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Electronic structure of CaMnOx with 2.66<x<3.00 studied with photoemission
and x-ray-absorption spectroscopy
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We studied the electronic structure of CaMnOx (2.66<x<3.00) using x-ray photoemission and O 1s x-ray-
absorption spectroscopy. Analyzing the spectra of the two end members with the configuration-interaction
cluster model, we have determined all the main parameters of the electronic structure. We have found that the
ground states of CaMnO2.5 and CaMnO3 are highly covalent, with approximately the same number of ligand
holes per oxygen atom: 0.22–0.23. The main separations between the Mn 3d bands closest to the Fermi level
are of the order of 3 eV and the band gaps are of the charge-transfer type (U.D). The main effects of the
oxygenation are the disappearance of the occupiedeg↑ band and an approximately rigid shift of about 1 eV to
lower energies of all the other Mn 3d bands. Finally, we discuss the most probable causes for the absence of
a metallic phase in CaMnOx . @S0163-1829~98!01427-1#
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I. INTRODUCTION

The great variety of physical properties ofABO3 oxides
with perovskite structures has made them a lively area
research in the last decade. Among these compounds
series La12xCaxMnO3 has attracted much attention recen
due to the discovery of colossal magnetoresista
effects.1–4 Both end members of this series are insulators
antiferromagnetic at low temperatures, but when trivalent
is replaced by divalent Ca~or Sr or Ba! in the range 0.2
<x<0.4, the material becomes a metallic ferromagn5

From the electronic point of view the doped compounds
mixed-valent systems with a disordered distribution of Mn31

and Mn41 ions. The strong coupling between the magne
ordering and the electrical conductivity is explained by t
double-exchange model,6,7 in which the electrons ineg orbit-
als are the electrical carriers that move on a backgroun
Mn41(t2g

3 ) ions. The alignment of the Mn41 localized spins
favors the delocalization of theeg electrons and reduces th
total energy of the system. Mixtures of Mn31 and Mn41 ions
can also be produced increasing the oxygen conten
LaMnO3 or reducing it in CaMnO3, although in this last case
the Mn31 ions are no longer in the regular octahedral co
dination but in square pyramidal coordination. Howev
these two approaches lead to different results: LaMnO31d
becomes a metallic ferromagnet ford50.1220.17 ~Ref. 8!
whereas CaMnO32d remains an insulator over the rang
0<d<0.33.9

The electronic structure of La12xCaxMnO3 has been in-
vestigated both theoretically and experimentally.10–18 Most
PRB 580163-1829/98/58~7!/3755~7!/$15.00
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of the experimental studies have been performed using x
photoemission spectroscopy~XPS! to probe the occupied
electronic states10,11,13,14,17and X-ray absorption12,14 ~XAS!
or bremsstrahlung isochromat spectroscopies13 to probe the
empty electronic states. The analysis of these spectra w
configuration-interaction~CI! model19 allows a determina-
tion of important parameters such asU ~the on-sited-d Cou-
lomb energy!, D ~thep-d charge-transfer energy!, andT ~the
p-d hybridization energy!, and a classification of the com
pound as Mott-Hubbard (U,D) or a charge-transfer (U
.D) insulator. At present there is some controversy
whether LaMnO3 and CaMnO3 are in the Mott-Hubbard13 or
charge-transfer regime.14 In this paper we report a study o
the electronic structure of CaMnOx with x in the range
2.66<x<3.00. Despite the compounds in this series also
ing a mixture of Mn31 and Mn41 ions, as mentioned above
they become neither metallic nor ferromagnetic for a
composition.9 Measuring the XPS valence-band and Os
XAS spectra we determine the changes in the occupied
empty bands induced by the oxygenation, and analyz
these spectra and the Mn 2p spectra of the end member
(CaMnO2.5 and CaMnO3) using the CI cluster model we
determine all the main parameters of the electronic struct
U, D, T, J ~the on-sited-d exchange energy!, and 10Dq and
Ds ~the crystal-field parameters of ad level in octahedral
and pyramidal symmetry, respectively!.

