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Surface and bulk electronic structure of La;_,Ca, VO3

K. Maiti,* Ashwani Kumar, and D. D. Sarrha
Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore - 560 012, India

E. Weschke and G. Kaindl
Institut fur Experimentalphysik, Freie Universitat Berlin, 14195 Berlin-Dahlem, Germany
(Received 26 June 2004; revised manuscript received 19 August 2004; published 16 Novembper 2004

We report on a photoemission study of the electronic structure of metalligCaVO,, with x=0.4 and 0.5,
using monochromatized HeHe 11, and Al Ka radiations. Hal spectra obtained using monochromatic source
exhibit large intensity for the coherent feature in contrast to the absence of this feature in the satellite sub-
tracted spectra and establish that the minimum in the photoelectron escape depth appears at a kinetic energy
<16 eV in these metallic systems. As a function of photon energy, strong modifications of the spectral function
in the valence-band region were observed, reflecting a difference in the electronic structure at the surface and
in the bulk. Detailed analyses of the observed spectra reveal that the studied materials are good metals in the
bulk, however, the surface layers are insulating as also reported earlier based on the spectra collected with
lower resolutiongMaiti et al, Phys. Rev. Lett.80, 2885(1998]. The insulating nature of the surface elec-
tronic structure can be attributed to the different local symmetry and enhanced electron correlation at the
surface as compared to the bulk. The analyses of the bulk spectra and the temperature-dependent studies at
high resolution exhibit a distinct dip in the density of states at the Fermi level that suggests a strong influence
of disorder on the electronic structure.
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[. INTRODUCTION quite different from Ca,SrVO;. LaVO; is an antiferromag-

Insulator-to-metal transitions in correlated electron sysnetic Mott-insulator with two electrons in the: band. Re-
tems form an outstanding problem in condensed matter phy&/acing some of the trivalent La by divalent Ca leads to a
ics. It has often been found that certain systems, particularlfoPing of holes into the valence band. The V-O-V bond
transition-metal oxides, though expected to be metallic du@ngle, one of the relevant parameters that determine the
to partially filled bands, exhibit insulating properties. The bandwidth, remains almost the same even in the doped
observation of an insulating behavior in such cases is attribcompositions;*® which means that one can dope holes in
uted to the strong electron-electron Coulomb repulsion enthis system without a significant change of the effective elec-
ergy U between electrons in the partially filled orbitals. Suchtron correlation strength. As observed in transport as well as
materials are known as Mott insulators. One can achieve alft photoemissionPE) measurements, 20% doping of hole
insulator-to-metal transition by reducing the magnitudéJof states into the valence band leads to an insulator-to-metal
with respect to the bandwidtW of the partially filed band, transition in this syster?
since the latter favors delocalization and hence the metallic For the metallic compositions of L.3CaV0Os, i.e., for
state. Another convenient way to transform an insulating sysx=0.20, a significant variation of the PE spectral function
tem to a metallic one is to dope it with charge carrigtec-  Was observed as a function of photon energy. X-ray photo-
trons or holes Photoelectron spectroscopy, which is highly €lectron spectréXPS) and Hel (hv=21.2 eV} PE spectra of
surface sensitive, has been extensively used to study the bulke valence band exhibited considerable density of states at
properties of transition metal oxides, always with the asthe Fermi level implying a metallic character of these mate-
sumption that the electronic structure at the surface is essefials. The Heil (hv=40.8 eV} valence-band spectra reported
tially the same as in the bulk. For most of the late transitionearlier, on the other hand, exhibited finite intensity only be-
metal oxides, this assumption has been found to bdow the Fermi level, indicating an insulating character with a
reasonablé:? finite band gay.Since the escape depthof photoelectrons

Recent investigations, however, exhibit a contrasting scehas a minimum for photoelectron kinetic energies close to 50
nario for early transition metal oxide materials such aseV,!° the observation of an insulating behavior in the iHe
Ca,_,SrVO; and La_,CaVO,. The former one is a para- PE spectra and a metallic character in the Hand Al
magnetic metal with one electron in tiieband. Here, the Ka (hv=1486.6 ey PE spectra for compositions with
substitution of Ca by Sr enhances the effective bandwidth x=0.20 was explained on the basis of a different surface
thereby reducing the effective electron correlation strengttelectronic structure as compared to the bulk. The interpreta-
U/W.34 For this system, it has been found experimentallytion of the Hell valence-band spectra of the previous study,
that the surface electronic structure is qualitatively differenthowever, was complicated by the presence of satellite struc-
from the one in the bulR:while the latter corresponds to a tures at and arounéy due to the admixture of the He
highly metallic phase, the surface is close to a metalsatellite radiation(hr=48.4 e\J from the unmonochroma-
insulator phase transition. LgCa VO3, on the other hand, is tized He photon source. Even though the PE intensity origi-
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nating from the Her* satellite radiation was removed by a ' ' ! ! !
. L . . La, Ca, VO

