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Electronic structure of Cr,_sX(X=S,Te studied by Cr 2p soft x-ray magnetic circular dichroism
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Cr 2p core excited x-ray absorption and x-ray magnetic circular dichrgiMCD) spectra of ferromag-
netic Cr_sTe with several concentrations 6£0.11-0.33 and ferrimagnetic £ have been measured. The
observed XMCD line shapes are found to very weakly depend fam Cr,_sTe. The experimental results are
analyzed by means of a configuration-interaction cluster model calculation with consideration of hybridization
and electron correlation effects. The obtained values of the spin magnetic moment by the cluster model
analyses are in agreement with the results of the band structure calculation. The calculated result shows that the
doped holes created by the Cr deficiency exist mainly in thelerbital of Cr_sTe, whereas the holes are
likely to be in the Cr 8l state for CgSs.
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I. INTRODUCTION =0.29, and CpTe; (6=0.333 are 10, 1, and
Chromium chalcogenides CRX(X=S, Se, T¢ with 4 mJ/atom/K.*® The y for Cr;Te, is quite close to the pre-
metal-deficient NiAs-type crystal structures show variousdicted value 1.0-1.4 mJ/atom?Kising the calculated den-

magnetic and electronic propertie&mong them, chromium  Sity of states(DOS) at the Fermi levelEg), while that for

tellurides Cg_sTe are ferromagnets with metallic conductiv- C72T€ is much Iallggﬁr than the predicted one~0.82
ity with Curie temperatures of 170—360 K. -0.96 mJ/atom/K 1817 Such largey values suggest that

Cr,sTe with §<0.1 form the hexagonal NiAs crystal electron correlation effects are also important igTeg and

structure, while CiTe, (5=0.29 and CgTe, (6=0.33 form Cr,Te;. The electron correlation effects in these “itinerant

monoclinic and trigonal crystal structures, where Cr Vacanferromagnets CL;Te has been discussed with the photo-

. : " “emission spectr&. It has been pointed out that the spectral
CIES Occupy In every second metal laydihe 9rde_red mag weight inEg=2—-4 eVobserved in the photoemission spectra
netic moments evaluated from the magnetization measur

Gt Cry gsTe and CgTe, cannot be explained by the theoretical
ments show much smaller values such as 2.4¢gJor the o4 girycture calculation, and the intensitEats found to

