the dominant interactions obtained by the from water molecules take the place of the oxygen atoms coming
fitting procedures of the macroscopic magnetization curves. from the radicals il and2. We observe a small but significant

Finally, the similar 4f electronic structure of and 2 decrease of the intensity of the absorption maximum at the L
evidenced by the use of the same multiplet parameters set showgdge (inset of Figure 5), also observed at theetige. The Gd

T T -
7960 8000 79|34

Energy / eV

T
7920 7933
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Table 1. Integrated Areas of Normalized XMCD Signals for 1 and

0,04 2
(a) Ls XMCD L, XMCD
© integrated area integrated area
S 0,02
2 7 compoundl 0.114 —-0.141
8 compound? 0.144 —0.178
>E< 0,00 N
V expected, the sign of the dichroic signal is reversed at the L
and L,-edges? Quadrupolar transitions (24" — 2p°418) could
-0,02 7200 7250 7300 7350 7400 7250 occur in the low energy part of_theg,Llsqtropic and dichroic
EnergyleV spect.rf';\l.‘i30 Yet, as observed in previous studi€®,these
transitions are of very low intensity because they only show up
0.02- as a very small dip before the main dipolar contribution, and
(b) moreover they are well separated from the rest of the L
spectrum. Therefore, we have been able to integrate the dichroic
s 0,00 signal without the quadrupolar contribution. The shape of the
5 I XMCD signals is the same for the two compounds. The higher
a intensity of the signal for2 indicates its faster reaching of
g 0,021 saturation previously evidenced by the XMCD study at thg-M
x edges. This result shows that the 5d-XMCD signal follows the
4f magnetic moment and that of the whole chain.
-0,04 1 To go further and obtain quantitative results from XMCD
7850 7900 7950 600D 8060 8100 signals, one can generally use the orBitahd spif* sum rules
Energy/eV formulated as follows?
Figure 6. XMCD signals forl (x x x) and2 (thin line) recorded at the (10 _ n)
(a) Le-edge; (b) l-edge. M,0=2(AL; + AL))

- _ _ _ _ Jo e+ ud)
5d empty state density is more important in the chains than in
the Gd(hfacyH20), compound. This result confirms the 5.4
expected more important electron donor character of the oxygen

atoms of HO molecules than those of the radicals, and the more 3 \ (10—n)
covalent nature of the GeOH, bonds. B,l= E(ALB —2ALy T _ —3.901.0
Let us turn now to the XMCD signals. Very few experimental L3+L2(’u TuT ”0)

techniques are able to access the magnetism of the 5d orbitals,

and XMCD at the b’?edges provides a useful tool for Studying WhereALg andALz are the dichroic integrated areas at tfge L
directly the 5d magnetic moment. Nevertheless, the descriptionand Le-edges, respectivelyris the number of electrons in the
of the XMCD at the rare-earth L-edges is complicated, and the valence shellu*, u~, andu® are the absorption coefficients for
Shape and amp”tude cannot yet be exp|ained by a Simp|e|eft CirCUlarIy polarized ||ght, rlght CirCUIarIy pOIarized I|ght,
model6-18 The presence of a quadrup0|ar contribution -(Qp and |Ight which is Iinearly p0|ari26d with the polarization vector
4f) in the preedge region of thesledge has also been Parallel to the quantization axis; ang is the value of the

identified The presence of 4f electrons leads to a3d magnetic dipole operator. o o
intraatomic exchange interaction which induces the spin and ~For a pure S#iground state configuration, which is the case
orbital polarization of the 5d staté. for Gd" ions, these sum rules givé,[dq = [$,dq = (Tlda =

XMCD signals at the bzedges forl and2 are reported in ~ 0:6*%3%3:333%e performed simple multiplet calculations using
Figure 6. the 285d° ground state configuration and i final state
The signals are represented without taking into account the configuration, neglecting the 2pf and 5d-4f exchange
polarization rate of the D11 beamline which is around 70%. interactions in the final state which are difficult to include in
The isotropic signals were normalized with an edge-jump of 1 the calculationd%2We found that the integrated XMCD signals
at the Ls-edge and 0.5 at thextedge which corresponds to the ~ a@ré equal to zero at thesLand Lo-edges.
statistical branching ratio. The signals are comparable to signals The XMCD signal integrated areas, and A3 evaluated

obtained in Gd oxide insulatot§ The most intense part of the ~ for 1 and2 are reported in Table 1.
dichroic signal is observed at the maximum of the isotropic ~ We can see that they are very different from zero, at all edges.

spectrum, and it corresponds fbr(2) to 2.4% (3.2%) of the Following the [l [d4 sum rule, which does not require any
isotropic spectrum at thestedge and 6.2% (8.1%) at the-L assumption on the value &f,[J(which is often a source of
edge. As previously observed, thedXMCD spectra have line ~ debate)[ll-lds = O leads toA 2/Aiz = —1, different from the
shapes that are close to the derivative of the XAS éhds

(32) Sacchi, M. InMagnetism and Synchrotron RadiatjoBeaurepaire, E.;
Scheurer, F., Krill, G., Kappler, J. P., Eds; Springer-Verlag: Berlin, 2001;
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104405. 694.
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—1.24 value found for our systems. This would suggest that with SQUID measurements. Multiplet calculations confirm the
.84 = 0 in 1 and 2, generally found to be equal to zero for localized character of the 4f orbitals and the quasi nullity of
the Gd" ions35 However, in this case, these sum rules cannot the orbital momentum of the 4f shell, as expected for the 4f
be applied to obtain quantitative information for several reasons. configuration of the G# cation. We do not observe any
First, we do not know the exact number of electrons in the 5d particular influence of the nature of the dominant exchange
orbitals because of the possible delocalization on the ligandsinteraction pathway on the 4f orbitals, as expected for these
and/or because of their possible inner hybridization with 4f quite-atomic orbitals.
partially occupied orbitals. Second, we do not know the exact Because the XANES spectra at thgstedges are rigorously
value of[T,[Jeven if this term, which is due to an anisotropy in superposable, the 5d empty state density is the samedod
the spin moment, is often taken equal to zero because of the2. As for the 4f orbitals, the predominant exchange interaction
nearly cubic symmetry around the rare-earth element. Finally, pathway, different for the two compounds, has no influence on
these sum rules were given considering that there were nothe state density of the 5d shell. Moreover, we have shown in
interaction between the photoexcited 5d electron and the 4f this study that the electron density in the gadolinium 5d orbitals
electrons’®® This is probably not the case in our systems, and was different when replacing water molecules by nitronyl
there is no simple relation between the XMCD spectra and the nitroxide radicals. Therefore, the environment of the rare earth
5d magnetic moment in the ground state. We cannot concludemight have an influence on the spin density on the 5d
on the presence/absence of an orbit moment born by the 5dgadolinium orbitals.
orbitals. All of these results confirm the similarity of the 5d orbitals
electronic structure fot and 2, despite the differences of the
macroscopic magnetic properties. This XMCD study does not

We report here XANES and XMCD results at the Gd M allow one to evidence a particular role of the 5d Gd orbitals in
and Lo redges obtained for two Gd-radical chaibsand 2, _the supt_arexchange mec_hanis_m leading to the predominant (nnn)
presenting different macroscopic magnetic properties. interaction between radicals
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