subtraction procedure, some ambiguities remain, since the 057708778

relative intensity of Heu* radiation as compared to He e

depends on the specific conditions used in the measurement. S W

This is particularly disturbing when the PE features close to % ,:'fﬂ%%‘

Er are low in intensity. It is therefore quite important to 2 ‘;fﬂ' 2y

verify the observation of an insulating character in theiHe CH K "‘hq‘o%-,

PE spectra by using a monochromatizediHghoton source; & :'fé‘

this was the main aim of the present study. A further incen- § g’

tive was the fact that the calculations based on linearized I

dynamical mean-field theory predicted a metallic surface ‘,

phase for a bulk-insulating material, and also suggested that © He n spectra

an insulating surface phase should not exist for a bulk : éﬁ‘;‘;ﬂ?&“;‘;‘;‘i"

metall12 While these calculations were performed for a » non-monochromatic .
half-filled s band, a situation that is significantly different 8 6 4 2 E,
from the highly degeneratéd bands in the transition metal Binding Energy (eV)

oxides, it is important to verify the validity of the previous
conclusion of an insulating surface layer on a bulk-metallic
material. Interestingly, a recent experimental observétion
and subsequent theoretical interpretatf@uggest a metallic
ground state at the surfageterface of a Mott insulator

FIG. 1. Valence band spectra of d#a VO3 recorded with
He 1 radiation from a monochromatic sour¢star§ and an un-
monochromatized UV lamgsolid circleg. The spectrum obtained
after subtraction of contributions from the Hesatellite is shown

. . ) . by open circles. The inset gives the valence-band spectra close to
(Mott-insulator and band insulagprwhich has been attrib- Er obtained with Hel and Hen radiation from monochromatic

uted to electronic reconstruction at the surface/interface. ¢ 1ce.
In the present work, we studied the spectral functions of
samples with the highest level of doping and consequentl

the strongest metallic character using monochromatized ph e ! e
9 9 P ments on these samples exhibit highly metallic conductivity

ton sources. In the Ha spectra, we indeed found some d o the | (1 t tudied so’fXPS
intensity at the Fermi level in contrast to previous observa- own 10 the lowest temperaturé studied so "> mea-

tions. By combining the spectra recorded with monochromaSurements were carried out in a combined XPS-UPS-BIS

]D_lo
tized x-ray and UV sources, the surface and bulk spectraYSW spectrometgr at a base pressure Bl mbar, us-
g monochromatized AK« radiation and an energy resolu-

functions could be separately extracted. Despite finite pg" ) ; )
intensity atEg in the Hell spectra, the surface spectral func- tion of 0.8 eVIiull width at h_alf maxmum(FWHM)], the

tion was again found to exhibit a gap B¢, confirming that samples were cooled to liquid-nitrogen temperatures. In or-
the surface electronic structure is insulating even for highl)fjer to avoid any amb|g.uny arising from the presence of the
metallic compositions. This result is discussed in terms of gatellltes associated \.N'th the Hend Heu radiations, we .
different local symmetry at the surface as compared to théIsed a monochroma_mzed UV source _from Gammadata Sci-
bulk. In addition, the spectral functions closeEp derived enta, a_nd the experiments were carried out at 78 and 7 K
from the spectra taken at temperatures of 78 &K exhibit employing a SCIENTA-SES200 eleciron analyzer. The ex-

a distinct dip at the Fermi level, which suggests thatd'sordeperimemal energy resolution was determined from the Fermi
ISt P | ever, which Sugg ! edge of Ag metal and was found to be 14 and 22 meV

g]lca%se:lesgynslzg:ﬁr;t. role in determining the electronic structure(FWHM) with He | and Henl photons, respe_ctiv_ely. The
cleanliness of each sample surface was maintained by re-

peatedin situ scrapings with an alumina file and was moni-

Il. EXPERIMENTAL tored by O Band C b spectra in the case of the XPS study,

_ L as well as by analyzing the spectra in the 9-12 eV binding-
Polycrystalline samples of LaCg,VOs (with x=0.4 and  gnergy region in the UPS study. No chemical-impurity fea-