Cr.sTe with §<0.1, 2.35ug for CrsTe, (6=0.29, and e gmajler than the theoretical DOS. On the other hand, the
2.0 ug for Cr,Te; (6=0.33 than those expected from the gpectral weight irEg=2—4 eV haeen reproduced with the
ionic model*~**According to neutron-diffraction studies, the configuration interaction cluster-model calculation, indicat-
small value of saturation magnetization is partly explained ifing the importance of the electron correlation effect in
we take the spin canting into account f6+0.125, 0.167, Cr,_;Tel®
and 0.25'° The magnetic moment induced on the Crion for In contrast to the telluride compounds,;G8 shows an
0=0.25 is close to an integral number of Bohr magnetonsantiferromagnetic structure and some of them present a
suggesting the existence of mixed valencé®Gtowever, for  metal-semiconductor transitidnAmong them, C§Sg shows
Cr,Te; (6=0.33, the ordered magnetic moment of 2.65 a ferri-antiferromagnetic phase transition below 150 K. In
-2.70ug, deduced from the neutron diffraction is much the ferrimagnetic phase above 150 K, a tiny net magnetic
smaller than that calculated using the ionic modelg3 sug- moment appears as a result of the antiparallel spin alignment
gesting the itinerant nature of thkelectrons'%1> between the adjacent Cr atoms with slightly different mag-
Electronic specific heat coefficienisare very dependent netic momentg® Recently, in the analogy of the perovskite
on 8. The estimatedy for CrsTeg (6=0.167, Cr;Te, (6  manganites, a collossal magnetoresistance has been found
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for the sulfur deficient GiS;, which may contain both geometry with both the incident light and the magnetization
Cr**(d®) and CF*(d*) ions2h22 perpendicular to the sample surface. We used two pairs of
There has been a study of electronic structure using germanent dipole magnets with holes for passing the excita-
band structure calculation to clarify the several magnetic antion light. The external magnetic field of1.4 T at the
electronic properties depending ah and the X atom of sample position was alternatingly applied by setting one of
Cr. X(X=S, Se, T&!823 The calculation has successfully the two dipole magnets on the optical axis by means of a
described the antiferromagnetic ground state for CrSmoter-driven linear feedthrough. The XMCD spectra were
whereas the ferromagnetic state has not been properly déken for a fixed helicity of light by reversing the applied
scribed for CrTes3 magnetic field at eachy. In the present paper, the XMCD
Here we present a Crpsoft x-ray absorptioiXAS) and ~ spectrum is defined ds—1_, wherel, andl_ represent the
x-ray magnetic circular dichroisfXMCD) spectra of ferro- absorption spectra for the direction of magnitizatigrhich
magnetic Cy_sTe and ferrimagnetic G8. It is known that  is opposite to the direction of the majority spiparallel and
core XAS is a powerful tool to study the element specificantiparallel to the photon helicity, respectivélyClean sur-
valence electronic states of materials. XMCD in the corefaces were obtained kg situ scraping of the samples with a
XAS spectrum provides us with useful information on thediamond file under ultrahigh vacuum conditiori3
element specific spin and orbital magnetic moments with use< 10°8Pg. The cleanliness of the sample surfaces was first
of the “sum rule.24-26 |t is widely known that the spectral checked by the disappearance of a typical structure related to
shapes of the XAS and XMCD spectra are strongly depencr oxides. We could also check the degree of contamination
dent on the electronic states or the electronic configuration dirom the magnitude of the XMCD signal, because its ampli-
the derived atom. In addition, these line shapes can be reéude grew and finally saturated when the sample surface be-
markably affected by the intersite hybridization between thecame clean enough. We considered that the unscraped or
surrounding atoms or by the band structure of the crystal. Itontaminated surface was covered with antiferromagnetic or
other words, the spectra can be a good fingerprint of th@aramagnetic compounds such as@zr which hardly con-
electronic states inside the crystals. For example, the valendyibute to the XMCD spectrum. It is generally known that the
(or the electron numbgcan be determined by the XAS and the total photoelectron yield reflects the absorption spectrum
XMCD spectral line shapes. One can also determine severat the core-excitation region. The temperatures during the
physical parameters such as the Coulomb repulsion energgeasurement were 110 K for Cr,_sTe and 200 K for GySg
the charge transfer energy, as well as the hybridization enferrimagnetic phase
ergy from the analyses of experimental XAS and XMCD

spectral line shapes. In order to understand how the elec-;; ¢| cLUSTER MODEL CALCULATION WITH FULL

tronic states are related to _ti&ndx atom dependences of MULTIPLETS
the magnetic and electronic properties, we have performed
Cr 2p XAS and XMCD experiments on ¢iTe and CSs. The CI cluster model calculation has been done with a

program code developed by Tanaka by means of the recur-
sion method® The detailed procedures are described
Il. EXPERIMENTAL elsewheré? Slater integrals have been calculated by Cow-

Polycrystalline samples were synthesized from mixed@n’s code and the calculatgd values are listed in Table I. In
powders of constituent elements. They were sealed in evacitf€ calculation, the Slater integrals are scaled down to 80%
ated silica tubes, which were heated for a week at 1000 °Cof the listed values to take into account intra-atomic relax-
After this, the samples were ground and sealed in silica tubeation effect.
again and heated for 2 h at 1450 °C and then cooled gradu-
ally to 1000 °C and finally quenched into watéThe sto- IV. RESULTS AND DISCUSSION
ichiometry and the homogeneity of 4Te and CgSg have ) .
been estimated by means of electron probe micro analysis 1he XAS and XMCD spectra in the CipZore excitation
(EPMA). X-ray diffraction studies confirmed that all of the €gion have been measured forgTa(6=0.11), CrsTes(d
samples were in a single phase. =0.17, Cr3Tey(6=0.29, CrTex(6=0.33, and CgSe(d

