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Abstract
We studied the electronic structure of the band-filling CaVO3 and LaVO3 compounds. The
experimental techniques were photoemission (PES) and x-ray absorption (XAS) spectroscopy.
The experimental results were analyzed using an extended cluster model. The ground states of
CaVO3 and LaVO3 are highly covalent and contain a considerable 3dn+1L contribution. The
CaVO3 compound is in the charge transfer regime (� < U ), whereas the LaVO3 material is in
the intermediate regime (� ∼ U ). The spectral weight distributions reveal that CaVO3 is a
coherent metal and that LaVO3 is a p–d insulator. The photoemission of CaVO3 shows the
coherent peak (3d1C) and the incoherent feature (3d1L). The spectrum of insulating LaVO3

presents only the incoherent structure (3d2L), whereas the coherent peak is replaced by the
Mott–Hubbard screening (3d2D). This transfer of spectral weight is responsible for the opening
of the experimental bandgap. The incoherent feature contains a considerable O 2p character and
cannot be attributed to the lower Hubbard band. Further, the relative V 3d–O 2p cross section
helps to explain the photon energy dependence of the PES spectra. The addition spectra of both
CaVO3 and LaVO3 are dominated by the 3dn+1 final state configuration. The distribution of
spectral weight is mainly dictated by intra-atomic exchange and crystal field splittings. The
coherent contribution is less important than in photoemission, and is greatly diminished in the
O 1s x-ray absorption spectra.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The transition metal oxides attract considerable attention
due to their interesting physical properties. The origin
of these properties is intimately related to the precise
details of their electronic structure. In turn, the electronic
structure of these compounds can be modified by means
of chemical substitution. This method produces high
temperature superconductivity in La2−xSrx CuO4 and colossal

magnetoresistance in La1−xSrx MnO3. Substitution also
generates metal–insulator transitions (MIT) in many early
transition metal compounds. These transitions can be driven
by changes in the metal 3d bandwidth and/or in the 3d band
filling [1]. The present work is concerned with the electronic
structure of the band-filling CaVO3 and LaVO3 compounds.

The structure of CaVO3 and LaVO3 is a distorted
orthorhombic perovskite with a V–O–V angle of 160◦ and
158◦, respectively. The substitution from divalent Ca2+ to
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trivalent La3+ changes the nominal valence from V4+ (3d1)
to V3+ (3d2), respectively. The effective V 3d bandwidth is
not affected because the structural distortion in CaVO3 and
LaVO3 is almost the same. The changes in the electronic
structure of the La1−xCax VO3 series are thus due to band-
filling and not bandwidth effects. The CaVO3 material is a
highly correlated paramagnetic metal [2, 3], whereas LaVO3 is
an antiferromagnetic insulator with a bandgap of 1.1 eV [4]. In
addition, the LaVO3 compound presents a complex spin- and
orbital-ordering phenomena as a function of temperature [5, 6].
The metal–insulator transition in the La1−x CaxVO3 series
appears at a critical concentration of about xC = 0.2–0.3 [7].

The V 3d photoemission (PES) of CaVO3 presents a
coherent peak and an incoherent feature [8, 9], whereas the
corresponding spectrum of LaVO3 presents only the incoherent
structure [10]. The dynamical mean-field theory (DMFT)
attributed the coherent peak to quasi-particle excitations,
whereas the incoherent structure was ascribed to the remnant of
the lower Hubbard band [11–13]. The variation in the spectra
with photon energy was assigned to changes in the bulk/surface
contributions [14–17]. The x-ray absorption (XAS) spectrum
of CaVO3 presents also a double-peak structure, which
was attributed to the coherent peak and the upper Hubbard
band [18, 19]. The same interpretation was used to describe
the structures in the related bremsstrahlung isochromat (BIS)
spectrum [20].