II. EXPERIMENTAL DETAILS

The samples studied in this work were CaMnOx with
x52.66, 2.75, 2.84, and 3.00. The CaMnO3 sample was pre-
3755 © 1998 The American Physical Society
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3756 PRB 58G. ZAMPIERI et al.
pared by the standard nitrate method. The resulting pow
was pressed into pellets and sintered in air at 1400 °C.
other samples were obtained by reducing the CaMn3
sample in a thermogravimetric balance at 1000 °C. T
metastable CaMnO2.84 and CaMnO2.66 samples were ob
tained for O2 partial pressures of 1022 and 1024 atm, respec-
tively. The CaMnO2.75 sample was prepared at 1023 atm and
quenched at the desired composition. The CaMnO2.5 sample
could not be produced using our experimental setup.

The crystalline structure of CaMnOx with 2.50<x<3.00
is related to a distorted variation of the cubic perovskite20

The oxygen deficiency in the compound is accommodated
the presence of vacancies at the oxygen sites. CaMnOx is an
insulator for any oxygen concentration in the range 2.66<x
<3.00; the electrical conductivity first increases withx and
then decreases, reaching atx53.00 a value close to that o
the sample withx52.66.9

The XPS spectra were taken with an AlKa1,2 source
(hn51486.6 eV! and a hemispherical energy analyz
(r 510 cm!. All the spectra have been corrected for the
Ka3,4 ghost lines. The core levels and Fermi edges of cl
Ni and Cu samples were used in the experiments to calib
the energy scale. The total energy resolution was estim
to be 1.0 eV. All the samples were scraped with a diamo
file prior to their insertion into the spectrometer chamb
Survey XPS spectra showed only a small residual conta
nation with C, whereas the O 1s peaks were similar to thos
reported in previous works.14

The XAS spectra were taken using the plane grat
monochromator at CAMD. The spectra were taken in
total electron yield mode measuring the current emitted
the sample. The throughput of the monochromator was
termined with a calibrated photodiode and used to norma
the intensity. The energy scale was calibrated using
known peak positions in NiO and in CuO. The energy re
lution at the O 1s edge~around 530 eV! was approximately
0.6 eV. To obtain fresh, clean surfaces, all the samples w
scraped inside the vacuum chamber prior to the meas
ments using a diamond file.

III. RESULTS

A. XPS and XAS spectra

Figure 1 shows the XPS spectra in the region of the
2p level. All the spectra exhibit the usual 2p1/2 and 2p3/2
spin-orbit doublet. It is seen in the figure that the 2p3/2 peak
appears at the same energy~2641.9 eV! in all the com-
pounds, and so no chemical shift is apparent in agreem
with previous studies.13,14 However, when the energy is re
ferred to the position of the Ca 3p level, assumed to be
constant reference level~see below!, the peak in CaMnO3
does show a chemical shift of 0.4 eV to higher binding e
ergies. The 2p1/2 peak is at 11.5 eV from the main peak an
a weak structure is observed at about 23.7 eV in CaMn3
and at about 23.2 eV in CaMnO2.66. As in previous works,
we ascribe this structure to a satellite of the 2p1/2 peak. This
means that the satellite of the 2p3/2 peak must be overlappin
with the 2p1/2 peak. This, in turn, explains why the intensi
ratios I (2p1/2):I (2p3/2) exceed the expected 1:2 ratio.

The XPS spectra in the region of the valence levels
shown in Fig. 2. The intense peak and the shoulder in
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region between225 and220 eV correspond to photoelec
trons from the Ca 3p and O 2s levels, respectively. It is see
that in CaMnO3 both structures are shifted 0.4 eV towar
the Fermi level. As this same shift is also observed in

FIG. 1. XPS Mn 2p spectra of CaMnOx .

FIG. 2. XPS valence-band spectra of CaMnOx .
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case of the O 1s level, and considering that these levels a
not expected to be chemically shifted, we ascribe this shif
CaMnO3 to a shift of the Fermi level in the band gap. Th
broad structure between210 eV and 0 comprises the contr
butions from the O 2p and Mn 3d levels, which at
hn51486.6 eV have similar weights.21 No structure is ob-
served in the region between217 and29 eV. This means
that the satellites that are expected to accompany the Mnd
photoemission must be separated from the main contribu
at least 10–12 eV, which is consistent with the satellite
ergies determined in the case of the Mn 2p photoemission.