Cr 2p core absorption spectroscogXAS) and x-ray =0.17. The Cr 2 XAS (I, andl.) spectra with both helici-
magnetic circular dichroism spectra were measured di€s of incident radiation and the XMCD,-1.) spectra of
BL25SU of SPring-8 in Japat¥-32Circularly polarized light ~CrsTeg are shown in Figs. (&) and 1b). It is found that the
was supplied from a twin-helical undulator, with which al- 2ps/> and the d,,, core absorption peaks are located at about
most 100% polarization was obtained at the peak of the first576 and 585 eV, and the broad hump is found around the
harmonic radiation. After having set the two undulators tophoton energy of 600—605 eV. Since the core level binding
opposite helicity, helicity reversal was realized by closingenergiegEg) of the Cr 2 and Te 8l levels are quite close to
one undulator and fully opening the otférCr 2p XAS  each other, one may expect the overlapping of these absorp-
spectra were measured by means of the total photoelectrdion edges® We expect much lower Ted3—5p absorption
yield method by directly detecting the sample drain currentcross sectio(<5%) compared to that of the Mn®2-3d
while changing the photon enerdyw. The photon energy absorption as observed, i.e., in Td-4 5p absorption spec-
resolution was set t&/AE=5000 for the Cr P core excita- trum of MnTe,.%6 We also expect that the observed Gy 2
tion regions. The measurement was performed in the FaradayAS fine structures are almost unaffected by the @eXAS
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TABLE I. Ab initio Hartree-Fock values of the Slater integrals and spin-orbit coupling constantsits of e\). In the actual calculation,
the Slater integrals have been scaled to 80% of these values to take into account intra-atomic relaxation effect.

configuration F2(d,d) F4(d,d) F2(p,d) G*(p,d) G¥(p,d) &(3d) &(2p)

Cr dd 10.777 6.755 0.035
d* 9.649 6.002 0.030
d® 8.357 5.146 0.025
d® 6.910 4.205 0.021

p°d* 11.596 7.270 6.526 4.788 2.722 0.047 5.667

p°d® 10.522 6.552 5.841 4.204 2.388 0.041 5.668

p°d® 9.303 5.738 5.151 3.644 2.069 0.035 5.669

p°d’ 7.867 4.801 4.461 3.155 1.768 0.030 5.671

spectrum because the Td 8ore absorption is expected to be to I_ in both 25, and 24, regions. This derives the com-
very broad due to the wide conduction band derived from theplicated XMCD(l,.—1_) structures as shown by the solid line
itinerant natre of the Te (b electrons. Therefore, one can in Fig. 1(b). Here, the spectrurgsolid line) shows remark-
assume that the TedZore absorption spectrum behaves as aable XMCD with positive sign at the,, core absorption
background and the observed XAS spectra in the presedge(hv=575.5 eV as marked with A, which is followed by
photon energy range mostly reflect the Qv @ore absorp- the smaller asymmetry with negative sighv=578 eV as
tion. However, the broad hump at 600—605 eV can be stilrepresented by B. It is noticed that the XMCD signal does
assigned to the Ted3-5p absorption mainly because the not reach zero even in the region between the spin-orbit split
observed XMCD asymmetry is negligible in this energy re-2p components. Thgre is still finite and negative XMCD on
gion. It is found that the intensity df, is larger than that of the lower-energy side of thepg, absorption edge(hy

I in the 2py, core absorption region, whereas the intensity=283 €V). Then one finds a small positiver=584 e\) and

of I, is smaller than that df_ in the 20, region. In addition, & large negativéhr=585.5 ey XMCD peak with increasing

the spectral weight of, is shifted to lower energy compared hv as marked with C, D, and E in Fig(l). To eliminate the
possible instrumental asymmetries, we have taken the spec-

. . . . . tra by reversing the helicity of the incident radiation. As a
O A ecsm result of this procedure, it is found that the observed XMCD
e signals with opposite helicities of the incident lights are quite
symmetric with respect to the zero line as shown by the solid
and dashed line. This means that the observed complicated
structures of the XMCD spectrum are intrinsic.