We studied the electronic structure of CaVO3 and
LaVO3 using photoemission (PES) and x-ray absorption
(XAS). The experimental results were interpreted using exact
diagonalization of an extended cluster model. The ground
state of these compounds is highly covalent and dominated
by the charge transfer 3dn+1L configuration. The coherent
peak is related to a coherent screening and the incoherent
structure to a ligand screening. The incoherent feature in PES
contains considerable O 2p character, which helps to explain
the photon energy dependence of the spectra. The structures
in the XAS and BIS spectra are mainly related to the t2g and
eg sub-bands, and the distribution of spectral weight is mostly
dictated by exchange and crystal field effects. Finally, the
coherent contribution to the XAS/BIS (addition) spectra is not
as dominant as in the PES (removal) spectra.

2. Calculation details

The Hamiltonian of the extended cluster model can be
separated into the intra- and inter-cluster components:

H = Hintra + Hinter. (1)

The intra-cluster part describes the V 3d–O 2p charge
fluctuations within a single regular VO6 octahedron. The
corresponding Hamiltonian is given by

Hintra =
∑

m,σ

εd
m,σd+

m,σdm,σ +
∑

m,σ

ε p
m,σ p+

m,σ pm,σ

+
∑

m,σ,m′ ,σ ′
(U − Jδσ,σ ′)d+

m,σdm,σd+
m′,σ ′dm′,σ ′

+
∑

m,σ

Tm(d
+
m,σ pm,σ + H.c.), (2)

Table 1. Energies of the first configurations in the removal, ground
and addition states of the 3d1 metallic CaVO3 compound.

Removal state Ground state Addition state
Config. Energy Config. Energy Config. Energy

d0 U d1 0 d2 0
— — d0 C U–�∗ d1C −�∗
d1C �∗ d2C �∗ d3C �∗ + U
d1L � d2L � d3L �+ U
d2C2 2�∗ d3C2 2�∗ +U d4C2 2�∗ +3U
d2CL �∗ +� d3CL �∗ +�+ U d4CL �∗ +�+ 3U
d2L2 2� d3L2 2�+ U d4L2 2�+ 3U

where d+
mσ (pmσ ) creates (annihilates) a V 3d (O 2p) electron

with energy εd
mσ (εp

mσ ). The index m refers to the orbital
symmetry (t2g or eg) and the index σ denotes the different
spins.

The main parameters of the intra-cluster contribution are:
the p–d charge transfer energy � = εd–εp + U , the d–d
Mott–Hubbard energy U and the symmetry dependent p–d
hybridization Tm [21, 22]. The multiplet splitting is caused
by crystal field effects (10 Dq), intra-atomic exchange (J ) and
the p–p transfer integral (ppπ–ppσ ) [23].

The Hamiltonian is solved by exact diagonalization within
the configuration interaction method. The ground state is
expanded as a combination of the dn, dn+1L, dn+2L2, etc,
charge transfer configurations, where L denotes a hole in the
ligand band [21, 22]. The different removal (addition) states
are obtained by removing (adding) an electron from (to) the
ground state. Finally, the removal and addition spectral weight
is obtained using the sudden approximation:

A(ω) =
∑

i

|〈ψN−1
i |Ô|ψN

0 〉|2δ(ω − E N−1
i + E N

0 )

+
∑

i

|〈ψN+1
i |Ô+|ψN

0 〉|2δ(ω − E N+1
i + E N

0 ), (3)

where Ô is the corresponding transition operator, ψN
0 (E N

0 )
is the ground state vector (energy), ψN−1

i (E N−1
i ) is the i th

removal state vector (energy) and ψN+1
i (E N+1

i ) is the i th
addition state vector (energy).

The inter-cluster contribution in the metallic phase
corresponds to charge fluctuation from a coherent state. The
metallic inter-cluster Hamiltonian is given by

H met
inter =

∑

m,σ

εC
m,σC+

m,σCm,σ +
∑

m,σ

T ∗
m(d

+
m,σCm,σ + H.c.), (4)

where C+
mσ creates a coherent electron with energy εC

mσ .
The additional parameters of the metallic inter-cluster

component are: the coherent charge transfer energy �∗ = εd–
εC + U and the effective hybridization with the coherent states
T ∗ [24, 25].