The XAS spectra in the region of the O 1s edge, pre-
sented in Fig. 3, are the ones that exhibit the largest cha
with x. These spectra correspond to electronic transiti
from the O 1s level into unoccupied levels in the conductio
band with some O 2p character. The two peaks close
threshold~labeledA andB) are attributed to transitions int
empty bands with majority Mn 3d character. The peak a
around 537 eV is assigned to states with majority Cad
character, and the broad structure between 538 and 550
attributed to a band with mixed Mn 4sp and Ca 4sp char-
acter. It is observed in Fig. 3 that the two peaks close
threshold shift to lower energies whenx increases. This shif
is accompanied by a loss of intensity of the peak labeledB,
which is due simply to the increasing separation of this p
from the steep edge of the Ca 3d peak, and by an intensity
gain of the peak labeledA, which is attributed to an increas
of the density of states at the bottom of the conduction b
whenx increases.

B. Configuration-interaction cluster model

In this section we will compare spectra calculated with
the CI cluster model for the end members CaMnO3 and

FIG. 3. XAS O 1s spectra of CaMnOx .
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CaMnO2.5 with the experimental spectra corresponding
the samples CaMnO3 and CaMnO2.66, respectively.

The CI cluster model has been found to provide a go
first-order description of the electronic structure of most T
compounds. In this model one neglects the translational s
metry of the crystal and solves the problem of a cluster m
of the central cation plus its nearest-neighbor anions. T
ground state~GS! of the cluster is described as a mixture
the ionicdn state and the charge-transferdn11L anddn12L2

states, wheren is the nominald-electron number of the TM
~3 in CaMnO3 and 4 in CaMnO2.5) and L denotes a ligand
hole.

The energies of the centers of gravity of thedn, dn11L,
and dn12L2 multiplets are set equal to 0,D, and 2D1U,
respectively, withD the charge-transfer energy andU the
average Coulomb repulsion energy~including exchange!.
Following Bocquetet al.11 we have written the energies o
the dn, dn11, anddn12 configurations of the TM ion~with
respect to the centers of gravity of the multiplets! in terms of
three parameters. These areu5^f3d↑f3d↓uHuf3d↑f3d↓&, the
Coulomb repulsion between twod electrons in the same or
bital, u85^f3dc3duHuf3dc3d&, the Coulomb repulsion be
tween two d electrons in different orbitals, andJ
5^f3dc3duHuc3df3d&, the exchange interaction. Furthe
since the TM ion is surrounded by negative ions, we ha
also considered the electrostatic crystal-field splitting of
d levels. The splittings appropriate for a TM ion in octah
dral (CaMnO3) and pyramidal (CaMnO2.5) symmetries are
illustrated in Figs. 4~a! and 4~b!. This completes the list of
parameters used to define the energies of the different
figurations. Note, however, that the parametersU, u, u8, and
J are not independent, as they are related byu2u852J and
u2U5 2

9 J.
The ligand-p–TM-d interactions are taken into accou

through the one-electron transfer integralsTa5^dauHuLa&,
whereda and La are a TM-d orbital and a combination o
ligand-p orbitals with the same symmetry. In CaMnO3.0,
where the Mn41 ions are in sites of octahedral symmetr
one has two parameters:Tp52(pdp) andTs5A3(pds). In
CaMnO2.5, where the Mn31 ions occupy sites with squar
pyramidal oxygen coordination, there are four different h

FIG. 4. Energy level diagrams showing the crystal-field splitti
of a d level in ~a! octahedral symmetry and~b! pyramidal symmetry
~Ref. 22!.
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3758 PRB 58G. ZAMPIERI et al.
bridization integrals:Tp15A3(pdp), Tp252(pdp), Ts1

5 2
3 A3(pds), andTs25A3(pds).
The XPS Mn 2p spectra require an additional paramet

Q5^f2pc3duHuf2pc3d&, the interaction of ad electron with
the 2p core hole, which has been set equal toU/0.83. We
have also set (pds)/(pdp)'22.2, as in previous
studies.11,14Therefore, the total number of adjustable para
eters has been 5 in CaMnO3:D, U, J, (pds), and 10Dq,
and 6 in CaMnO2.5 ~the same parameters plusDs).

In Figs. 5–7 we compare the experimental spectra w
the spectra calculated with the CI cluster model, and in Ta
I we list the parameters that yield the best fittings.Deff and
Ueff are the charge-transfer and average Coulomb ener
defined with respect to the lowest-energy states of the m
tiplets.

