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The molecular-based magnet'[Bs"Cr'""(CN)g]-2H,0 is a ferromagnetic with a Curie temperatde= 90

K. Its structure consists of face-centered cubic lattice dfibins connected by Cr(Chentities. We have
recorded X-ray magnetic circular dichroism (XMCD) at nickekledges. It clearly evidences that nickel(ll)

is in a high-spin configuration and ferromagnetically coupled to the surrounditig Through ligand field
multiplet calculations, we have determined the total magnetic moment carried'bySgicial attention has

been paid to the magnetic anisotropy that complicates the calculation of the cross section for a powder. By
using sum rules derived for XMCD, it has been possible to extract the orbital and spin contributions to the
total magnetic moment. A somewhat too small magnetic moment is found on nickel. A complete calculation
taking into account the multiplet coupling effect and the covalent hybridization allowed to determine the
precise ground state of nickel and showed that hybridization cannot be responsible for the experimental low
nickel magnetic moment. The origin of this effect is discussed.

Introduction dropped into a solution of potassium hexacyanochromage, K

1 ini 1l
Conventional techniques in magnetism measure total magnetic[r%ren(iNs)ﬂl’ui%r??f tSENy(gzl?g;l_'geggtf t:] oﬁ[ggo(ggs]i.s

Ln;?;igt) (éutﬁgfﬁgglgzo rr;ﬁ;iscl{artee gfggﬁn:%ei%&ﬁ ’aSFa(;ﬁ;:?é éldded dropwise to a 100 mL solution containing an equimolar
) P q P amount of CSK[Cr'"(CN)g] that is vigorously stirred up. A

neutron diffraction can give information on specific groups of light blue precipitate appears and'[S&"Crll (CN)gJ-2H,0 is

atoms but measurements are only possible on large single . A .
crystals. X-ray magnetic circular dichroism (XMCD) is a new g?)sliﬁgs%vgércentrlfugatlon and then carefully washed with

technique that has recently received strong interest by the
community of magnetism. Magnetic circular dichroism haslong ~ The structure of CENi"'Cr'' (CN)g]-2H,O consists of a three-
been known in the energy range of visible light but was not dimensional assembly of structural motiff\=C—Cr—C=N—
investigated till recently in the X-ray range due to the lack of Ni— where the metallic cations are arranged in a rock salt
sources of circular polarized X-rays. The development of lattice?3 The Ni' ions are surrounded by six nitrogen atoms
synchrotron radiation in the past decade impulsed the field of and the Ct ions by six carbon atoms. Both have an octahedral
X-ray spectroscopies and XMCD was first observed in 1987. symmetry. Cesium ions are present in half of the tetrahedral
In the first section we present the elaboration of a molecular sites of the structure as shown in Figure 1. Two water molecules
based magnet and its magnetic properties are reviewed. Theare present per formula unit. Their location although unclear
second section is a basic summary of XMCD theory where the is supposed to be around the' @ns. Water is always present
sum rules are discussed. The third section is dedicated to theunless the material is heated above 200
experimental measurements, and the fourth one outlines the Using powder X-ray diffraction we found that the compound
results concerning the magnetic properties of the magnet thatis pure and well crystallize##® The cell parameter ia= 10.57
have been obtained from the comparison between experimentsi . This value is consistent with data obtained from XAFS

and calculations. spectroscopy at nickel and chromium K-edges: EXAFS deter-
mined that the chromiumcarbon distance is 2.06 A, nickel
Molecular-Based Magnet nitrogen distance is 2.10 A, and the=8l bridge is 1.14 A,

We have studied ONi"Cr''(CN)g]-2H,0, a new type of giving a cubic cell parameter around 10.60 A. All the peaks

magnet from inorganic chemistry. This magnet belongs to the ©f the powder diffractograms can be indexed and no spurious
family of bimetallic cyanides whose general formula is-Cs ~Phase is formed. From infrared spectroscopy, it can be inferred