0.5 were prepared from stoichiometric amounts of predriedy,re was observed for any of the compositions studied. Re-

La,03,CaCQ, and V;0s. After calcining at 800 °C for 24 h, - nroqucibility of the spectra with repeatéd situ scrapings
the mixtures were reduced in hydrogen atmosphere at 800 °(3o¢ confirmed for each composition.

for 24 h, and the resulting samples were melted in a dc arc
furnace in inert-gas atmosphere. For each sample, the com-
position was verified by energy-dispersive analysis of char-
acteristic x-raygEDAX) and found to be consistent with the
nominal composition. The grain sizes of all these samples The difficulties that can arise in the analysis of spectra
obtained from congruently molten states were found to beecorded with nonmonochromatized He radiations, depend-
large with strong intergrain bonding. On the basis of powdeiing on the spectral weight at the Fermi level, are illustrated
x-ray diffraction (XRD) with a JEOL-8P x-ray diffracto- in Fig. 1. Here, we show Hel spectra obtained from
meter, all synthesized samples exhibit single phase. The oxy-a5sC& VO3 using a nonmonochromatizg@olid circleg

gen stoichiometry, defined b§ in La;_,CaV03,s5 was de- and monochromatized UV sour¢starg. The intense broad
termined thermogravimetrically and found to B&-0.01 peak between 4 and 9 eV binding energies observed in both

ind 0.00 forx=0.4 and 0.5, respectively. Transport measure-

IIl. RESULTS AND DISCUSSIONS
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spectra is due to PE from Op2states, with very similar
spectral shapes in this energy region. The spectral intensity
betweerEr and 3.5 eV binding energy arises primarily from

V 3d-like state$ with the peak close to 1.5 eV binding en-
ergy being known as a signature of the lower Hubbard band
(LHB); it therefore represents electronic states that are local-
ized due to strong electron correlation, and is termed “inco-
herent feature.” The spectrum obtained by nonmonochroma-
tized He 1 radiation is significantly distorted in the 3 2 1 £,
neighborhood ofg, with a high intensity aEr and even a Binding Energy (eV)
distinct feature aboveEr. The feature aboveéeg can be
readily identified as the O Rrelated emission excited by
He i” radiation, i.e., with a photon energy that is 7.6 eV
higher than that of He radiations; such energetically shifted
replicas are often referred to as satellite features. This satel-

lite contribution can be removed by standard procedties. With the parent insulating phase La¥Cand show its XPS

The satellite corrected He spectrum is shown by open spectrum(open circley and resolution-broadened Hespec-
circles in Fig. 1; it appears to be essentially similar to the rawtrum (solid line) in Fig. 2. In spite of a substantial change in
spectrum except near and above Eeregion. Most impor-  the photon energy, there is hardly any change in the line
tantly, the satellite corrected spectrum does not exhibit anghape of the spectra for this compound. Additionally, this
noticeable intensity close to the Fermi level corresponding tdesult also establishes that the energy dependence of the pho-
the “coherent feature” representing the delocalized state¢oemission cross section across the width of this feature aris-
This suggests a band gap and an insulating character, ing from V 3d states is negligible. This insensitivity clearly
sharp contrast to the spectrum obtained with a monochromshows that the surface and bulk electronic structures are es-
tized Hell source(stars in Fig. 1, reflecting the inadequacies sentially identical in this insulating phase.

of the satellite subtraction procedure adapted earlier for the The V 3d valence-band spectra of §ga ,VO; and
metallic composition8. This problem arises primarily be- LagCéa VO3 recorded with the three monochromatic pho-
cause of the fact that the intense @ €lgnal obtained due to ton beams are displayed in Figgagand 3b), respectively.