The fitting procedure has been as follows. We have fou
that the position of the satellite in the Mn 2p spectra is a
strong function of (pds), whereas its intensity is determine
mainly by U. Therefore, we have first set (pds) and U to
reproduce the position and intensity of the Mn 2p satellite.
Then, using these values we variedJ and 10Dq ~andDs in
CaMnO2.5) until a good fit to the XAS spectrum was ob
tained. Finally,D was used to control the gap energy a
through it the position of the Mn 3d contribution in the XPS
valence-band spectra.

Figures 5~a! and 5~b! show the best fits to the experime
tal Mn 2p spectra. The calculated spectra have been bro
ened with a Lorentzian function whose width increases w
the energy and convoluted with a Gaussian function to sim
late the experimental broadening. To ease the compariso

FIG. 5. Comparison of the experimental and calculated XPS
2p spectra of~a! CaMnO3 and~b! CaMnO2.5. The solid and hollow
bars represent the 2p3/2 and 2p1/2 final states, respectively.
:
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have subtracted a linear background to the experime
spectra and we have added a steplike loss function to
calculated spectra. The position and relative intensity of
satellite~at about 12 eV from the 2p1/2 peak! are very well
reproduced in both calculations. As mentioned above,
position of the satellite depends sensitively on (pds); this
allows a determination of this parameter with an accuracy
about60.1 eV. In both compounds, the most important co
tributions to the main~well-screened! peak come from
cdn11L final states, whereas in the case of the satel
~poorly screened)peak the main contributions come from
cdn andcdn11L final states.

The region of the XAS O 1s spectra corresponding to th
empty bands with majority Mn 3d character are shown in
Figs. 6~a! and 6~b!. In the experimental spectra we have su
tracted the background curves that are shown in the inse
the figures and have referenced the energies to the O 1s XPS
binding energies. The calculated spectra were shifted
hand until a good agreement with the experimental spe
was obtained. In the calculations we have neglected the
teraction of the core hole with the valence electrons; the
fore, the final states are directly the addition states~AS! of
the system. In CaMnO3 there are three AS’s; they have bee
labeled in Fig. 6~a! after the orbitals occupied by the electro
added to the system. The energy differences between t
AS’s are very close to 3J and 2J210Dq, and their intensi-
ties are given essentially by the occupancies of the confi
rationsut2g↑

3 eg↑Ls↓&, ut2g↑
3 eg↓Ls↑&, and ut2g↑

3 t2g↓Lp↑& in the
GS. In CaMnO2.5, due to the lower symmetry, there are fiv

n FIG. 6. Comparison of the experimental and calculated XAS
1s spectra of~a! CaMnO3 and~b! CaMnO2.5. The insets show the
background curves that have been subtracted from the meas
spectra.
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AS’s; they correspond to adding an electron in theb1↑ , e↓ ,
b1↓ , b2↓ , anda1↓ orbitals. The energy differences betwe
these states are close to 6J210Dq23Ds, 10Dq13Ds
22J, 2J210Dq, and 10Dq24Ds. As in CaMnO3, the in-
tensities are dictated mainly by the occupancies of the
respondingd5L configurations in the GS. According to Fig
6~a! and 6~b!, the energies of the first AS’s in CaMnO3 and
CaMnO2.5 are 0.3 and 1.0 eV above the Fermi level, resp
tively.

Finally, Figs. 7~a! and 7~b! present the decomposition o
the experimental XPS valence-band spectra into the Mnd
and O 2p contributions. The Mn 3d contributions have been
calculated using the parameters obtained in the fittings
scribed above, and the O 2p contributions have been ob
tained subtracting the Mn 3d contributions from the mea
sured spectra.23 As in the case of the Mn 2p spectra, we have
subtracted a linear background to the experimental spe
and added a steplike loss function to the broadened ca
lated spectra. The final states in the calculation of the Mnd

FIG. 7. Decomposition of the XPS valence-band spectra of~a!
CaMnO3 and~b! CaMnO2.5 into Mn 3d and O 2p contributions. In
CaMnO2.5 the solid, striped, and hollow bars are the final sta
corresponding to the photoemission of an electron from thea1↑ ,
b2↑ , ande↑ orbitals, respectively.

TABLE I. Parameters obtained with the CI cluster model ana
sis of the spectra. All the quantities are in eV.

