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Electronic structure of Y,_,Ca,BaNiOg from photoemission and inverse photoemission
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We investigate the electronic structure of a one-dimensional spin-1 systgBaNYOs;, and hole-doped
Y,_,CaBaNiO; for x=0.2 and 0.4, employing photoemission and inverse photoemission spectroscopies.
Y,BaNiO; has a charge excitation gap of about 2.3 eV. Hole doping via Ca substitution in this system
introduces new localized states within this gap. The existence of a finite g&6(eV), even in doped
compounds with a variable-range-hopping transport, indicates the importance of correlation effects and disor-
der in determining the electronic structure in this systE80163-182¢08)01739-1]

[. INTRODUCTION in the VBS state. Activated behavior has been observed in
this system in the transport properties with a transport gap of
Low-dimensional systems have attracted considerable agbout 600 meV, which is much smaller than the charge gap
tention in recent years, arising from their interesting physicabf about 2 eV, as reported by DiTuset all Neutron-
properties such as transportmagnetisnf;> and spin diffraction studies show that while smal-(4%) Zn substi-
dynamics’™® Such systems, particularly one-dimensionaltution gives similar spin excitation spectrum, providing evi-
ones, provide an ideal testing ground for theoretical modelsjence for the unaltered Haldane phase in the smaller
since exact analytical solutions can often be obtained at thisegments of the chains, hole doping by the substitution of
limit. For example, it has been shown that one-dimensionatlivalent Ca in place of trivalent Y introduces spin excitation
spin chains witl5=1 have a gap in the spin excitation spec- features within the Haldane gap. X-ray-absorption studies
tra, whereas spin chains witl8=3 have continuous also show the existence of new charge states within the
excitations'® Systems with integer spin chains, exhibiting a charge excitation gap, which have been characterized to be
gapped spin excitation spectrum, are knowrHatdane sys- of O 2p, character. In the present paper, we investigate the
tems,and their ground states &taldane statesThere have electronic structure of ¥_,CaBaNiOs for x=0.0, 0.2 and
been extensive investigations using various experimenta.4 by means of x-ray photoemissioiXP), ultraviolet-
probes on several such systems with spin-1 chafnand  photoemission(UP), and bremsstrahlung isochromésl)
spin+ chains:*~*°Electronic excitation spectra of this inter- spectroscopic techniques in conjunction with band-structure
esting class of compounds with integral spin chains, howzgculations. The present results provide a detailed descrip-
ever, have not been investigated in detail. _ tion of the electronic structure of the parent compound as
Among all one-dimensional spin-1 systems;BaNiOs  \yg|| as the changes in the electronic structure on doping hole
has been investigated most extensively due (o its simplgeq intg the system. It appears that both strong interaction

structure. Moreover, it is possible to sever the chains eas")éffects and disorder play important roles in determining the
evolution of the electronic structure in these compounds.

by substitution of trivalent Y with divalent Cd&ef. 20. The
structure of ¥%BaNiO; is orthorhombic with space group
Immm(Refs. 20 and 211 The NiQ; octahedra form a chain-
like structure by sharing corners with a shorter bond length
(~1.88 A) along the chain directiofz direction compared

to the four equivalent bond lengths-@.18 A) perpendicular Y,_,CaBaNiO; for x=0.0, 0.2, and 0.4 were prepared
to the chain directior(xy plane. An absence of Ni-O-Ni  f510wing the sol-gel route starting with stoichiometric
interaction between the neighboring chains makes the ele%mounts of predried Y05, BaCO;, CaCQ, and NiGO,

tronic structure of this system an essentially one-dimension : . ; :