The expansion of the metallic ground state then includes
the dn+1C, dn−1C, dn+2CL, dn+2C2, etc, configurations, where
C denotes a hole in the coherent band [24, 25]. The energies
of the first configurations in the metallic removal, ground and
addition states are given in table 1.

The inter-cluster contribution in the insulating phase
corresponds to Mott–Hubbard charge fluctuations. The
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Table 2. Energies of the first configurations in the removal, ground
and addition states of the 3d2 insulating LaVO3 compound.

Removal state Ground state Addition state
Config. Energy Config. Energy Config. Energy

d1 U d2 0 d3 0
d2D �′ d3D �′ d4D �′ +U
d2L � d3L � d4L �+ U
d3D2 2�′ d4D2 2�′ +U d5D2 2�′ +3U
d3DL �′ +� d4DL �+�+ U d5DL �′ +�+ 3U
d3L2 2� d4L2 2�+ U d5L2 2�+ 3U

Table 3. Values of the main parameters used in the cluster model
calculations (all values in eV).

Parameters CaVO3 LaVO3

� 2.0 3.8
U 5.0 4.2
Tσ 2.8 3.1
10 Dq 1.5 1.8
J 0.40 0.50
ppπ–ppσ 0.80 0.80
�∗ 0.55 —
T ∗ 0.22 —
�′ — 4.2
T ′ — 0.42

insulating inter-cluster Hamiltonian is given by

H ins
inter =

∑

m,σ

εD
m,σ D+

m,σ Dm,σ +
∑

m,σ

T ′
m(d

+
m,σ Dm,σ + H.c.), (5)

where D+
mσ creates an electron in the nearest-neighbor V 3d

state with energy (εD
mσ ).

The additional parameters of the insulating inter-cluster
component are: the Mott–Hubbard charge transfer �′ = εd–
εD + U and the hybridization with the nearest-neighbor V 3d
state T ′ [26].

The expansion of the insulating ground state then includes
the dn+1D, dn+2DL, dn+2D2, etc, configurations, where D
denotes a hole in the nearest-neighbor V 3d state [26]. The
energies of the first configurations in the insulating removal,
ground and addition states are given in table 2.

Figure 1 depicts the different charge fluctuations in the
metallic and insulating phase. The intra-cluster transitions
from the O 2p states (�, T ) are present in both phases. The
metallic inter-cluster fluctuations (top panel) correspond to
transitions from coherent states (�∗, T ∗). These coherent
fluctuations are related to the low energy excitations in
the metallic phase. In fact, the periodic p–d model can
be regarded as a single cluster embedded in an effective
medium [27]. Finally, the insulating inter-cluster part (bottom
panel) represents transitions from a nearest-neighbor V 3d state
(�′, T ′).

The values of the main cluster model parameters used in
the present calculation are listed in table 3. These values were
taken from a compilation for early transition metal compounds
and follow a clear chemical trend [28]. In addition, the same
set of parameters can reproduce not only the valence and
conduction states, but also the core level spectra [29].

Figure 1. Schematic representation of the extended cluster model. In
the metallic phase (top panel) the charge fluctuations considered are
the intra-cluster ligand screening and the inter-cluster coherent
screening. In the insulating phase (bottom panel) the charge
fluctuations considered are the intra-cluster ligand screening and the
inter-cluster Mott–Hubbard screening.

3. Experimental details

The CaVO3 and LaVO3 samples were single crystals grown
using the floating zone method. The samples presented
a single-phase structure as confirmed by powder x-ray
diffraction (XRD). The composition of the samples was
confirmed using x-ray photoelectron spectroscopy (XPS). The
samples were repeatedly scrapped with a diamond file to
remove the surface contamination. The surface quality was
confirmed by the absence of a shoulder in the O 1s XPS
spectra [29].