D U (pds) J 10Dq Ds Deff Ueff

CaMnO3 2.0 7.8 -1.5 0.82 0.2 0.21 7.16
CaMnO2.5 2.8 7.5 -1.8 0.75 0.3 0.05 0.75 11.
r-

-

e-

tra
u-

contributions are the removal states~RS! of the system. The
energy zeros in the calculated spectra have been define
that the first RS appears at the energy of the first AS@taken
from Figs. 6~a! and 6~b!# minus the gap energy. In CaMnO3
all the final states correspond to the photoemission of
electron from at2g↑ orbital. The most important contribution
to the two intense final states in the region between210 eV
and 0 comes from configurations withd3L character,
whereas the most important contribution to the satel
comes from the configuration withd2 character. In
CaMnO2.5 there are three types of final states. These co
spond to the photoemission of an electron from thea1↑ ,
b2↑ , ande↑ orbitals. The first RS (a1↑) appears at22.3 eV
and, as in CaMnO3, the main contribution to the final state
in the energy region between210 eV and 0 comes fromd4L
configurations, while the main contribution to the satell
comes from thed3 configurations.

IV. DISCUSSION

Having determined the parameters that yield the best
tings to the XPS and XAS spectra, we can use the CI clu
model to get a deeper insight into the electronic propert
Figure 8 presents the energy level diagrams correspondin
CaMnO3 and CaMnO2.5. The energies are referenced to t
energies of the ionic configurationsd3 andd4, which are the
starting points in each calculation. We have set the ene
differences between the first AS and the GS equal to
energies determined in Figs. 6~a! and 6~b!. This determines
the values of«d in each case and of«L5«d2D.19 Note that
the hybridization energies in CaMnO2.5 are about 2 eV larger
than in CaMnO3, in correspondence with the larger value
(pds) in this compound.

From Fig. 8 it is immediately evident that the main effe
of the oxygenation~of CaMnO2.5) is to pull down the energy
of the first AS and to lift up the energy of the first RS.

This is confirmed by the plots in Fig. 9 of the occupie
and empty bands. The O 2p and Mn 3d occupied bands
~below«F) are those of Figs. 7~a! and 7~b!, while the empty
bands~above«F) are those of Figs. 6~a! and 6~b!. In the
occupied Mn 3d bands we have omitted the steplike lo
functions and we have corrected the O 2p bands for the

s

-

FIG. 8. Total-energy diagrams showing the first removal st
~RS!, ground state~GS!, and first addition state~AS! of CaMnO3

and CaMnO2.5 prior to and after the hybridization.
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3760 PRB 58G. ZAMPIERI et al.
inelastic tails. Note also that, to ease the comparison, the
3d bands in CaMnO2.5 have been labeled neglecting th
crystal-field splitting introduced by the pyramidal symmet
All the bands have been plotted as a function of the ene
relative to the Ca 3p level, which has been taken as a co
stant reference level. It is seen in this figure that the oxyg
ation of CaMnO2.5 produces, apart from the disappearance
the occupiedeg↑ band, a more or less rigid shift toward
lower energies of all the Mn 3d bands. The emptyeg↑ band
shifts by 1.1 eV and the occupiedt2g↑ band by 0.7 eV. It is
seen that the shift of this latter causes its high-energy edg
nearly coincide with the high-energy edge of the O 2p band.
It can be concluded from this figure that doping CaMn3
with electrons generates states ofeg↑ symmetry at the top of
the valence band and that, similarly, the doping of CaMnO2.5
with holes induces unoccupied states ofeg↑ symmetry at the
bottom of the conduction band.

The gap energies, defined as«gap5ERS1EAS22EGS, are
listed in Table II. They are similar in both compounds,
agreement with the resistivity vsT curves measured on thes
samples.9 Note, however, that these gaps, which are 2–3
larger than those derived from the resistivity data, must
understood as the mean separation between the occupie
empty bands closest to the Fermi level. This is so becaus
our calculations we have neglected the dispersion of th

FIG. 9. Occupied and empty bands~not in scale! of CaMnO3

and CaMnO2.5 plotted as a function of the energy relative to the
3p level. In CaMnO2.5 the Mn 3d bands have been labeled negle
ing the crystal-field splitting due to the pyramidal symmetry (Ds
50).
n
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-
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f
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2p states. Figure 8 shows that the inclusion of the Op
bandwidth in the calculation of the RS should decrease
gap energy in approximately a half bandwidth, which is p
cisely of the order of 2–3 eV.