[AB!(CN)g]-nH,0, where A and B are 3d transition metal that no NI are coordinated to carbon atoms of the cyano
ions. It is synthesized through soft chemistry engineering at bridges?

room temperaturé3 A solution of cesium chloride (CsCl) is In CS[Ni"Cr'"(CN)g]-2H,0, an orbital interpretation based
on the model of Kahn et &lallows to foresee a short-range
TCNRS URAGY; Universite Paris VI et VII. ferromagnetic interaction between the two ions. In that model,
;gmgg'sgﬁ\gg'\‘- the three unpaired electrons of 'C(d®) are described by,4
0CNRS URA419. orbitals partially delocalized on the system of cyanides and
® Abstract published ilAdvance ACS Abstract&ebruary 15, 1996. particularly on g orbitals of the nitrogen atoms. The two
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leading to a value for the nickel moment somewhat higher than
2 ug. No refinement on the difference signal could be made
because of the small number of peaks for a cubic powder and
the poor quality of the signal/noise ratio.

From EPR measurements on'[B" Cr'' (CN)g]-2H,0 it has
been possible to determine the effective Lafaetor of Ni'.
The EPR spectrum presents one peak that gives the avegaged
factor of the nickel and chromium atoms; we fouge- 2.05.
From EPR measurements on'"giCr'"' (CN)g]2*xH20, we ob-
tainedger = 1.99 in agreement with previous measurements
on [Cr(CN)]3~.6 We extracted the factor of nickel using the

relation’
1+c 1-c
9s="% %t 5%
with
O _SEHD-SE+Y
cr ' csl SS+1)

Figure 1. Crystallographic structure of @hli"Cr'"(CN)g]-2H,0.

Cesium atoms are in the interstitial sites and water molecules are not@nd We obtainedgyi = 2.15 + 0.02. That value ofgni is
represented. comparable to values obtained on different nickel complexes

that have been measured by EPRErom effective factomgy;
2 ‘ ‘ ‘ ‘ ﬁ one can deduce that the rafib,[/[$,[= 0.15+ 0.02 from the
) application oflll,[+ 2[§,[1= ge[EL] The ratio L LS,will
LsE T be compared to XMCD measurements in the Results and
{ TN Discussion section.

\ i X-ray Absorption Spectroscopy and X-ray Magnetic
] Circular Dichroism

M(10301n3mol'lG)

An XAS experiment is an atomic selective technique that
measures the absorption cross section. During the absorption
process the atom undergoes a transition from an initial state to
) o ) a final state and when the absorption cross section is expressed
f_'r?“re 2. Magnetization aH « 10 G as a function of temperature.  n the electric dipole approximation the interaction Hamiltonian

e Curie temperature is 90 K. readsé-r, where€ is the polarization vector characterizing the
unpaired electrons of Ni(d®) are described by georbitals photon beani: 13
partially delocalized on the surrounding nitrogen atoms (p ~ XMCD is performed when the cross section of a magnetic
orbitals). It results in a strict orthogonality between the two sample is registered for circularly polarized light. The XMCD
kinds of orbitals of different symmetry:¢for Cr'" and g for signal is the difference between the two cross sections for left
Ni''. Furthermore, the delocalization of thg {Cr'') orbitals @T = (x + iy)/v/2) and right €T = (—x + iy)/v/2) circularly
and the g (Ni") on the nitrogen atoms allows a strong overlap polarized light*4
density g—ey on the nitrogen atom; the large value of the We have measured;ls edges of nickel. The main channel

(=}
W
L

ol .
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bielectronic exchange integrals Cr(1)-egNi(2)|(€%/r12)|t2gCr- corresponds to a transition from the initial stat€3P to the
(2)-gNi(1)governs the value of the ferromagnetic short range final state 2B3c®. The channel that corresponds to transitions
interaction, reflected in the high Curie temperatufe € 90 toward continuum s states is ignored since it is commonly found