The x-ray photoemission spectra (PES) were measured
at the SXS beamline in the LNLS, Brazil [30]. The samples
were at room temperature and the base pressure was around 1–
2 × 10−9 mbar. The photon energy was set to 1840 eV and the
energy resolution was about 0.4 eV. The mean probing depth of
PES at this photon energy was approximately 30 Å [31]. The
spectra were normalized to the maximum and the energy scale
was calibrated using a clean gold foil. The V 3d photoemission
spectra of CaVO3 and LaVO3 were already presented in [29].

The O 1s x-ray absorption spectra (XAS) were measured
at the SGM beamline in the LNLS, Brazil. The samples
were at room temperature and the base pressure was around
5 × 10−9 mbar. The spectra were taken in the total electron
yield method by measuring the drift current. The mean probing
depth of XAS in this photon energy range was approximately
50 Å [31]. The energy resolution was set to around 0.5 eV and
the energy scale was calibrated with reference samples. The
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Table 4. Occupation of the main configurations in the ground state
of CaVO3 and LaVO3.

CaVO3 LaVO3

Config. Occup. Config. Occup.

3d1 29% 3d2 41%
3d2L 47% 3d3L 46%
3d2C 12% 3d3D 1%

spectra were normalized to the maximum after the subtraction
of the background.

4. Results and discussion

4.1. Ground state properties

Table 4 shows the main contributions to the ground states
of the CaVO3 and LaVO3 compounds. The ground state of
CaVO3 is highly covalent with a mean V 3d occupancy of
about 1.7 electrons. The main contribution is given by the 3d2L
configuration because of the relatively large Tσ hybridization.
On the other hand, the contribution of the 3d2C configuration is
smaller, mostly because of the reduced value of the T ∗ mixing.

The ground state of LaVO3 is also highly covalent with
a mean V 3d occupancy of around 2.4 electrons. The main
contributions are given by the 3d2 and 3d3L configurations,
mostly due to the relatively large value of Tσ . In contrast,
the 3d3D configuration is strongly suppressed due to the large
value of �′ and the small value of T ′. The reduced occupation
of the non-local 3d3D configuration is consistent with the
insulating character in LaVO3.

The large occupation of the 3d2L configuration shows that
CaVO3 is actually a charge transfer compound (� < U ) [32].
However, the lowest energy charge excitations below indicates
that CaVO3 is a highly correlated metal (�∗ < U ). On
the other hand, the similar occupation of the 3d2 and 3d3L
configurations shows that LaVO3 is in the intermediate regime
(� ∼ U ) [32]. These results indicate that the CaVO3 and
LaVO3 compounds cannot be classified in the Mott–Hubbard
regime [28].

4.2. The removal and addition spectra

Figure 2 presents the calculation of the total and partial spectral
weight of the CaVO3 material. The total spectrum corresponds
to the combination of the removal and addition spectra. The
discrete transitions were convoluted with a Gaussian function
to simulate the band dispersion. The labels in the figure denote
the configuration which gives the main contribution to each
final state.

The removal spectrum of CaVO3 is composed of two
features: the coherent peak, about −0.6 eV, is mostly formed
by the coherent screened 3d1C configuration (30%), and the
incoherent peak, around −1.8 eV, is mainly due to a ligand
screened 3d1L configuration (40%). The energy position of
the coherent peak is about �∗ and of the incoherent feature is
around �.

