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Electronic structure of Y22xCaxBaNiO5 from photoemission and inverse photoemission

K. Maiti and D. D. Sarma*

Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore 560 012, India
~Received 9 January 1998!

We investigate the electronic structure of a one-dimensional spin-1 system, Y2BaNiO5 , and hole-doped
Y22xCaxBaNiO5 for x50.2 and 0.4, employing photoemission and inverse photoemission spectroscopies.
Y2BaNiO5 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 gap (;0.6 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 system.@S0163-1829~98!01739-1#
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I. INTRODUCTION

Low-dimensional systems have attracted considerable
tention in recent years, arising from their interesting physi
properties such as transport,1 magnetism,2,3 and spin
dynamics.4–9 Such systems, particularly one-dimension
ones, provide an ideal testing ground for theoretical mod
since exact analytical solutions can often be obtained at
limit. For example, it has been shown that one-dimensio
spin chains withS51 have a gap in the spin excitation spe
tra, whereas spin chains withS5 1

2 have continuous
excitations.10 Systems with integer spin chains, exhibiting
gapped spin excitation spectrum, are known asHaldane sys-
tems,and their ground states asHaldane states. There have
been extensive investigations using various experime
probes on several such systems with spin-1 chains2–4 and
spin-12 chains.11–19Electronic excitation spectra of this inte
esting class of compounds with integral spin chains, ho
ever, have not been investigated in detail.

Among all one-dimensional spin-1 systems, Y2BaNiO5
has been investigated most extensively due to its sim
structure. Moreover, it is possible to sever the chains ea
by substitution of trivalent Y with divalent Ca~Ref. 20!. The
structure of Y2BaNiO5 is orthorhombic with space grou
Immm~Refs. 20 and 21!. The NiO6 octahedra form a chain
like structure by sharing corners with a shorter bond len
(;1.88 Å! along the chain direction~z direction! compared
to the four equivalent bond lengths (;2.18 Å! perpendicular
to the chain direction~xy plane!. An absence of Ni-O-Ni
interaction between the neighboring chains makes the e
tronic structure of this system an essentially one-dimensio
one. This is further evidenced by the fact that though
antiferromagnetic interaction along the chain is strong, thr
dimensional magnetic ordering has not been observed in
system down to 1.5 K~Ref. 22!. Neutron-diffraction mea-
surements show negligible inter-chain interaction (<0.05%
of the intrachain interaction! in this system.23 Y2BaNiO5 has
a spin-liquid ground state with a gap (;10 meV! in the spin
excitation spectrum.1,4,23 Various theoretical approache
show the ground state to be a valence bond solid~VBS!
state. Within this description, eachS51 spin is comprised of
two S5 1

2 entities with intersite neighbors bound into a si
glet state.8,9 However, the temperature dependence of
specific-heat measurements24 at low temperatures could b
explained by the existence of only spin-1 entities arran
antiferromagnetically, instead of the arrangement sugge
PRB 580163-1829/98/58~15!/9746~6!/$15.00
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in the VBS state. Activated behavior has been observed
this system in the transport properties with a transport ga
about 600 meV, which is much smaller than the charge
of about 2 eV, as reported by DiTusaet al.1 Neutron-
diffraction studies show that while small (;4%) Zn substi-
tution gives similar spin excitation spectrum, providing ev
dence for the unaltered Haldane phase in the sma
segments of the chains, hole doping by the substitution
divalent Ca in place of trivalent Y introduces spin excitati
features within the Haldane gap. X-ray-absorption stud
also show the existence of new charge states within
charge excitation gap, which have been characterized to
of O 2pz character. In the present paper, we investigate
electronic structure of Y22xCaxBaNiO5 for x50.0, 0.2 and
0.4 by means of x-ray photoemission~XP!, ultraviolet-
photoemission~UP!, and bremsstrahlung isochromat~BI!
spectroscopic techniques in conjunction with band-struct
calculations. The present results provide a detailed desc
tion of the electronic structure of the parent compound
well as the changes in the electronic structure on doping h
states into the system. It appears that both strong interac
effects and disorder play important roles in determining
evolution of the electronic structure in these compounds.