He " photon energy overlaps with the weak coherent featurdll the spectra were normalized to the same integrated inten-
corresponding to the He spectrum. Thus, a small error in sity. Both the incoherent and coherent features appear in all
the spectral normalization leads to a significant error for théhe spectra, with a clear dominance of the incoherent feature
coherent feature. in every case. An increase in photon energy causes the rela-

In the inset of Fig. 1, we compare the valence band spedive intensity of the coherent feature to grow. This trend is
tra close toEg obtained from monochromatized Hand He  clearly observed when comparing the UPS spectra with the
Il radiations. In addition to the incoherent feature peaking akPS spectra, suggesting that the photon energy correspond-
about 1.5 eV, a finite PE intensity with a distinct structure ising to the most surface-sensitive case is close to 21.2 eV or
clearly observed aEr in the Hell spectrum. An analogous even lower. The spectral modifications with photon energy
coherent feature is also seen in the Igpectrum, consistent
with previous work® Interestingly, the intensity of the coher- @ Lla,Ca, VO, '
ent feature in the He spectrum is higher than that observed
in the Hel spectrum. Resistivity measurements clearly sug-
gest that the bulk of this heavily doped sample is highly
conducting’ Thus, this comparison suggests that the IHe
spectrum is more bulk sensitive than the corresponding He
spectrum. In other words, the mean escape depth for valence
band photoelectrons is smaller with Headiation compared
to that with Hern radiation in contrast to the usual expecta-
tion.

The escape depth of photoelectrons without suffering any
inelastic scattering strongly depends on the material proper-
ties. A system with a finite energy band gap forbids low-
energy electronic excitations below a certain energy. This
fact tends to push the minimum in the escape depth towards
higher energy in insulators. In metallic systems, however, the
presence of substantial density of states at and near the Fermi
level allows low-energy excitations. This is possibly the ori-  F|G. 3. Valence-band spectra @8) Lag¢Ca VO3 and (b)
gin of the shift in the minimum ok towards a lower energy La,Ca, VO3 recorded with Hel (dashed curve He i (solid
in the present case. curve), and Al Ka radiations(solid circleg. It is clear that the

In order to investigate the contribution of a distinct sur-increase in photon energy leads to a transfer of spectral weight from
face electronic structure to the recorded spectra, we begithe incoherent feature to the coherent feature.

o XPS
He 1 (broadened)

Intensity (arb. units)

FIG. 2. XPS valence-band spectapen circley of LaVO3. The
resolution-broadened He spectrum(solid curve reproduces the
XPS spectrum almost exactly.

Intensity (arb. units)

Binding Energy (eV)
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intensity atEr. This reflects the metallic character of the two
samples consistent with the bulk transport properties. The
large linewidth of this extracted feature is due to the experi-

(@)

g mental resolution broadening in XP spectra that are used to
5 arrive at the true bulk spectral features. Open circles repre-
£ sent the surface electronic structure with the spectra exhibit-
} : o bulk ocesdBB ) ing a single feature around 1.5 eV binding energy. No inten-
g T _O surface T sity is observed atEg, suggesting a highly insulating