one. This is further evidenced by the fact that though the H0. Thed m(%e(gents;‘ Werle .dlss?Idv.(Iad |dn .H.NQI?:St. h
antiferromagnetic interaction along the chain is strong, threez-’lmo.unl' and added to the solution of diluted citric acid wit
dimensional magnetic ordering has not been observed in thigontinuous stirring, where the amount of citric acid was
system down to 1.5 KRef. 22. Neutron-diffraction mea- _more_than the equwa_lent qmount negded to convert the metal
surements show negligible inter-chain interactioa0(05% ions _mto corresponding citrates. ThIS. was followed py the
of the intrachain interactiorin this systen?® Y,BaNiO; has addition of ethylgne glycol t_o the solutlpn in orde_r to fix the

a spin-liquid ground state with a gap-€.0 me\j in the spin pH for the maximum reapthn, gnd stirred contlrjuously to
excitation spectrun®2® Various theoretical approaches form a gel with uniform distribution of the metal ions. The
show the ground state to be a valence bond soUBS) obtained gel was dried by heating at low temperature fol-
state. Within this description, ea&+ 1 spin is comprised of lowed by successive heatings at 350, 450, 600, 800, 900,
two S=1 entities with intersite neighbors bound into a sin- 1000, and 1100 °C for 15 h each with in between grindings,
glet staté®® However, the temperature dependence of theand finally at 1180 °C for 24 h. The sample was cooled
specific-heat measuremetftsat low temperatures could be down from the final temperature to 300 °C at the rate of
explained by the existence of only spin-1 entities arrange® °C/min to maintain the proper oxygen stoichiometry as
antiferromagnetically, instead of the arrangement suggestedescribed by Alonset al?° X-ray-diffraction patterns estab-

Il. EXPERIMENT
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lish each composition to be in single phase. All the samples Y,BaNio
were characterized by transport and magnetic measuremen

3
&
and the present results compare well with those in the pub- C g
lished literaturé~32° Photoemission and inverse photoemis- ' g
sion spectroscopic measurements were carried out in a corr /\\I §
[a]

bined electron spectrometer equipped with Mg source,

He discharge lamp and electron gun. The resolutions associ ll) S
ated with the XP, UP, and Bl spectroscopic measurements ‘/’\" -~ % Energy (eV)

N
N
—

were 0.8 eV, 90 meV, and 0.8 eV, respectively. Bl spectro--

scopic measurements were carried out by detecting the phcg 3 \ ~|\_
tons at a fixed energy of 1486.6 eV, and varying the incident & \./ \ Hel
electron energies. The sample surface was cleaned in ea@ \

case by periodicah situ scraping with an alumina file and >, corse, |

monitored by the oxygenslfeature and the integrated car- = .." e *ete e 0, He II
bon 1s intensities. The reproducibility of the spectral fea- § o’ ‘.

tures was confirmed in each case. = o A

A spin-polarized scalar relativistic linearized muffin-tin ousere™™
orbital calculation has been performed within the atomic-
sphere approximatiofLMTO-ASA) for Y,BaNiOs; with 36
atoms per unit cellfour formula unitg. The lattice param-
eters area=11.3311 A,b=5.7604 A, andc=3.7589 A.
Here the chain axis is along tleedirection. The sphere radii
used in this calculation are 1.8432, 2.0673, 1.4811, and
0.9945 A for Y, Ba, Ni, and O, respectively. No empty
sphere was required to satisfy the volume filling criterion 8 6 4 2 0
used in the atomlc—sphgre approximation. In th!s calculation, Binding energy (eV)
convergence was obtained self-consistently usjng andd
basis states at each atomic sphere withk6doints in the FIG. 1. Hel, Heul, and XP spectra of ¥8aNiOs. The spectral
ireducible part of the Brillouin zone. The energiE$ for functions obtalm_ed from_ LMTO-ASA_ band-_strl_Jcture calculations
each angular momentum partial wave were chosen to be {Hfye also ShOV_V” n the flgure. .The thick solid line shows the tot_al
center of gravity of the occupied part of the correspondinqs.'OeCtragI IE”C;'Onh'nglﬁd'ng an 'meg(;at' bt":]Ckgroqu'l Ihe tt.h'n Sof“dN.
partial density of stateDOS. The calculation was carried i€ and the dashed iine correspond fo the spectral Tunctions of

t for the antiferromaanetic order along the chain directi n3d and O 2 PDOS. The short dashed line represents the integral
out for the antiferromagnetic oraer ajong the cha ectio background. The inset shows the DOS obtained from spin-polarized