On the other hand, the addition spectrum of CaVO3

consists of two main structures at 0.8 and 2.9 eV. The first

Figure 2. The removal and addition spectra of CaVO3 projected into
the main (coherent, O 2p, and V 3d) contributions. The labels in the
total spectrum represent the main configuration of each final state.

feature is formed by the coherent peak, around 0.5 eV,
which is mainly related to the 3d1C configuration (60%), as
well as the majority and minority t2g peaks, around 0.6 and
0.9 eV, respectively, which are mostly assigned to the 3d2

configuration (50–60%). The second feature is formed by the
majority and minority eg peaks, about 2.7 and 3.0 eV, which
are mainly related to the 3d2 configuration (60–70%). The
majority and minority states are split about J , whereas the
splitting of the t2g and eg states is around 10 Dq.

There are three main contributions to the removal and
addition spectra of the CaVO3 compound: (i) the coherent
contribution (removal or addition of a coherent electron)
which is concentrated around the Fermi level; (ii) the oxygen
contribution (removal or addition of an O 2p electron) which
is spread almost equally throughout the spectra and (iii) the
vanadium contribution (removal or addition of a V 3d electron)
which dominates the addition spectra region.

The lowest energy charge fluctuation in CaVO3 is from
the first removal (3d1C) to the first addition (3d1C) state. This
charge fluctuation is of the coherent type and gives rise to the
metallic character of this material. For this reason, the CaVO3

material should be properly classified as a highly correlated
coherent metal (�∗ < U ). This transition involves an electron
and is thus consistent with the observed negative Seebeck
coefficient [7].

Figure 3 shows the calculation of the total and partial
spectral weight of the LaVO3 compound. The removal
spectrum of LaVO3 presents the incoherent peak about
−1.8 eV, which is mostly formed by the ligand screened 3d1L
configuration (45%). The coherent screening (3d1C) in CaVO3

is replaced by the Mott–Hubbard screening (3d2D) in LaVO3.
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Figure 3. The removal and addition spectra of LaVO3 projected into
the main (Mott–Hubbard, O 2p, and V 3d) contributions. The labels
in the total spectrum represent the main configuration of each final
state.

This non-local screened final state appears at higher energies
opening the bandgap in insulating LaVO3. The energy position
of the incoherent feature is about � and of the Mott–Hubbard
structure is around U .

On the other hand, the addition spectrum of LaVO3

presents two main structures at 1.8 and 3.9 eV. The first feature
is formed by the majority and minority t2g peaks, around 1.0
and 1.9 eV, which are mostly assigned to the 3d3 configuration
(60–70%). The second feature is due to the majority and
minority eg peaks, at about 3.3 and 4.1 eV, which are mainly
related to the 3d3 configuration (65–75%). The majority and
minority states are split about 2 J, whereas the splitting of the
t2g and eg states is around 10 Dq.

There are only two main contributions to the removal
and addition spectra of the LaVO3 compound: (i) the oxygen
contribution (removal or addition of an O 2p electron) which
is again spread throughout the spectra and (ii) the vanadium
contribution (removal or addition of a V 3d electron) which
dominates the addition spectra region. The Mott–Hubbard
contribution (removal or addition of a neighbor electron)
appears mostly at higher energies.

The lowest energy charge fluctuation in LaVO3 is from
the first removal (3d2L) to the first addition (3d3) state. This
charge fluctuation is of the p–d type despite the similar values
of the � and U parameters. The LaVO3 compound is thus a
p–d insulator, consistent with the observed positive Seebeck
coefficient [7]. The calculated bandgap, about 1.4 eV, is
slightly higher than the experimental value, around 1.1 eV [4].

Figure 4. Experimental and calculated V 3d band photoemission
spectra of CaVO3 and LaVO3. The calculated spectrum (solid line) is
the sum of the removal spectrum (dashed line) and an integral
background (dotted line).

4.3. Photoemission spectra

Figure 4 compares the calculated and experimental V 3d band
photoemission of CaVO3 and LaVO3. The total spectrum
(solid line) is the sum of the calculated spectrum (dashed
line) and an integral background (dotted line). The labels
in the spectra denote the configuration which gives the main
contribution to each final spectrum.