K). The magnetic properties of the compound have been negligible!® In the final state the 2p spirorbit coupling is
thoroughly measured by conventional techniques. From mag-large and the states constructed with= 3/, lie 17.1 eV below
netization curves, the saturation moment at 3 T is found to be those constructed withy, = Y/,. The Lg and Ly edges are well
5.2 ug per molecular unit at 3 K. This is consistent with the separated, although some intermixing still exists. Theddges
two Bohr magnetons carried by nickel and the three by correspond to transitions toward the 3d orbitals that are spin-
chromium. This is also supported by the magnetic susceptibility polarized in a magnetic compound. The two effects (spin
measurements at high temperature. Field-cooled magnetizatiororbit coupling and spin polarization of the 3d orbitals) make
measurements at 10 G clearly evidence that the Curie temper-the dependence of the cross section with the photon helicity as
ature is 90 K (Figure 2). The hysteresis loop shows that the large as 50% (or more) of the isotropic cross section. By
remnant magnetic moment is 14 per formula unit with a definition, the cross sections are labetgdor linear polarization
coercive field of 80 G: CfNi'"Cr''(CN)g]-2H,0 is indeed a  parallel to the magnetic fields for left circular polarization,

magneg ando- for right circular polarization (in both circular polariza-
Neutron diffraction with non spin polarized neutrons has been tion, the propagation vector is parallel to the magnetic field).
performed on powdered sampfesDiffractograms have been Thole and Carra et &F have developed several sum rules

registered above and below the Curie temperature. The differ-that can be applied to XMCD spectr&!® From these sum
ence between the two diffractograms has been analyzed. Theules, it is possible to extract the average valilg§land [E,[]
difference amounts to 2% of the average signal. From the and hence also the magnetic moméht= —ugll, + 2S00
absence of superstructure peaks (nickel and chromium arecarried by the absorbing atom. The validity of the sum rule
coupled ferromagnetically) it can be inferred that the magnetic for [L,[Jevaluation has been checked in rare-earth and 3d
moment carried by nickel and chromium are not much different, transition metallic or intermetallic compountls2? The validity
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of the sum rule fof$,[has still not received much confirmation
from the experimental point of vie# 26 In the case of
transition metals, we follow Carra’s remark by taking the
magnetic dipole operatdil,l0~ 0 in eq 7 of ref 20. In the
Results and Discussion section we shall explain why this
approximation is justified. The two sum rules fog 4 edges
for dipolar transitions read

For a better conductivity, the powder was pasted on a grid
carved on metal sheet. A stability of 1 fA is currently achieved.

During a XMCD experiment, a first spectrum, labelad is
registered with the magnetic field parallel to the propagation
vector of the photons. Then a second spectrum, labslet
registered with the magnetic field antiparallel to the propagation
vector of the photons.oy and oy depend on the circular
polarization rate) and are related to; ando- throughoy =
[(r + 1)/2)o+ + [(1 — ©)/2]o- andon = [(1 — 7)/2]o+ + [(z
+ 1)/2Jo-. It can be shown that, in the electric dipole
approximation, reversing the magnetic field is equivalent to
changing the helicity of the beam. The XMCD signal is the
difference ¢y — ow) between the two spectra. Since the XMCD
signal is obtained by difference between two spectra that are
not registered at the same time, great care is needed in the
normalization process: we checked that the two spectra
registered with fully linearly polarized light for two directions
of the magnetic field differ by a constant multiplication factor
equal to 1.1. We used the same factor to normadizeand
oy spectra. All the experiments have also been performed above
and below the orbit plane and yielded the same, although
reversed, dichroic signal.