In Fig. 2, are shown the helicity averaged Qv XAS
spectra represented ls+1_)/2 of (a) CrgTey(6=0.17), (b)
CrsTes(6=0.17), (c) CrTey(5=0.25, (d) Cr,Tey(6=0.33,
and(e) CrsS5(5=0.17). In contrast to the spectrum of £Jie;

total photoelectron yield (arb.units)

570 580 590 600 610 [Fig. 2b)], a shoulder is found on the highky side of the
photon energy (eV) 2ps;» edge in the spectrum of greg. One also finds broad

and small shoulder on the lower-energy side of thpg,2

" A " () Cr2p XMCD spectrum ' peaks for6=0.11. In the cases of €5Te with 6=0.17, 0.25
Cr,Te, (3=0.17) and 0.33, the linewidth of thep,, edge is narrower with

some tail extending to the hightw compared to that fo6
=0.11. In addition, the shoulder on the lower side of the
2p,;» edge has comparable spectral weight to that of fhe, 2
main peak in these spectra. In addition, the broad humps are
observed in théaw region of 600—-605 eV for all of the spec-
tra as already pointed out f@=0.17. The Cr p XAS spec-
trum of CiSg shows a shoulder structure at the loviner of

the 25, main peak, which is absent in the spectra of §Je

as shown in Fig. @). Several structures are also found in the
2pq/» €nergy region.

The XMCD spectra obtained ds—I_ of Cr;_sTe with &

FIG. 1. (a) Cr 2p XAS spectra(l, andl_) with different helici- =0.11, 0.17, 0.25, and 0.33 are shown in Fig. 3. We find that
ties of incident radiation(b) XMCD spectrum(l.—1_) of CrsTe;  the overall line shape of the XMCD spectrum @+ 0.11 is
(solid line). The XMCD spectrum taken by reversing the helicity of similar to that for§=0.17, in which all of the fundamental
the incident radiation is also showdashed ling structures A—E are observed. This is not expected because

XMCD

13-

570 580 590 600 610
photon energy (eV)

064402-3



YAJI et al.

Cr 2p XAS spectra

(a) CrsTeo
8=0.11

(b) CrsTes
6=0.17

(c) Cr3Tes4
0=0.25

(d) Cr2Tes
6=0.33

XAS intensity (arb.units)

(e) CrsSe

| | |
580 590 600

photon energy (eV)

570 610

FIG. 2. Helicity averaged Cri2XAS spectra(l,+1_)/2 of (a)
CrgTeg, (b) CrsTeg, (C) CrsTey, (d) CrpTe, and(e) CrsS.

the XAS spectrum fob=0.11 shows a different feature than
that for 6=0.17 as stated above. Therefore we speculate th
the shoulder structure at th@s, edge in the XAS spectrum
for 6=0.11[Fig. 2a)] is extrinsic and might come from the

remaining part of the chromium oxide in the sample, which_

hardly contribute to the XMCD spectrum because of its non

A Cr 2p XMCD spectra
|
B CDE (a) CrsTes
| 3 8=0.11
N[ s\ [
(b) CrsTes
_ 3=0.17

XMCD

(¢) CrsTes

8=0.25

‘ ‘\/_u \ -

(d) Cr2Tes

3=0.33

|Vl Vo
1 | 1 1 1
570 580 590 600 610
photon energy (eV)

FIG. 3. Cr 2 XMCD (l,.~-1_) spectraa) CrgTey, (b) CrsTeg, (C)
CryTey, and(d) Cr,Tes.
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ferromagnetic nature. For highéy we find that the XMCD
spectrum for6=0.25 resembles that faf=0.33. It can be
realized that the XMCD spectra fé=0.25 and 0.33 show a
different feature from those fof=0.11 and 0.17, where the
shoulder structure F is found on the léw side of the peak
A and the negative structure B is sharper than thosesfor
=0.11 and 0.17 as shown in Fig. 3.

First, we have tried to evaluate the contribution of the
orbital magnetic moment,,, from the experimental XMCD
spectra with the use of the following sum réfe?s

J (I, =1_)dhv
4J 141,

Meorp = é
J (I, +1_)dhy
L3tly

whereny represents @ electron number. The estimated,,
value is turned out to be almost negligible, suggesting the
quenched Cr & orbital magnetic moment, in consistence
with the measureg value (g~ 2).6 A determination of the
spin magnetic moment using sum rules for lighter transition
metal elements such as Cr is questionable becausepthe 2
and 2/, edges are not well separated and are mixed with
each othef>?’ In this case, the best way to derive the spin
magnetic moment, is to fit the calculated spectrum to the
experimental one as will be discussed below.