g —#— simulated character for the surface layer on both samples. It turns out

that the surface spectral shape closely resembles the bulk
electronic structure of LaV§) which is an antiferromagnetic
insulator. For comparison, we plot the resolution-broadened
He I spectrum of LaVQ (solid curve shifted by about 0.1
eV to higher binding energies to match the peak position.
The similarity in the spectral functions of La\f\Gand the
extracted surface spectra of the two,L&aVO; com-
pounds is remarkable, which further establishes the insulat-
FIG. 4. Spectral functions corresponding to the bitiolid ~ INg nature of the surface layers in the latter two materials.
circles and surface (open circley electronic  structure of While the bulk is found to be metallic, an interesting ob-
La,CaVO; for (@ x=0.4 and (b) x=0.5. The resolution- Servation in the bulk spectral functions is the strong incoher-
broadened He spectrum of LaVQ (solid curve is plotted on the ~ €nt feature spreading down to about 3 eV binding energies.
surface spectra after shifting it by 0.1 eV to higher binding energiesThis suggests that strong electron correlation effects influ-
it is remarkable, how well this spectrum reproduces the surfac€nce the bulk electronic structure significantly. The presence
spectra. The stars represent the spectral function simulated by tf@f incoherent features has been observed in the doping-
sum of composition-weighted bulk spectra of the end memberglependent spectral functions calculated within a single-band
(LavVO; and CaVvQ). Hubbard model using dynamical mean-field theory
(DMFT).18 However, any reasonable value dfW does not
show that the electronic structure of L gCaVOs; is signifi-  produce such a large intensity of the incoherent feature in
cantly different at the surface and in the bulk, in Overa”presence of such large doping levels. An extension of the
agreement with earlier observatichs. calculations to include the multiband nature of the system
We now turn to the question of how to extract the within the Hubbard model does not improve the agreement
surface and bulk electronic structures from the present Petween experiment and thedrit is thus clear that present
spectra. From the energy dependence of the spectral linfeoretical results based on the homogeneous Hubbard
shape shown in Fig. 3, it ia priori not possible to consider model to incorporate the strong electron correlations are not
any of the spectra as representative for the surface or bulidequate for describing the spectral functions in these doped
spectral function. We note here that\, with d being systems. It has been observed that calculations including the
the thickness of the surface Iayer with an altered e|ectr0niﬂqhomogeneities intrinsic to such heterogeneous systems are
structure, could be estimated reliably well for,C&rVO;  more successful in describing the spectral functions of such
at various electron kinetic energiesSince the crystal systemd7:18In these cases, the local electronic structures of
structures of Ca,Sr,VO3 and Ca_,La,VO3 are very similar,  heterogeneous systems will retain their characteristic features
we assume here that/\ estimated for Ca,SrVO; for  due to the effects of disorder. A direct check would be to see
Al Kea,(d/Nxps=0.52, and for the Hel radiation if the spectral functions corresponding to the end members
(d/Mnwei=1.77, apply also to La,CaVOs;. In order to con-  generate the spectral function observed for the intermediate
firm the stability of this approach against the substantial uneompositions. This exercise has already been performed in
certainties in estimating théd/\) values, we note that a Ref. 9. However, the experimental bulk spectral function of
variation of about 15% irfd/\)ye does not give rise to no- CaVO; was not available in that study, which forced us to
ticeable changes in the extracted surface and bulk electronimlculate the bulk spectra by incorporating electron correla-
structures. These estimates (off \) suggest that while the tion perturbatively on theb initio results.
XPS spectra are characterized by about 60% of bulk elec- In the present work, we add the bulk spectra of LavO
tronic structure, only about 17% of the Hepectra should be and CaVQ (from Ref. § according to the compositions of
due to bulk contributions. If we assume that the escape deptiie two material$(e) =[2(1-X)! avo,(€) +XIcavo,(€)], where
of the photoelectrons from the valence band is about 20 A denotes the extent of doping. The results are shown by
for Al Ka radiations, we obtain an effective surface layerstars in Fig. 4. While there is a mismatch in relative intensi-
thickness of about 10 A, corresponding to about 3 atomidies of the coherent and incoherent features, the presence of
layers. The escape depth for valence electrons in UPS thdarge intensities from the incoherent features is clearly vis-
turns out to be about 6 A. ible in the simulated spectra, in agreement with the extracted
The extracted surface and bulk spectral functions obulk spectra shown for the two materials. This finding is
La; ,CaVO; are plotted in Figs. @) and 4b) for x=0.4 and  quite significant considering the crudeness of this simulation.
0.5, respectively. The extracted bulk spectral functions ardt suggests that the remnants of the electronic structures of
shown by solid circles, revealing a relatively high spectralLaVO; and CaVQ are somewhat retained in the compounds

Binding Energy (eV)
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——LDA DOS
N, (Cavoy)
R

7K %
78 K

with intermediate compositions, as suggested by previous (a) He 1
theoretical result$ Thus, the correct description of the elec-
tronic structure in this system needs a proper theoretical
model, which would provide a rigorous basis for understand-
ing the physical properties of these heterogeneous systems.
The observed differences in the electronic structure of sur-
face and bulk in these materials may be attributed to a
change in the crystal-field symmetry at the surface and a I R
difference in the electron correlation strength as described 3 2 1 £
below. The crystal structures of the end members Lg%/ Binding energy (eV)
CaV0; are both orthorhombic, where six oxygens form an
octahedral cluster around V. These y@rtahedra in the two
materials are nearly regular, with very small distortions. The
regular octahedral crystal field splits tdéband into a triply
degeneratd,; band and a doubly degenerag band. The
up-and-down-spirt,, bands are split by a large exchange
splitting J~ 1 eV. Therefore, the two electrons in tbdand
occupy the up-spit,y band and assume a high-spin configu-
ration. The insulating phase in this partially filled system is ¢ , ,
known to arise from strong electron correlation. This is con- 150 100 50 E,
sistent with the fact that the bulk system transforms readily Binding Energy (meV)
to a metallic state when doped by a fractional hole per V site.
The surface, however, may exhibit a different symmetry. If FIG. 5. (8) He Il spectra of LgCa.,VO3 at 78 and 7 K. The
the surface layer consists of a V-O layer, one apical oxygeﬁOI'd line shows the calculated TDOS of Cay@€orresponding to
of the VO, octahedra will be missing. Alternatively, if a 1€ tzg band.(b) Spectra shown on an expanded scale closéto