The reduced resistivity of the compounds with interme
ate compositions9 is assigned to the opening of the ne
charge-fluctuation channel:dpyram

4 1doctah
3 →dpyram

3 1doctah
4 ,

which, according to Fig. 9, requires the order of 1.5 eV le
energy.

In Table II we have also listed the occupancies of t
different configurations in the GS and the numbers ofd elec-
trons Nd

e and ligand holesNL
h . In both CaMnO3 and

CaMnO2.5 the occupancies of the configurationsdn and
dn11L are comparable, indicating a high degree of cov
lency. As expected, the occupancy of thedn11L configura-
tions and the number of ligand holes increase upon oxyg
ation. Note, however, that the number of holes per oxyg
atom is approximately the same in both compounds: 0.2
0.23.

An important issue concerning the carrier mobility
these compounds is the nature of the lowest-energy ex
tions. This can be examined with the help of the configu
tion occupancies in the first removal and addition sta
shown in Table III. As expected, the first AS’s are dominat
by the dn11 configurations. This means that an electr
added to the system will have a strongd character. On the
contrary, in both compounds, the first RS’s are dominated
thednL configurations, giving a majority ligand character
the holes added to the system. Moreover, it is seen fr
Table III that the ligand character of the holes increases w
the oxygenation. Therefore, the lowest-energy excitation
CaMnO3 and CaMnO2.5 involve di

n1dj
n→di

nL1dj
n11 transi-

tions, and, consequently, the gaps are of the charge-tran
type. This is in agreement with the Zaanen-Sawatzky-Al
classification scheme,19 because in both compoundsU.D.

Therefore, the parameters and the main aspects of
electronic structure of CaMnOx are similar to those of
La12xCaxMnO3,14 and so this opens the question of wh
CaMnOx does not have a metallic phase for intermediatex.
The answer to this question is not clear yet, and more wor
needed to clarify this point. We can conclude that it must
be related to the change of symmetry at the Mn site, as
have found that the crystal-field splitting plays only a min

TABLE II. Gap energies~in eV!, configuration occupancies
and numbers ofd electrons and of ligand holes in the ground sta

«gap dn dn11L dn12L2 Nd
e NL

h

CaMnO3 3.7 41.3 51.4 7.3 3.66 0.66
CaMnO2.5 3.3 48.1 46.7 5.2 4.57 0.57

TABLE III. Configuration occupancies in the first removal~RS!
and addition~AS! states.

RS AS
dn21 dnL dn11L2 dn11 dn12L

CaMnO3 9.1 65.5 25.4 85.0 15.0
CaMnO2.5 11.1 59.1 29.8 90.7 9.3
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role. Two more likely explanations for the absence of a m
tallic phase are that the electrons added to the system re
localized by the potential of the oxygen vacancies, or that
small ionic radius of Ca induces a deviation of the Mn-O-M
angle from 180° and a reduction of the transfer integral la
enough to inhibit the delocalization of the electrons.

V. SUMMARY AND CONCLUSIONS

We have studied the electronic structure of CaMnOx with
2.66<x<3.00 using x-ray photoemission and x-ray abso
tion spectroscopy. We have also analyzed the spectra o
two end members of the series with the configuratio
interaction cluster model. The spectra of CaMnO2.66 have
been compared with those calculated for CaMnO2.5 including
the reduced symmetry at the Mn site.
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We have obtained values for all the parameters that de
mine the electronic properties. We have found that
CaMnO3 and CaMnO2.5 the ground states are highly cova
lent, with approximately the same number of ligand ho
per oxygen atom in both compounds: 0.22- 0.23. With reg
to the occupied and empty electronic states, we have fo
that the main effect of the oxygenation is to shift all the M
3d bands~other than the occupiedeg↑ band! by around 1 eV
to lower energies. This determines that in CaMnO3 the high-
energy edge of the occupiedt2g↑ band nearly coincides with
the high-energy edge of the O 2p band. We have determine
that the mean separation between the empty and occu
bands closest to the Fermi level is of the order of 3 eV, a
that the gaps in CaMnO3 and CaMnO2.5 are of the charge-
transfer type.
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