Next, in order to evaluate several parameters that control
the physical properties of €gTe, we have calculated the Cr
2p XAS and XMCD spectra by means of a configuration
interaction(Cl) cluster-model calculation with full multiplets
%Issuming dCrTes]*0" cluster so as to reproduce the experi-
mental spectra of GrsTe. Here, the nominal electron num-
bers in CgTey (6=0.10), CrsTeg (6=0.17, CryTe, (6
=0.29, and CpTe; (6=0.33 are~3.75, 3.60, 3.33, and 3.00
per Cr atom, respectively, when we assume the Te valence to
be 2-. We have employed four charge-transfer states such as
d, d’L, d°L2, andd®L3, whereL denotes a hole in the Tep5
orbital. Thus the initial state is expanded by a linear combi-
nation of these four states and the final state is described by
a linear combination of @4, 2pd°L, 2pd®L?, and 2d’L3,
where 2 denotes a created hole in thp 2ore level in the
absorption final state. Slater integrals and spin-orbit coupling
constants ford®, d*, d°, andd® configurations in the initial
state and forp®d?, p°d®, p°d®, and p°d’ in the XAS final
states are listed in Table I. To perform the CI calculation,
four adjustable parameters are introduced as follows; the
charge-transfer energy=E(d*L)-E(d®), the Coulomb in-
teraction energyJyq between the @ electrons, the Coulomb
attraction energyJ.q between the g core hole and @ elec-
tron, the hybridization energy, [=—\3(pdo)] and the octa-
hedral crystal field splitting lﬂgq. There has been a claim
that a truncated basis set using at most two configurations
(d"+d™2L) in the cluster model analysis would provide in-
correct physical parameters especially for highly covalent
materials with smallA value that include a highly oxidized
element(such as M* or M** if one compares it with the
result using a complete basis §&Here we use four basis set
that should be enough to obtain reasonable physical param-

(10 -ny), 1)
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Cr1-5Te (6=0.11, 0.17) Cr1-sTe (8=0.25, 0.33)

(a) Experiment
(6=0.17)

(a) Experiment
(86=0.33)

(b) CI calculation
(b) CI calculation

\\ XAS intensity (arb. units)
\\ XAS intensity (arb. units)

A
LN
\ e 1 =
B CDE
B CDE ‘ W|
s ® i
[a) . i s | \//‘N\/’ﬂ-v(c) Experiment
% [\ mExperimem 54 ‘ ($=0.33)
=0.17
\|/w \/ (d) CI calculation
\‘/—, | (d) CI calculation | L L L
1 1 1 1 570 580 590 600
570 580 590 600 photon energy (eV)

photon energy (eV)
FIG. 5. (8), (c) The experimental Cr2XAS and XMCD spec-

FIG. 4. (a), (c) The experimental Cr2XAS and XMCD spec- tra of CpTe; (6=0.33 (thin solid lines. (b), (d) The calculated
tra of CxTez (6=0.17 (thin solid lineg. (b), (d) The calculated XAS and XMCD spectra by the CI cluster model with full multip-
XAS and XMCD spectra by the CI cluster model with full multip- lets of [CrTes]'° cluster(thick solid lineg.

lets of [CrTe;]*0 cluster(thick solid lines.
[CrTe] ( i here that we have obtained the negative valué\ pfvhich

) i means that the ground state is not dominated bydthetate
eters, which would be confirmed from the result that the statg ¢ by thed*L andd5L2 states because the energy differences