Since the magnetic measurements show negligible interagy,ro.asa calculation, with O  (dashed lingand Ni 3 (thin

tion in between the chains with no three-dimensional ordgr-solid line PDOS. fu is the formula unit.

ing down to 1.5 K, we have not considered various spin

arrangements perpendicular to the chain direction. In order tgyn energy to 40.8 eV in the He photoemission measure-
obtain theoretical spectra to compare with experimental XRnent, the intensity of the featuf® decreases considerably
spectra, it is necessary to include the effects of matrixyhile that of the featurd increases compared to the 5.0-eV
element$® Thus, theoretical spectra based on the bandpeak (feature C). The intensity of feature is further en-
structure calculation were constructed by multlplylng thehanced in the XP Spectrum recorded with much |arger pho-
various PDOS with corresponding matrix elements and conton energy(1253.6 eV. It is well knowr™® that photoemis-
voluting with a Lorentzian with energy-dependent full width sion cross sections for oxygenpdike states are larger
at half maximum representing the lifetime broaderfifig”  relative to the transition-metalcBlike states at low photon
The resolution broadening has been introduced by convolutnergieg21.2 eV}, and the photoemission cross-section ratio
ing with an appropriate Gaussian describing the resolutiopetween these two states monotonically decreases with in-
function. In order to a]ign various_ spectral features, thg Ca'treasing photon energy, favoring the transition metdl 3
culated spectral functions are shifted by 1 eV toward highegontribution to the spectra at higher energies. Thus the rela-
binding energy. This is usually necessary for the strongltive changes in the spectral intensities in Fig. 1, with the
correlated systems due to the underestimation of band gapgcrease in photon energy, indicate that the spectral region in
in these calculation® the vicinity of 2.4-eV spectral featur@) is dominated by Ni
3d emission, while those near the 3.5- and 5.0-eV features
have more oxygen 2 character. A pronounced reduction of
the 3.5-eV feature compared to that at 5.0 eV indicates that
We show the valence-band photoemission spectra dhe states near 3.5 eV is primarily formed by @0 2p
Y ,BaNiGs in Fig. 1 for the incident photon energies 21.2 eV interactions with a nonbonding character with respect to
(He1), 40.8 eV(Hen) and 1253.6 eMXPS). The spectra are Ni 3d—0 2p interactions.
normalized at the most intense peak around 5-eV binding In order to compare the experimental spectra with the
energy. There are three discernible featube®8, andC in band structure results, we compute the theoretical spectrum
the Hel spectrum at about 2.4-, 3.5-, and 5.0-eV bindingstarting from PDOS of all the states obtained from LMTO-
energies, respectively. With the increase in the incident phoASA band-structure calculations as explained earlier. We

Ill. RESULTS AND DISCUSSIONS
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have performed both spin-polarized and unpolarized calcula- . o0s i Y.
tions. In the case of the spin-polarized calculation, a mag- ce f%
netic structure with an antiferromagnetic arrangement of the pry
Ni atoms along the chain was found to have lower energy .
than a nonmagnetic solution in conformity with experimental 08 6 4 2 0
observationg:® However, a metallic ground state, obtained -
in both the calculations, is in contrast to the insulating prop-
erty. It is important to note here that a small amount of
disorder in one-dimensional systems can lead to a localiza-
tion of charge carriers, thereby giving rise to an insulating
ground state. However, such effects will not produce a large
charge excitation gap; in contrast, the corresponding gap in
this system, as we show later in the text, is about 2.3 eV.
Thus the insulating ground state observed here does not
originate from the disorder effects. The large charge excita- X .
tion gap obtained in this compound, and the failure of the 00
band structure to describe this gap, thus arises from the pres- ~ : D X . 0.0
ence of strong electron correlations in the system. Such . § rtvee
band-structure calculations are, indeed, known to underesti- 15 105 0