La-O layer is the terminating layer, ensuring an octahedrap©'d and open circles represent the 7 and 78 K spectra, respec-
arrangement of oxygen around the V ions, a strong distortiorli:/ely' The spectral functions obtained by dividing the spectra by
the resolution-broadened Fermi-Dirac distribution function and

is expected QUe to. the absence .Of "’.“.‘y further'at'omlc? Iayer%‘moothing are shown by the soli@d K) and the dashed curv¢gs
Both scenarios will lead to a significant deviation in the

Ifield f h hed field K), respectively. The inset shows the spectral DOS at 7 K obtained
crystal-field symmetry from the octahedréDy) field to- by dividing the Fermi distribution functions wit- estimated from

wards aD,, symmetry. Defining the surface normal as the  ng_Fermi edgesolid line) andEr shifted by +4 meV(dashed and
axis, dy, andd,, electrons are expected to experience a simiyotted lines.

lar crystal field, thereby forming a doubly degener
band; this band will be lower in energy than tig band. to a homogeneously occupied fractional valence configura-
Thus, the twad electrons will completely fill the up-spig;  tion. Both the configurationd® andd? are closed-shell con-
band, with all other bands being empty. It is interesting tofigurations, corresponding to band-insulating phases and
note here that while the insulating phase appears in the bultherefore represent particularly stable ground states as com-
electronic structure due to the presence of strong electropared to that of the® electronic state. In addition, a larger
correlation, the different crystal symmetry is expected to reU/W at the surface is known to lead to a phase separation, as
sult in a band-insulating phase in the surface electronic stru@lso observed in other systedsSuch charge disproportion-
ture. In addition, the absence of periodicity along the surfacations (2d*— d°+d?) at the surface have indeed been ob-
normal will lead to a narrowing of they band. Significant served in otherd® systems, such as CayGnd SrvQ.?>
narrowing for thed,, andd,, bands has indeed been observedThus, the observation of the insulating surface electronic
by Liebsch!® while the d,, band exhibits similar band dis- structure can be attributed to a phase separation in the doped
persion as that in the bulk. Such a band narrowing leads to acompositions, with the tendency towards such a phase sepa-
enhancement of the effective electron correlation strength. ration being enhanced in the surface layer due to the different
Doping of hole states via substitution of trivalent La ions crystal-field symmetry and enhanced electron correlation as
by divalent Ca ions reduces the electron count from 2 in theompared to the bulk.
d bands. It has been found both from transport studies and We now investigate the temperature dependence of the
photoelectron spectroscopy that 20% hole doping leads to aspectral function close t&g in these highly correlated me-
insulator-to-metal transition in the bulk of this material. tallic systems using high energy resolution. ThelHspectra
However, as shown by the present results, the doped compof La, (Ca, sVO; collected at 7 and 78 K are shown in Fig. 5.
sitions exhibit an insulating surface electronic structure evemhe spectra shown were normalized to the same integrated
for the highest doped samples studied so far. Such an obséntensity. The incoherent feature representing the contribu-
vation may not be unreasonable considering the previouslsions from both the surface and bulk electronic structures
mentioned possibility that two electrons in the surface elecexhibits significant modifications in line shape, while the en-
tronic states of the parent compound Lay/@@rm a com- ergy range(3 to 12 eV binding energi¢xontaining essen-
pletely filled e; up-spin band; this is a stable electronic tially O 2p spectral contributiongnot shown hergremains
ground state. Thus, Ca substitution would tend to lead to aalmost unchanged with temperature. This suggests that the
admixture ofd® andd? electronic configurations rather than changes observed in the \d3pectral region in Fig.(®) are

LaOAﬁcaOAVOa

Intensity (arb. units)

7K

Intensity (arb. units)
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intrinsic, representing some changes in the underlying eledishing this observation beyond the uncertainties of experi-
tronic structure. Temperature-dependent changes in the spemental determination oEgr. While band structure results
tral line shape have indeed been found in various calculacannot explain this dip, according to Altshuler-Aronov
tions using dynamical mean-field approa@MFT) in the  theory?: disorder in an interacting metallic system leads to a
limit of infinite dimensions:®2* While the trend of the vari- decrease in density of states at the Fermi level. Such an
ous observed changes is similar to that obtained in the capffect has been observed in other transition metal oxitles.
culations, the relative change in intensity of the incoherentl hus, the observation of the dip Bt may be attributed to
feature seems to be much larger as compared to that in e eff_ect of dlsorder_ansmg due to heterovalent substitution
coherent features. of Ca in place of La in these systems.