The spectrum of CaVO3 presents the coherent peak at
about −0.6 eV, which is mainly related to the coherent
screened 3d1C configuration, and the incoherent structure
around −1.8 eV, which is due mostly to the ligand screened
3d1L configuration. The spectrum of LaVO3 shows only the
incoherent peak at about −1.8 eV, which is mostly due to the
ligand screened 3d2L configuration. The coherent screening
is replaced by the Mott–Hubbard screened 3d2D configuration
around −5.3 eV.

The changes in the spectra of CaVO3 and LaVO3 are
related to the different screening mechanisms. The coherent
screening costs a relatively small �∗ ∼ 0.55 eV and produces
the coherent structure in metallic CaVO3. On the other hand,
the Mott–Hubbard screening costs a relatively large �′ ∼
4.2 eV and opens the bandgap in insulating LaVO3.

The coherent and incoherent structures in Mott–Hubbard
systems are usually assigned to V 3d states [11–13]. In
particular, the coherent peak is attributed to quasi-particle
excitations and the incoherent feature to the lower Hubbard
band. However, the present results show that the incoherent
feature presents considerable O 2p character (3dnL). Further,
the main 3dn−1 contribution to the removal spectrum is, in fact,
located at higher energies, around U [29].

5
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Figure 5. Calculated removal spectra of CaVO3 compared to the
photoemission spectra taken at high energy (1840 eV) and low
energy (60 eV), from [20]. The photon energy dependence of the
spectra is related to the considerable O 2p character in the incoherent
structure and the relative V 3d/O 2p cross section.

Figure 5 compares the photoemission spectra of CaVO3

taken at 60 eV (from [20]) and 1840 eV. The spectra present
the coherent and incoherent peaks in both cases, but the
intensity of the incoherent feature decreases at higher energies.
This is usually attributed to an increase in the mean free
path of the photoelectrons and the ensuing decrease of the
incoherent feature, which would be mainly concentrated at the
surface [14–17].

The present calculation explains the changes in the spectra
in terms of relative V 3d/O 2p cross sections. The V 3d and
O 2p cross sections decrease for higher photon energies, but
the cross section of the O 2p level decreases more rapidly.
The incoherent peak diminishes because it contains a much
larger contribution from the O 2p states. The calculated
spectra, weighted with the relative cross sections, are in good
agreement with the experiment, see figure 5.

4.4. O 1s X-ray absorption

Figure 6 shows the O 1s x-ray absorption (XAS) spectra of
the CaVO3 and LaVO3 compounds. These correspond to
transitions from the O 1s level to unoccupied O 2p levels mixed
with V 3d states. The CaVO3 spectrum presents two peaks at
529 and 531.1 eV, which are assigned to the V 3d t2g and eg

bands, whereas the structure from 535 to 538 eV is related to
the Ca 3d band.

The LaVO3 spectrum shows two peaks at 529.4 and
530.3 eV, which are related to the majority and minority V 3d
t2g bands. The structure from 531 to 533 eV is assigned to the

Figure 6. O 1s x-ray absorption spectra of CaVO3 and LaVO3

compared to the calculated O 2p addition states. The labels in the
spectra represent the main configuration of each final state. The
spectral weight distribution is dominated by exchange and crystal
field effects.

majority and minority V 3d eg bands, which are overlapped
with the La 5d band from 531 to 538 eV.

The V 3d part of the experimental results is compared
to the calculated O 2p addition spectra, see figure 6. The
calculated transitions were rigidly shifted to take into account
the binding energy of the O 1s core level. The labels in
the spectra denote the configuration which gives the main
contribution to each final.

The CaVO3 spectrum is composed by two peaks: the
structure at 529 eV comes from the addition of a majority and
minority t2g electron (t2

2g), whereas the addition of a coherent

electron (3d1C) is strongly suppressed. On the other hand, the
feature at 531.1 eV is formed by the addition of a majority and
minority eg electron (t2geg).