As stated above, the measurements were performed on a beam
line where the photons are monochromatized by a two-crystal
assembly. In such an experimental setup, the transfer of the
circular polarization is far from perfect. Close to the Brewster
angle (48 for X-rays) the crystals behave like polaroid and
transform any type of light in almost purely linearly polarized
light. In experiments at nickeld; edges, the Bragg angle varies
) ) from 62° to 67° and the depolarization is not too large. We

We measured XMCD at nickelJs edges in the molecular-  have computed the transfer function of the crystal in the
based magnet @8li"Cr'"' (CN)e]:2H,0 on the soft X-ray SU22  framework of the dynamical theory: the polarization rate is
beamline of the storage-ring Super-ACO at LURE (Orsay). The reduced behind the monochromator and depends on the energy.
photon source is an asymmetric wiggler that delivers a high |n order to extract reliable quantitative information from
flux of circularly polarized light above and below the orbital  experimental data, the exact polarization at each energy has to
plane. At the nickel k3 edges (850 eV) the flux is 10 times  pe considered: 37.1% atzledge (853 eV) and 30.9% abL
larger than the one delivered by bending magnets and amountsdge (870.3 eV} To ascertain the determination of the
to 10" photons/s/100 mA/mré&D.1% BW. For XMCD we  polarization rate, we measured the XMCD signal of fully
select the photons emitted 0.3 mrad above the orbit plane. Themagnetized metallic nickel at 20 K and 1 T. The polarization
flux is left elllptlcally pOIariZed and the aVeraged polarization rate is extracted from a Comparison with ab initio calculated
rate before the monochromator can be calculated from the xpmcD signal®® We found that the polarization rate is equal
emission of the wiggler: it is 80% and constant on the whole g 37 + 4% at Ly edge and 3Gt 3% at L, edge in agreement

energy range of nickel 43 edges. The elliptically polarized  \yith the expected values (insert in Figure 3).
white beam is monochromatized by a two beryl crystal

monochromator described elsewhéfé® The crystals are high-
quality natural Ukrainian yellowish gems that have been cut
along the (100) planes. The main advantage of a beryl crystal The two spectran andoy, at nickel Ly 3 edges are plotted in
monochromator is the high resolution that can be achieved. At Figure 3. Each spectrum is the sum of six spectra for each
850 eV, the ultimate instrumental broadening, resulting from direction of the magnetic field, with an accumulation time of 1
the beam divergence and the width of the reflection profile, s per point. Although the samples are insulating compounds
has been measured to be 0.25 eV. and the photocurrent is low, a very good signal/noise ratio can
The monochromatic beam goes through a 0 thick be obtained. The spectra are normalized so that the average
aluminum foil and the intensity of the photocurrent is measured spectrunt/y(o+ + o-) is equal to 1 at the maximum ofledge.
to determine the flux upstream the sample: it is typically in This procedure is repeated for any comparison of theoretical
the 1 pA range. The beam then falls on the sample cooled downand experimental spectra in this paper. When plotting the
to 20 K and magnetized by a superconducting magnet. A full XMCD signal (Figure 3), the experimental spectra have been
magnetization of the sample is obtained for a magnetic field of renormalized to 100% of circular polarization rate and the cross
0.1 T at 20 K3 This point is deduced from SQUID measure- Sections have been divided by the energy for a direct application
ments at high field and was checked by verifying that the of the sum rules. The spectra are characteristic dfillithe
XMCD signals at 20 K are the same for magnetic fields of 1 or triplet staté' as can be confirmed by the multiplet calculations.
0.1 T. Except when specially specified, all experiments where The net magnetic moment of the sample is parallel to the
carried out with a magnetic field of 1 T. The X-ray absorption magnetic moment of chromium and the sign of the experimental
spectra are recorded by measuring the photocurrent emitted byXMCD signal proves that nickel(ll) ions are indeed coupled
the sample on a 617 Keithley electrometer. For a machine ferromagnetically to chromium(lll) ions.
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wheren is the occupation number of the 3d orbital=€ 8 for
Ni"), |¢iCthe Ni' ground statels™ the integral of the absorption
cross section over thesledge for left-polarized photons and
similar definitions for otherl. The +, —, 0 indices relate
respectively to left, right, linear polarization, ahgs™ = I3* +

Io*. Thel values can be computed from the experimental data
(I = f o/hw d(w)), so that direct determinations &&,Jand
(IL,Oare possible from experimental data.