_In Fig. 5(b)_, we plot the near-Ferm?-Ie\(eI regi(_)n, which IV. CONCLUSIONS
arises essentially due to the bulk contributions. It is clear that ) ] )
the intensity of the coherent feature is lower at 78 K as !N summary, we have investigated the electronic structure
compared to 7 K. In order to check the thermal effect in®f L&1-CaVOs, for x=0.4 and 0.5, using monochromatic
terms of the Fermi-Dirac statistics controlling occupancies of0ton sources. We observed finite spectral intensity at the

states, we divided the spectral functions by the resolutiorg g&mlelﬁxeééﬂtﬁggt Toe“ rsgvﬁggg ﬂse'ggeitgoré%(ﬁrerg{ggt}fﬁd
broadened Fermi-Dirac distribution function at the corre- P P :

- . . -~ satellite contributions. This demonstrates that the use of a
sponding temperature. Since the experimental resolutio

J o onochromatic photon source is essential when there are
broadening is rather smalt-10 meV), the divided spectra  janning features. The spectral functions corresponding to

provide a good approximation for the spectral functionsyhe jnsulating phase were found to be independent of the
without the thermal influence. o photon energy suggesting identical electronic structures at
In order to investigate any possible influence of bandthe surface and in the bulk. In the metallic compositions,
structure effects, we have calculated the electronic banflowever, a significant modification of the spectral function
structure of CaVv@ within the local density approximation was observed with the probing photon energy. The gradual
using linearized muffin-tin orbital method within the atomic decrease in coherent-feature intensity with a decrease in pho-
sphere approximatiolLMTO-ASA). The convergence was ton energy down to 21.2 eV in the metallic samples indicates
achieved with 216k points within the Brillouin zone. The that the minima in the escape depth of the valence photoelec-
calculated total density of states, arising from thgband, is  trons in the metallic compositions appears at kinetic energies
shown in Fig. %a). It is evident from the figure that the <16 eV. We extract the surface and bulk spectral functions
density of states continuously increases with the decrease lpased on the spectra obtained using monochromatized
binding energy. In contrast to this calculated result, we obsources. The absence of the coherent feature in the surface
serve a distinct dip at the Fermi level in the experimentalspectra establishes that the surface of this system is insulat-
spectra. ing. Such an insulating nature can be attributed to the differ-
It is important to note here that the spectral density ofent symmetry and enhanced electron correlation strength at
states generated by the division of the Fermi distributiorthe surface as compared to the bulk. While the bulk spectra
function is sensitive to the precise location of the Fermi levelindicate highly metallic character consistent with their bulk
Er. Therefore, a careful determination of the Fermi level isproperties, the bulk electronic structure is still dominated by
necessary for this purpose. We have determiBedy the the incoherent feature. The spectra at low temperatures re-
Fermi cut off observed for silver at each temperature with ecorded with high-energy resolution exhibit a dip at the Fermi
small step size(1 meV) and found it to be highly levelindicating strong influence of disorder on the electronic
reproducibl€? It is, however, necessary to verify whether a structure.
small change in the location & can influence the spectral
DOS and consequently render our conclusions uncertain. We,
thus, divided the experimental spectra by the resolution- The authors thank A. Liebsch for useful discussions and
broadened Fermi-Dirac distribution function with the defini- the Department of Science and Technology, Government of
tion of Er shifted from the experimentally determined posi- India, for financial assistance. The work in Berlin was sup-
tion by £4 meV. The resultant spectral DOS are shown in theorted by the Deutsches Zentrum fir Luft- und Raumfahrt
inset of Fig. %b) by dashed and dotted lines. In all the casesg.V., Project No. INI-012-99, and the Deutsche Forschungs-
the dip in the spectral intensity Bt is clearly visible, estab- gemeinschaft, Grant No. Sfb-290, TP A06.
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