mate correlation effects. The calculated spectral features, .. 1L
corrected for the matrix element effects for x-ray- Iz 10 8 6 4 2 0
photoemission measurements and including the resolution Binding energy (eV)
broadening as v_veII as _energy-dependent_Ilfetlme broadenlng FIG. 2. XP spectra of ¥ ,CaBaNiOs for x=0.0, 0.2, and 0.4
are plotted in Fig. 1 with the corr.espondmg PDOS, and NIshowing the changes due to doping. In inset | we overlap the spec-
3d and O 2 PDOS shown in the inset. In order to compare y corresponding ta=0.0 (solid circles and 0.4(open circles In

the calculation with the experiment, an integral backgroundnset 11 we illustrate the presence of a sateliite feature in the
(shown as a short dashed lingas been added to the calcu- valence-band spectrum of,BaNiOs (open circles by subtracting
lated total spectrunithe thick solid ling. The thin solid line  the Ba 5 contributions(solid line) after appropriate background
and the dashed line correspond to the PDOS of ds8ites  subtraction. The subtracted spectrum is shown by solid triangles.
and the oxygen @ states, respectively. It is clear from the
figure that the lower-binding-energy region<8 eV) is
dominated by the Ni 8-like states, and the region with
higher binding energy>* 3 eV) is nearly equally contributed

Ca BaNiO;
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insed, and arises from oxygens along the ch&fns.

The calculated spectrum within the local-density approxi-
o " mation appears to provide a reasonable description of the
by the Ni 3d- and O 2-like states. However, the PDOS higher-binding-energy features between about 3 and 8 eV in

shown in the inset clearly shows the dominance of @ 2 ¢ K sh Hth. and tion. This i .
PDOS in the higher-energy region; thus, the similar calcul€™MS of peak shape, width, and position. This is not surpris-

lated spectral intensities for Nid3and O 2 states arise from INd: Since these features are primarily dominated by oxygen
a larger photoemission cross section for the NiSates at 2p states, which are not very much influenced by correlation
this high photon energy. Noting the substantial admixture offfects. On the other hand, it is clear that the Mi-@lated

Ni 3d states in the vicinity of 5-eV binding energy, this DOS Spectral features appearing at lower binding energies are con-
region, responsible for the spectral feat@eis assigned to siderably distorted in the experimental spectrum compared to
the O 2—Ni 3d bonding states with a dominant oxygep 2 the calculated ones, evidencing a strong influence of corre-
character. Similarly, the featuf@) around 2.4 eV is attrib- lation effects in this compound.

uted to the corresponding antibonding states, where the The substitution of one divalent Ca at the place of triva-
dominant contribution comes from the Nid3states. The lent Y enhances the effective valency of Ni by 1 and, thus,
spectral feature at 3.5 eV binding ener@), which is more  one hole is doped in the system. In order to investigate the
pronounced in the Hespectrum, is not clearly discernible in effect of such doped holes on the electronic structure, we
the calculated total spectrum, primarily due to an underestiplot the XP valence-band spectra for- 0.0, 0.2, and 0.4 in
mation of the oxygen @ photoemission cross sectidh. Fig. 2. All the spectra have been normalized at the peak
However, this feature, dominated by the oxygem £tates, around the 20.8-eV binding energy contributed by ©ahd