Measurements at Nickel L, 3 Edges

Results and Discussion

current of 200 mA, the average signal below theddge is
around 0.5 pA and reaches 1.5 pA atddge maximum. Great

The calculations are performed in the crystal field multiplet
theory11-13.3233 |t takes exactly into account spiorbit

care has been taken to the elimination of any systematic noise.coupling and treats the environment of the absorbing atom
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normalized to 100% of circular polarization. The measurements are S 02!

performed at 20 K and in a magnetic field of 1 T. The energy-
dependent circular polarization rate is plotted in insert. 0

through crystal field parameters. In octahedral symmetry, the
degeneracy of the 3d orbitals is lifted in two componenjs t
and . The orbitalsiyand g are also split but in a less effective
way by spir-orbit coupling and Zeeman effect. In octahedral
symmetry, the crystal field strength is determined by only one
parameter, the average energy separation betwgemd g, 08
commonly labeled 1Dq. The parameter is determined by BV A
visible electronic spectroscopy and equalstb.3 eV around 845 850 855 860 865 870 875 880
the nickel ions. In a first step we present a calculation in a Energy (V)
single configuration where no account of nickeltrogen Figure 5. (Top) Experimental (dots) and theoretical (lifgYo+ +
hybridization has been treated explicitly. The covalency effects, 0-) spectra at nickel 4z edges in C§Ni" Cr'"' (CN)g]-2H,0. (Bottom)
which can be responsible for the presence of additional satellitesEngBmseigfgl(?gasg;ngr;?i‘;;e(}"i' E‘ﬂﬁ;h():iriﬂg rthsglraerti?:(lj dlli\gﬁted Tb?]/el-ﬁ
in the spectra, pannot be reproduced In thls_modeI: calculations are performed with the following parametefs; = 11.4
The sample is a powder of crystallites with cubic crystal- oy ¢, = 0.1 ev, 10q = 1.4 eV, temperature= 0 K.
lographic symmetry. Without magnetic field the dipolar cross
sections are isotropic for any crystallites. When a magnetic circular dichroism is calculated, some interesting differences
field is applied, the presence of a net magnetization of the are present due to different degeneracy lift and different dipole
sample breaks the cubic symmetry in each crystallite. Due to allowed transitions. Large differences between the average
magnetic anisotropy the break of cubic symmetry depends onspectral/o(o+ + o-) for o(B||C,), o(B||Cs), ando(B||Cs4) can
the orientation of the magnetic field with respect to the be observed in Figure 4. This proves that a well-balanced
crystallographic axes of the crystallites. To take into account averaging procedure is essential to allow the extraction of
this effect, the powder spectrum has to be calculated by physical quantities from the comparison between experimental
averaging cross sections for all possible directions of magnetiza-and calculated/,(o+ + o-) spectra. Moreover X-ray magnetic
tion with respect to the symmetry axes of the crystallites. Since circular and linear dichroism should give much information on
the complete calculation would be intractable, we used the the magnetic anisotropy, although the impossibility of growing
approximate method of integration developed by Ayant &t al. large enough single crystals did not permit us to address
It states that the powder cross section can be obtained to a goo@éxperimentally this question. For the three magnetic orienta-
approximation by a well-balanced average of cross sectionstions, the circular dichroic signats- — o4 only differ by 3%
calculated with particular directions of the magnetic field. In which means that the shape of XMCD at nickelsledges is
the case of cubic symmetry, the powder spectrum is given by almost insensitive to the magnetic anisotropy.
The crystal field and spinorbit parameters are adjusted to