with highest order(=d®L3) is found to show very small E(d'L)-E(d®) and E(dPL)-E(d®) are expressed as(=
weight (<7%). -2.0eV) and A+Uyy(=-1.7 eV}, respectively, when the
We have used thg44~ 2.3 eV, which has been estimated hybridization(V, ) is off. That is, the most stablfL state is
from the CrMy3VV Auger-electron spectra and the self- formed by the charge transfer from the ligand Tedsbitals
convolution of the Cr @-derived spectrd® The same value g the Cr 31 orbitals. The calculated result also shows that
of Vg =1.3eV [(pds)=-0.75 e\ has been considered, the weight ofd*L +d5L? exceeds 80%, which is due to the
where it has been evaluated by using the formigdo)  strong hybridization between Cid3and Te P orbitals. The
= Do (B2 M) (ry°/ d39) with Npdo=—2.95 and averaged 8 electron numbeny is 4.5, which is much larger
rg(Cn=0.9 A3 Here, U q has been fixed tdqy/U4=0.83  than 4(Cr?*) as shown in Table II. The estimate,;, and
and the relationshigppdo)/(pdm)=-2.0 has been assumed. m,,, are 3.6ug and —0.02ug, respectively. Such a quite
For Cr,_sTe with §=0.11 and 0.17, we have adjusted the smallm,,, stems from the dominawfL? configuration in the
charge transfer energ¥ and 1M@q to fit the experimental ground state and is consistent with the negligible value with
XAS and XMCD spectra. Figure(d) and 4d) show the use of the sum rule as mentioned above. The calculated
calculated XAS and XMCD spectra with=-2.0 eV and  my,,=3.6 ug is consistent with the values given by the band-
10Dg=0.7 eV, which are broadened by the Lorenzian andstructure calculation 3.2g (Ref. 18 but is much larger than
Gaussian functions with the FWHM of 0.6 eV for each. It is the saturation magnetic momer®.5 up.
noticed that the calculated XAS spectrum fits well with the We have also applied the calculation to, GFe with §
experimental spectra fo6=0.11 and 0.17 including the =0.25 and 0.33. Figures(ly) and %d) show the calculated
shoulder structure in thep?,, region. The calculated XMCD XAS and XMCD spectra with the parametefs=-1.5 eV
spectrum reproduces not only the dispersive XMCD featurend 1@qg=1.0 eV. We find a good correspondence between
at the 23, edge(A and B), but also the structures apg, the calculated XAS/XMCD spectra and the experimental
edge including the small positive structure found in the lowerones. We recognize that the calculated XMCD spectrum not
hv region (C, D, and B as shown in Fig. &l). It is noted only reproduces the observed fundamental structures A-E

TABLE Il. Parameters obtained from the analyses of the XAS and XMCD spectra {dfeCand CpTe; with Cl cluster model
calculation(in units of e\). We assumedl 44/ U.4q=0.83 and(pdo)/(pdm)=-2.

A 10Dq Udd pdo Ng Mspin Morb
Cr,_;Te(5=0.11,0.17 2.0 07 23 -0.75 45 36 ~0.02
Cry_Te(5=0.25,0.33 15 1.0 2.3 -0.75 43 3.2 ~0.03
CrsSs 05 1.0 31 ~0.87 3.8 3.1 ~0.05
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Cr 2p XAS spectra of Cr5Sé6

572 57% 576 578 _5%0
Photon energy(eV)

(a) Experiment

XAS intensity (arb.units)

(b) CI calculation
600 610

580 590
Photon energy(eV)

570

FIG. 6. (a) Helicity averaged Cr @ XAS spectrum(l,+1_)/2 of
CrsSg (thin solid lineg. (b) The calculated XAS spectrum by the CI
cluster model of[CrSs]*0 cluster (thick solid lineg. The inset
shows the experimentatop) and the calculatedbottom) spectra
with the sama parameter set as used for the XAS spectrum.

but also the shoulder F as shown in Figé&)sand %d). It
should be remarked here that a little bit largerD40
(=1.0 eV) value compared to that fo$=0.11 and 0.17
(10Dg=0.7 eV) introduced the shoulder F in the XMCD
spectra for6=0.25 and 0.33. From this resulity is found to
be 4.2 and the calculated,,, andm,,, are estimated to be
3.2 ug and —0.03ug, respectively, as listed in Table Il. We
find again that the smaih,,, is consistent with the XMCD
result. The presenty and mg,;, are smaller than that fof
=0.11 and 0.17. It is noted that the valuem;, is compa-
rable to that obtained by the band structure calculatioB.3
for both 5=0.25 and 0.38'8 but is larger than the saturation
magnetic moment 0f~2.0-2.7 ug.

Finally the calculated results for £3; are shown here.
We have evaluated the value/eg:1.5 eV [(pdo)=

PHYSICAL REVIEW B 70, 064402(2004)

the tellurides. The evaluated average electron numpés
found to be 3.8, which is smaller than that of the telluride
with the same stoichiometry.