The LaVO3 spectrum is composed by several features: the
peaks at 529.4 and 530.3 eV are related to the addition of a
majority and minority t2g electron (t3

2g), and the structure from
531.9 to 532.7 eV is assigned to the addition of a majority and
minority eg electron (t2

2geg). The comparison with the V 3d eg

states is difficult due to the fortuitous overlap with the La 5d
band.

The first structure in the spectrum of CaVO3 was attributed
to the coherent peak and the second feature to the upper
Hubbard band [19]. The present results indicate that the
coherent contribution (3d1C) to the first structure is relatively
small. In fact, the main features in the spectrum are mostly
due to the addition of a V 3d electron, and the spectral shape
is mostly due to crystal field effects (10 Dq) and intra-atomic
exchange (J ).

6
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Figure 7. Calculated addition spectra of CaVO3 compared to the
O 1s x-ray absorption (top panel) and bremsstrahlung isochromat
(bottom panel) spectra, from [20]. The spectral weight is dominated
by exchange and crystal field splittings. The coherent contribution is
not dominant in the BIS spectrum and appears greatly diminished in
the XAS spectrum.

Figure 7 compares the O 1s XAS and the bremsstrahlung
isochromat (BIS) spectra of CaVO3 (from [20]). The XAS
spectrum presents two peaks at 528 and 531.1 eV which are
related to the V 3d t2g and eg bands. Note again that the
coherent contribution (3d1C) is strongly suppressed in the O 1s
XAS spectrum.

The BIS spectrum also presents two structures: the first
feature at 0.8 eV presents contributions from the coherent and
the V 3d t2g bands, whereas the second structure at 2.9 eV is
due to the V 3d eg band. The coherent contribution (3d1C) to
the first peak is relatively larger than in the O 1s XAS spectrum.

The first peak in the XAS spectra of transition metal
oxides is usually more prominent than in the BIS spectra.
This happens because the matrix elements involved in the
transition probabilities are different in each technique. The
XAS technique probes the unoccupied O 2p states, whereas
the BIS spectra is mostly related to the V 3d unoccupied states.
Nevertheless, they share some similarities: (i) the coherent
contribution to BIS and XAS is not as influential as in the
photoemission spectra and (ii) the spectral shape is dominated
by crystal field and exchange effects.

5. Summary and conclusions

In summary, we studied the electronic structure of the band-
filling CaVO3 and LaVO3 compounds. The experimental
techniques used here were x-ray photoemission (PES) and
absorption spectroscopy (XAS). The results were interpreted in
terms of an extended cluster model which includes intra- and
inter-cluster terms.

The ground states of CaVO3 and LaVO3 are highly
covalent and contain a considerable 3dn+1L weight. The
CaVO3 compound is in the charge transfer (� < U ), whereas
the LaVO3 material is in the intermediate regime (� ∼
U ). The spectral weight distributions reveal that CaVO3 is a
coherent metal and that LaVO3 is a p–d insulator. These results
are consistent with the negative (positive) sign of the Seebeck
coefficient for CaVO3 (LaVO3).

The V 3d photoemission of CaVO3 shows the coherent
peak (3d1C) and the incoherent feature (3d1L), whereas the
corresponding spectrum of LaVO3 presents only the incoherent
structure (3d2L). The replacement of the coherent peak by
the Mott–Hubbard screening opens the bandgap in insulating
LaVO3. The incoherent feature contains a considerable O 2p
character and cannot be attributed to the lower Hubbard band.
Further, the relative V 3d–O 2p cross section helps to explain
the photon energy dependence of the PES spectra.

The addition spectra of both CaVO3 and LaVO3 are
dominated by the 3dn+1 final state configuration. The
distribution of spectral weight is mainly dictated by intra-
atomic exchange and crystal field splittings. The coherent
contribution is less important than in photoemission, and is
greatly diminished in the O 1s x-ray absorption spectra.
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