_176 99 110 produce the best agreement between the experimental and the

powder 3850(BI ICo) + 3850(B| IC9 + 3850(BI ICa) powdered averaged theoretical cross seciigin, + o-). The
calculation is performed at 0 K and the best agreement is

whereo(B||Cy), o(B||C3), anda(B||Cs) are the cross sections obtained for spir-orbit parameterg,, = 11.4 eV andizg =
corresponding to the magnetic fidRiparallel to the following 0.1 eV, a crystal field parameter 2§ = 1.4 eV. The crystal
directions: [110] orCy, [111] or C3, and [001] orCs. We field parameter is in agreement with the one obtained by optical
performed the multiplet calculations for a magnetic field parallel spectroscopy.
to C,, Cs, andC4. The isotropic spectra for any of the three Figure 5 compares experimental and theoreficéd + o-)
directions are very similar as can be expected since the Zeemarspectra. The only difference is at 860 eV where a clearly visible
Hamiltonian is a small perturbation that cannot be resolved by feature is present on the experimental spectra and absent on
the experimental resolution. On the contrary, when linear or the theoretical ones. This satellite is interpreted as due to

Dichoic signal

g
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hybridization with the surrounding ligands and will be evidenced
by the hybridization calculation presented beRw® Despite

this resonance, the overall agreement between theory and
calculation is good enough to allow us to rely on the description
of the ground state made in the calculations. It is then possible
to extract information about the ground state. The irreducible
representation of Niground state id'st when spir-orbit
coupling and crystal field Hamiltonians are switched on. The
I's* nickel ground state is a pufE term (99.92% ofF and
0.08% of!G and'D) that is made up of 52% ofF;—, states,
32% of 3F;—3 states, and 16% ofF;—, states. If spir-orbit g
coupling is neglected, the ground state can be decoupled in pure
spin and orbital parts and is given Bg,g In the real case,
where spir-orbit coupling exists?A4 represents the main part

of the actual ground states™.

The experimental and calculated XMCD signals are plotted
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in Figure 5. The shape of the experimental spectrum is well 081
reproduced by the calculation, but its amplitude is 1.6 times e
smaller than the theoretical one. We applied the sum rules to 845 850 855 860 865 870 875 880

the experimental XMCD spectrum. From the theoretical Energy (V)

calculations, we found that the linear magnetic dichroic signal Figure 6. (Top) Experimental (dots) and theoretical (lifgXo+ +
[Yo(or + 0-) — o is small and ther/x(o; + o) is a good 0-) spectra at nickel 4z edges in O@\ll"Cr"'(CN)s]-ZH;O. (Bottom)
approximation for the isotropic spectrumi = Ys(o4 + o Experimental (dots), theoretical (dash), and theoretical divided by 1.6

N S XMCD signal renormalized to fully circular polarized light. The
+ 00) ~ Y(0+ + 0-)). The application of the sum rules (2) 1o ;¢ jations are performed with hybridization (relevant parameters are
the experimental spectra givé4 = —[L,l4g = 0.1 + 0.03 given in text).
us, Whereug > 0. Although the crystal field parameter is large,
the orbital momentum is not completely quenched. This for 9006 and of AL that counts for 10%. This result shows
originates from the deviation of the ground state from the pure {hat Ni' has a very ionic character compared to the values
%Az state. As stated above, the computatiori®fithrough obtained by Kotani for a set of Nicompound$? Although
the spin sum rule requires the knowledge of the average valuegne would expect that the contribution froffLdvould tend to
of the spherical tensdF,. We calculatedT,Cfor Ni'" ground decrease M one finds by applying the sum rules to the

state and we foundr;[}= 0.0017. From the application of the  heqretical spectra that both,Mind Ms are not much affected
spin sum rule (b) to the experimental spectra, we obtaMed  , hypridization: takingn = 8.1 in expressions a and b and