can also be observed at the same energy both in the DOS aBa 5s states(not shown in the figurne since the intensity of
PDOS shown in the inset as well as in the calculated oxygethese signals is not expected to change with Ca doping at the
2p contribution (long dashed ling The inset shows that Y site. All the spectra exhibit low-intensity spectral features
there is little Ni & contribution in the vicinity of this energy between 8- and 11-eV binding energies. The tail of the Ba
region. This confirms that the states in this energy regiorbp-related features at higher energies overlaps strongly the
arise primarily due to oxygenf®2p interactions with a non-  satellite feature, as shown in inset Il of Fig. 2 fosBaNiOs.
bonding character with respect to Ni30 2p interactions.  Subtracting Ba p contributions(shown by a solid line in
There is a weak, broad feature at about 7.5 eV in the calcunset Il) from the total spectrunfopen circleg and thus ob-
lated spectrum; this feature is also discernible in the experitaining the difference spectrufsolid triangleg, it becomes
mental XP spectrunimarkedD). It originates from the cor- possible to estimate the relative intensity of the satellite as
responding DOS features between about 6 and 7(s®¢ illustrated by the significant intensity beyond 8-eV binding
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energy in inset Il. The calculated spectrum basedlmmitio Y, Ca BaNi05| BIS
band-structure results shown in Fig. 1 does not have any —

intensity beyond 8 eV; this suggests that the satellite features
arise from correlation effects, not included in such effec-
tively independent-particle approaches. The features arising
from primarily oxygen 2 PDOS in the vicinity of spectral
signaturesB and C are found to be nearly unchanged on
doping, as more clearly illustrated in inset | by overlapping
the spectra ofx=0.0 and 0.4. Since this spectral feature
arises primarily from the bonding®states of the oxygens
on the basal plane perpendicular to the chain directidhe
insensitivity at this spectral region suggests that the hole
doping does not significantly influence these states. This is in
conformity with the results in Ref. 1 that the doped holes
have primarily Ni 31,—O 2p, characters. On the other hand,
there is a slight narrowing and a consequent emergence of a
sharper Ni 3l-related spectral featur@) at about 2.4 eV
with increasing doping. Concomitantly, the intensity around
7-9-eV binding energy reducésee inset)l Thus, the main T
effect of hole doping on the electronic structure in the occu- 00 25 50 75 100 125 150
pied part appears to be a slight reduction in intensity at the
band edges, manifested as a narrowing of the band. It is to be
noted here that the doping of hole states in three-dimensional FIG. 3. Bl spectra of ¥_,CaBaNiO; for x=0.0, 0.2, and 0.4.
NiO by substituting Li at the place of Ni introduce an overall The spectrum corresponding te-0.0 (open circleg is overlapped
reduction in 31 band intensity without any significant change ©Ver the spec_tra correspondingde 0.2 and 0.4 in order to indicate
in the shape of the spectral featufsWhile calculations the changes in the spectra clearly.
based on cluster or impurity models are likely to throw light
on these effects, the model will necessarily have to includehe electric polarization vector along the chain direction ex-
more than one Ni site in order to describe the nonintegrahibits a spectral weight transfer with negligible change along
doping levels. Such calculations including the multiplet in- perpendicular polarizations. Thus, in conjunction with the
teractions at multiple impurity sites are beyond the scope ok A results, the feature around 3.5 eV above the Fermi level
the present computational ability. (Eg) observed in Fig. 3 can be characterized to be arising
The dope_d holes, however, shoyv pronounced c_hanges Wom the upper Hubbard bandUHB) primarily with
the unoccupied part of the electronic structure, as |Ilustratec“;‘l)d22 (a;5) symmetry. The feature corresponding to the up-

in Fig. 3. Here we plot the Bl spectra correspondingxto ;
=0.0, 0.2, and 0.4, normalizing them at the narrow Ha 4 per Hubbard band with &z_y2 (byg) symmetry observed

peak position at about 14 eV abokeg , since the Ba content in the X.A _study is expected t_o arise around .2'5 ey abieye