We have obtained the similar parameter valueda aind
10Dq for Cry_sTe with 6=0.11-0.33, which indicates that
the local Cr 8 electronic states are not much affected by the
Cr deficiencyé. This feature is really explained by the ob-
tained negative value &, where the lowest-energy state can
be described ad*L. Thus we interpret that the doped holes
created by the Cr deficiency do not stay in the @rsBates
but exist in the Te p orbitals for Ci_sTe. This is consistent
with the calculated band structure of,Gire, where the hole
pocket derived from the Tebstate appears aroudd point
in the Brillouin zone when the Cr vacancy is introduced in
the material® In contrast, the positive\ value for CeSq
leads to the lowest-energy state df, which means the
doped holes are likely to be in the Cd ®rbitals. This inter-
pretation is consistent with the ferrimagnetic resonance ex-
periment on G3Sg, where the electron hopping between the
Cr?* and CP* ions is suggesteth.

V. CONCLUSION

We have observed the Cp2XAS and XMCD spectra of
CrgTey (6=0.11), CrsTeg (6=0.17), CryTe, (6=0.25, Cr,Tes
(6=0.33, and CtS;. The observed changes with the Cr va-
cancy in the experimental XMCD spectra of ;Gfe are
found to be small. The experimental XAS and XMCD spec-
tra of Cr_sTe have been compared with the result of the CI
cluster-model calculation. We have obtained the best-fit pa-
rameter values\=-2.0 eV, 1g=0.7 eV for 6=0.11 and
0.17 andA=-1.5 eV and 1Dg=1.0 eV for§=0.25 and 0.33
with Ugg=2.3 eV andV, =1.3 eV fixed for all of Cy_sTe
studied. Both the experiment and the calculation give a
quenched Cr @& orbital magnetic moment for €gTe, in
agreement with the observgdralue. The obtained values of

—0.87 e\ using the same formula as used for the telluride. ltthe spin magnetic moment by the cluster model analyses are
can be understood that the larger value for the sulfide is dueonsistent with the results of the band structure calculation.
to the reduced Ck atomic distance, where Cr-S and Cr-Te In contrast to these negative values for the tellurides, we
atomic distances evaluated by the x-ray powder diffractiorhave found the positive\(=0.5 e\) for CrsSg. It is con-

are 2.4 and 2.8 A, respectively. We have adjusted the parangjuded from these results that the doped holes created by the
eters so as to fit the observed energy splitting of 1.2 eV be€r deficiency exist mainly in the Tepsorbitals for C_sTe,

tween G and H at the@,, component and of 1.4 eV be-
tween J and K at the[®,, component as shown in Fig. 6.
The obtained parameters afe=0.5 eV, Uyy=3.1 eV, and

10Dg=1.0 eV. The value olJy4=3.1 eV is consistent with

whereas the holes are likely to be in Gd 8tate for CgSs.
This interpretation for GrgTe is consistent with the un-
changed feature of the XMCD spectrum with the Cr defect
concentrations and the band structure calculation.

the recent photoemission and inverse photoemission experi-
ment by Koyameet al, where the energy splitting between
the phtoemission and inverse photoemission spectra is
~3.0 eV¥Itis noticed that the XMCD spectrum of £35 in The authors would like to thank Dr. Y. Saitoh of the Japan
the ferrimagnetic phase has been reproduced with the sanfgomic Energy Research Institute for a fine adjustment of
parameter set as shown in the inset of Fig. 6, where théhe monochromator and Professor A. Fujimori of the Univer-
observed plus-minus feature is recognized in the calculatiorsity of Tokyo and Professor T. Kanomata of Tohoku Gakuin
The obtained positivA value for CgS; is reasonable instead University for their fruitful discussion. This work was done
of the negativeA for Cry_sTe because of the larger electron under the approval of the SPring-8 Advisory Committee
negativity of S than Te, which would be further confirmed by (Proposal No. 2000B0439-NS -nf his work was supported
the reported larger value df=5.2 eV for CO3.4% In CrsS;, by the Ministry of Education, Culture, Sports, Science and
thed® anddL states dominate the ground state, in contrast tarechnology.
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