= —2[5lip = 0.78ug if we neglect(T,andMs = _zﬁ%mB neglecting(T,[J we foundM, = 0.2 ug andMs = 1.8 ug. The

= 0.80ug if we take into accountT;L] In the case of Ni, the covalency tends to decrease the total magnetic moment by less
error induced by neglecting[lis not large, it is less than 3%  than 10% i = 2.3z without covalency antl = 2.1 ug with

of lfh_e total magnetic moment. The total magnetic moment on ¢oyalency). Most of this effect comes from the variation of 3d
Nit is found equal taVl = —[[LLH 2[5Jus = 0.9ug £ 0.1 holes number between pure®3ahd 3& — 3d°L mixture.

He per absorping l\.lﬁ ion. The error on the de'terminat.ion of An explanation for the low value of the XMCD Ni magnetic

DLZIDa}nd .ESZD'S malgloy related to t.he uncertzamt;l/ of cm;]ular moment could be related to an incomplete magnetization of the
pgoarlgatwn rate (1d A’)'d.Fr?m?D't.'S slomewd at larger r and nickel atoms. To check this hypothesis, we studied the effect
10% because d.and Ls dichroic signals tend to cancel and = ¢ e applied magnetic field and the temperature on the

systematic errors can occur from normalization process. The magnetization. First, we performed at 20 K a XMCD measure-
Ni' magnetic moment extracted from XMCD measurements is ment with an external magnetic field of 5 T. It was found that

lower than the onex2 ug) expected for a fully magnetized o xMcD signal had the same amplitude as for the 1 T

Ni"! atom in Az triplet state. The orbital and spin moments oy periment to less than 5% relative error. Second, we registered
deduced from the crystal field multiplet calculation &fe = with a SQUID magnetometer the magnetization at saturation
0.2 g andMs = 2.0us. We are going to show in the following 5t 3 and 20 K. We found that the magnetization varies from
that the origin of the too low value for the magnetic moment 5 > 15 4.9, and that in both cases it is well reached for
does not lie in hybridization between 3d and ligand orbitals. magnetic field lower than 0.5 T. Then one can safely consider
A possible origin for the loss of magnetic moment could be that any bulk Ni ion has reached full magnetization in our
hybridization between Niions and the neighboring nitrogen  experiments performed at 20 K with 1 T magnetic field.
atoms. To take into account the hybridization effects, we Nevertheless, since total electron yield detection is surface
performed multiplet calculations with electronic configura- sensitive, surface nickel ions might not be feeling the exchange
tion interaction$®3% In that model, the Ni states are repre-  magnetic field or present strong magnetic anisotropy that would
sented by a mixture of the two electronic configuration8 3d make the magnetization perpendicular to the surface negligible.
and 3(?5 where c?g is a configuration where an extra electron This hypothesis cannot be discarded.
coming from the ligand orbitals is added on the 3d shell; L  The experimental value fdil,[I{%,0is 0.2 4+ 0.05 and the
stands for ligand hole. Figure 6 shows the theoreficéd + theoretical value extracted from either crystal or ligand field
o-) cross section and theoretical XMCD signal. In that model multiplet calculation is around Q2= 0.05. EPR measurements
it has been possible to reproduce the satellite at 860 eV. Thehave shown thall,[I[%,[in Ni" should be around 0.1% 0.02.
fitting procedure of the experimental spectrum is more intricate One sees that thd ,[/[$,[idetermination by our measurements
than for the one configuration model. We uskd= 5.3 eV, is larger than the one determined by EPR. This effect supports
Ucd — Usa= 1 eV, V(gy) = 2, andV(t,g) = —1 (these parameters  the idea that Ni ions undergo a strong magnetic anisotropy
have been described by Kotani and we kept his notatfhns  and that I, and [$,[1measurements do not refer to bulk
We find that the NI ground state is a mixture of 8that counts magnetic Ni ions. This type of disagreement has already been
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