is fixed in all the compositions. For comparison, we overlap[the splitting of theeg band arising from the dl'stor.tlon of the
the spectrum corresponding 6=0.0 (shown by the open N.'O6 oc;tahgdra |s'about 0'9.1 etRef. 1], which is 'barely
circles on the spectra of=0.2 and 0.4. The relatively broad dls_cernlble in the figure poss_lt_)ly due to the resolution proad-
featureC with the center of gravity around 8 eV above the €NiNY and the consequent tailing of the higher-energy intense
Fermi level in the parent compouna £ 0.0) is contributed features near 8 gv. The spectral weight Fransfer as observed
by the Ba 5l and Y 4d states. The spectrum of,BaNiO; I the UHB (a;4) in this system as a function of doping, was
shows a distinct shoulder at about 3.5 @XarkedB) above observed in the Bl as well as XA spectra of other divalent
Er. This feature is attributed to the spectral signature of thdlckelates, such as [Ni; ,O (Refs. 33,34 and
upper Hubbard band arising mainly from NiStates. On  La,—SKNiO4.%7%"In all these cases the doped states are
substituting Ca for Y, there is a decrease in the intensity ofound to appear above the Fermi levél) (~1 eV), ex-
featureC, associated with a decrease of ¥ dontribution to  tending down in energy towar. , but without contributing

the spectrum. The most pronounced changes are, howevemy intensity aEr in accordance with the insulating phase in
seen closer to the Fermi energy in the energy region of thall these cases. It is interesting to note here that such anoma-
upper Hubbard band. We find a progressive reduction in théous spectral weight transfer has also been observed in diva-
intensity of the spectral featur® at about 3.5 eV, corre- lent spin3 cuprate systen®, *°and is believed to be driven
sponding to the peak of the upper Hubbard band of the stdsy the strong electron-correlation effeétsThus, while the
ichiometric Y,BaNiOs with doping. This is accompanied by spin dynamics of this spin-1 chain system, YCaBaNiOs,

the clear emergence of a spectral feat(¢ closer toEg exhibits substantially different physics compared to those ob-
peaking at about 1 eV, due to the doped hole states. Theerved in the case of half-integer spin chains, and the diva-
increase in intensity of these doped states is evidently morkent nickelates and cuprates in higher dimensions, the charge
rapid than the reduction in the spectral weight of the uppedynamics is found to be essentially similar in all the cases.
Hubbard band. Such a spectral weight transfer has indeed In order to understand the evolution of the low-energy
been observed in the R-edge x-ray absorptiofiXA) spec- charge excitation spectra in these compounds, we investigate
troscopy of this systerhin that study it was observed that next the spectral features closeEg combining the spectra

Intensity (arb. units)

Energy above E. (eV)
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. - Y. Ca BaNiO gap. This is clearly due to the formation of hole states arising
Ol;;;a;;?g:rpmn I; from doping; these doped states form within the charge-
8 . transfer band gap of the parent compound, as is evident in
8 .. the spectra shown in Fig. 4. We estimate the gap to be about
g 23¢eV K 0.6 eV in both the doped compounds, as shown in the figure.
< | . This is close to the activation energy extracted from the re-
00 “ . sistivity measurements below room temperature on the par-
20 25 30 354043 R .o ent compound. Thus it appears that the conductivity gap at
Energy (eV) o oJer lower temperatures is controlled by states doped within the