II. EXPERIMENT

Y22xCaxBaNiO5 for x50.0, 0.2, and 0.4 were prepare
following the sol-gel route starting with stoichiometr
amounts of predried Y2O3, BaCO3, CaCO3, and NiC2O4,
2H2O. The ingredients were dissolved in HNO3 ~least
amount!, and added to the solution of diluted citric acid wi
continuous stirring, where the amount of citric acid w
more than the equivalent amount needed to convert the m
ions into corresponding citrates. This was followed by t
addition of ethylene glycol to the solution in order to fix th
pH for the maximum reaction, and stirred continuously
form a gel with uniform distribution of the metal ions. Th
obtained gel was dried by heating at low temperature
lowed by successive heatings at 350, 450, 600, 800, 9
1000, and 1100 °C for 15 h each with in between grindin
and finally at 1180 °C for 24 h. The sample was cool
down from the final temperature to 300 °C at the rate
3 °C/min to maintain the proper oxygen stoichiometry
described by Alonsoet al.20 X-ray-diffraction patterns estab
9746 © 1998 The American Physical Society
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PRB 58 9747ELECTRONIC STRUCTURE OF Y22xCaxBaNiO5 FROM . . .
lish each composition to be in single phase. All the samp
were characterized by transport and magnetic measurem
and the present results compare well with those in the p
lished literature.1–3,25Photoemission and inverse photoem
sion spectroscopic measurements were carried out in a c
bined electron spectrometer equipped with MgKa source,
He discharge lamp and electron gun. The resolutions ass
ated with the XP, UP, and BI spectroscopic measurem
were 0.8 eV, 90 meV, and 0.8 eV, respectively. BI spect
scopic measurements were carried out by detecting the
tons at a fixed energy of 1486.6 eV, and varying the incid
electron energies. The sample surface was cleaned in
case by periodicalin situ scraping with an alumina file an
monitored by the oxygen 1s feature and the integrated ca
bon 1s intensities. The reproducibility of the spectral fe
tures was confirmed in each case.

A spin-polarized scalar relativistic linearized muffin-t
orbital calculation has been performed within the atom
sphere approximation~LMTO-ASA! for Y2BaNiO5 with 36
atoms per unit cell~four formula units!. The lattice param-
eters area511.3311 Å, b55.7604 Å, andc53.7589 Å.
Here the chain axis is along thec direction. The sphere radi
used in this calculation are 1.8432, 2.0673, 1.4811,
0.9945 Å for Y, Ba, Ni, and O, respectively. No emp
sphere was required to satisfy the volume filling criteri
used in the atomic-sphere approximation. In this calculat
convergence was obtained self-consistently usings, p, andd
basis states at each atomic sphere with 64k points in the
irreducible part of the Brillouin zone. The energiesEn

l for
each angular momentum partial wave were chosen to be
center of gravity of the occupied part of the correspond
partial density of states~PDOS!. The calculation was carried
out for the antiferromagnetic order along the chain directi
Since the magnetic measurements show negligible inte
tion in between the chains with no three-dimensional ord
ing down to 1.5 K, we have not considered various s
arrangements perpendicular to the chain direction. In orde
obtain theoretical spectra to compare with experimental
spectra, it is necessary to include the effects of ma
elements.26 Thus, theoretical spectra based on the ba
structure calculation were constructed by multiplying t
various PDOS with corresponding matrix elements and c
voluting with a Lorentzian with energy-dependent full wid
at half maximum representing the lifetime broadening.27–29

The resolution broadening has been introduced by convo
ing with an appropriate Gaussian describing the resolu
function. In order to align various spectral features, the c
culated spectral functions are shifted by 1 eV toward hig
binding energy. This is usually necessary for the stron
correlated systems due to the underestimation of band
in these calculations.30

III. RESULTS AND DISCUSSIONS

We show the valence-band photoemission spectra
Y2BaNiO5 in Fig. 1 for the incident photon energies 21.2 e
~He I!, 40.8 eV~He II! and 1253.6 eV~XPS!. The spectra are
normalized at the most intense peak around 5-eV bind
energy. There are three discernible featuresA, B, andC in
the HeI spectrum at about 2.4-, 3.5-, and 5.0-eV bindi
energies, respectively. With the increase in the incident p
s
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ton energy to 40.8 eV in the HeII photoemission measure
ment, the intensity of the featureB decreases considerab
while that of the featureA increases compared to the 5.0-e
peak ~featureC!. The intensity of featureA is further en-
hanced in the XP spectrum recorded with much larger p
ton energy~1253.6 eV!. It is well known31 that photoemis-
sion cross sections for oxygen 2p-like states are large
relative to the transition-metal 3d-like states at low photon
energies~21.2 eV!, and the photoemission cross-section ra
between these two states monotonically decreases with
creasing photon energy, favoring the transition metald
contribution to the spectra at higher energies. Thus the r
tive changes in the spectral intensities in Fig. 1, with t
increase in photon energy, indicate that the spectral regio
the vicinity of 2.4-eV spectral feature~A! is dominated by Ni
3d emission, while those near the 3.5- and 5.0-eV featu
have more oxygen 2p character. A pronounced reduction o
the 3.5-eV feature compared to that at 5.0 eV indicates
the states near 3.5 eV is primarily formed by O 2p–O 2p
interactions with a nonbonding character with respect
Ni 3d–O 2p interactions.

In order to compare the experimental spectra with
band structure results, we compute the theoretical spect
starting from PDOS of all the states obtained from LMTO
ASA band-structure calculations as explained earlier.