charge-excitation gap of the ideally stoichiometric com-
pound, due to the inevitable presence of nonstoichiometry
and defects. The existence of a pronounced gap of about 0.6
eV in the doped compounds is in apparent contrast with the
observatioh of variable-range-hopping transport, suggesting
a finite density of states &g. However, we note that the
size of the gap is considerably larger than the thermal energy
scale over which the resistivity measurements were carried
out (<300 K). In such a situation, the low-temperature
(<300 K) resistivity can be dominated by very low density
of states, below the level of photoemission sensitivity, if
such states are present in the vicinity of the Fermi energy.
Besides the existence of such a low density of states across
Er influencing the low-temperature transport properties, the
electronic structure of the doped systems is clearly domi-
FIG. 4. Hel and BI spectra of ¥_,CaBaNiOs (x=0.0, 0.2, nated by the formation of the midgap doped hole states, in
and 0.4 with a common Fermi level in order to show the charge ggreement with the results obtained in Ref. 45 based on the
excitation gap. The inset shows the opti¢alV-VIS) absorption  gynamical hole approach. However, the prediction of a finite
spectrum of ¥BaNiO; indicating a charge excitation gap of about precursor of Drude peaks in the optical conductivity com-
2.3 eV. prising the hole states delocalized over a sizable, but finite,
length scale, is in contrast to the observation of a large dis-
from the occupied and unoccupied parts. We combine théinct gap (~0.6 eV) in the doped compounds. These obser-
He photoemission and Bl spectra in Fig. 4 with a commonvations suggest that a disorder-induced Anderson localiza-
Fermi energy to estimate the charge excitation gap irtion, or the electron-correlation effect, alone is not sufficient
Y,BaNiGs. It is difficult to determine the band edges pre-to explain the changes in the electronic structure of the
cisely from these experimental spectra, since the bands adoped compounds. Strong correlation effects which drive the
broadened in the experimental spectra due to the presencegdp formation will have to be taken into account simulta-
finite resolution. Thus, we adopt an approach which has beeneously with the disorder effects. In this context, it is inter-
useful in the past in determining the band edges iresting to note that a recent treatment of simultaneous pres-
LaCr0,,* LaMnO;,** and LaFe@,* by drawing tangents ence of disorder and electron-electron interactions has
to the rapidly changing leading edges of the experimentasuggestetf characteristic signatures of disorder in terms of
spectrum as illustrated in the figure. This procedure estimatdscalized states acro€s:, and an overall gaplike structure
the band gap to be about 2:8.3 eV in Y,BaNiO;. These driven by correlation.
results are further confirmed by the optical absorption spec- In conclusion, we have investigated the electronic struc-
trum obtained from diffused reflectance measurements foture of Y,BaNiOs and the effect of hole doping in this sys-
Y,BaNiOs shown in the inset. It clearly shows the absorp-tem via substitution of ¥* by C&*. Y,BaNiOs is a
tion edge around 2.3 eV, which agrees well with the gapcorrelation-driven insulator with a charge excitation gap of
estimated from the UP and Bl spectra. The estimate of thabout 2.3 eV. Band-structure calculations based on the local-
intrinsic band gap obtained here is substantially larger thawensity approximation cannot describe the insulating ground
the activation energy0.6 eV) observed in the resistivity state. The doping reduces the overall bandwidth slightly in
measurements.Thus it appears that the resistivity in the the occupied part of the electronic structure. More pro-
measured temperature range is dominated by contributionsounced changes are observed in the spectra corresponding
from impurity states inevitably present within the intrinsic to the unoccupied part of the electronic structure. Doped hole
band gaps of such transition-metal oxides arising from finitestates are formed in the charge gap of the parent compound;
deviations from the ideal stoichiometry. the intensity of this feature grows systematically with
The narrow energy range of the Hand Bl spectra for anomalous spectral weight transfer from the Hubbard bands,
x=0.2 and 0.4 neaEr are shown in Fig. 4. It is evident similar to that observed in the higher-dimensional divalent
from the spectra that there is no spectral intensitgatnd  nickelates(NiO and LgNiO,). The doped compounds also
spectral features exhibit clear signatures of gaps in thexhibit a distinct gap of about 0.6 eV, though the transport
charge excitation spectra of the doped compounds. Howevemeasurements exhibit a variable range hopping instead of an
the spectral intensity in the Bl spectra of the doped comactivated behavior. The presence of this finite-gap-like struc-
pounds appears considerably closerEte compared to the ture for all the compositions, along with the evidence of a
undoped compound, leading to a substantial decrease of thew, but finite, density of states from resistivity measure-

Intensity (arb. units)

Energy (eV)
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