FIG. 1. HeI, HeII, and XP spectra of Y2BaNiO5 . The spectral
functions obtained from LMTO-ASA band-structure calculatio
are also shown in the figure. The thick solid line shows the to
spectral function including an integral background. The thin so
line and the dashed line correspond to the spectral functions o
3d and O 2p PDOS. The short dashed line represents the inte
background. The inset shows the DOS obtained from spin-polar
LMTO-ASA calculation, with O 2p ~dashed line! and Ni 3d ~thin
solid line! PDOS. fu is the formula unit.
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9748 PRB 58K. MAITI AND D. D. SARMA
have performed both spin-polarized and unpolarized calc
tions. In the case of the spin-polarized calculation, a m
netic structure with an antiferromagnetic arrangement of
Ni atoms along the chain was found to have lower ene
than a nonmagnetic solution in conformity with experimen
observations.2,3 However, a metallic ground state, obtain
in both the calculations, is in contrast to the insulating pro
erty. It is important to note here that a small amount
disorder in one-dimensional systems can lead to a loca
tion of charge carriers, thereby giving rise to an insulat
ground state. However, such effects will not produce a la
charge excitation gap; in contrast, the corresponding ga
this system, as we show later in the text, is about 2.3
Thus the insulating ground state observed here does
originate from the disorder effects. The large charge exc
tion gap obtained in this compound, and the failure of
band structure to describe this gap, thus arises from the p
ence of strong electron correlations in the system. S
band-structure calculations are, indeed, known to under
mate correlation effects. The calculated spectral featu
corrected for the matrix element effects for x-ra
photoemission measurements and including the resolu
broadening as well as energy-dependent lifetime broade
are plotted in Fig. 1 with the corresponding PDOS, and
3d and O 2p PDOS shown in the inset. In order to compa
the calculation with the experiment, an integral backgrou
~shown as a short dashed line! has been added to the calc
lated total spectrum~the thick solid line!. The thin solid line
and the dashed line correspond to the PDOS of Ni 3d states
and the oxygen 2p states, respectively. It is clear from th
figure that the lower-binding-energy region (,3 eV! is
dominated by the Ni 3d-like states, and the region wit
higher binding energy (.3 eV! is nearly equally contributed
by the Ni 3d- and O 2p-like states. However, the PDO
shown in the inset clearly shows the dominance of Op
PDOS in the higher-energy region; thus, the similar cal
lated spectral intensities for Ni 3d and O 2p states arise from
a larger photoemission cross section for the Ni 3d states at
this high photon energy. Noting the substantial admixture
Ni 3d states in the vicinity of 5-eV binding energy, this DO
region, responsible for the spectral featureC, is assigned to
the O 2p– Ni 3d bonding states with a dominant oxygen 2p
character. Similarly, the feature~A! around 2.4 eV is attrib-
uted to the corresponding antibonding states, where
dominant contribution comes from the Ni 3d states. The
spectral feature at 3.5 eV binding energy~B!, which is more
pronounced in the HeI spectrum, is not clearly discernible i
the calculated total spectrum, primarily due to an undere
mation of the oxygen 2p photoemission cross section.30

However, this feature, dominated by the oxygen 2p states,
can also be observed at the same energy both in the DOS
PDOS shown in the inset as well as in the calculated oxy
2p contribution ~long dashed line!. The inset shows tha
there is little Ni 3d contribution in the vicinity of this energy
region. This confirms that the states in this energy reg
arise primarily due to oxygen 2p-2p interactions with a non-
bonding character with respect to Ni 3d– O 2p interactions.
There is a weak, broad feature at about 7.5 eV in the ca
lated spectrum; this feature is also discernible in the exp
mental XP spectrum~markedD!. It originates from the cor-
responding DOS features between about 6 and 7 eV~see
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inset!, and arises from oxygens along the chains.32

The calculated spectrum within the local-density appro
mation appears to provide a reasonable description of
higher-binding-energy features between about 3 and 8 eV
terms of peak shape, width, and position. This is not surp
ing, since these features are primarily dominated by oxy
2p states, which are not very much influenced by correlat
effects. On the other hand, it is clear that the Ni 3d-related
spectral features appearing at lower binding energies are
siderably distorted in the experimental spectrum compare
the calculated ones, evidencing a strong influence of co
lation effects in this compound.

The substitution of one divalent Ca at the place of triv
lent Y enhances the effective valency of Ni by 1 and, th
one hole is doped in the system. In order to investigate
effect of such doped holes on the electronic structure,
plot the XP valence-band spectra forx50.0, 0.2, and 0.4 in
Fig. 2. All the spectra have been normalized at the p
around the 20.8-eV binding energy contributed by O 2s and
Ba 5s states~not shown in the figure!, since the intensity of
these signals is not expected to change with Ca doping a
Y site. All the spectra exhibit low-intensity spectral featur
between 8- and 11-eV binding energies. The tail of the
5p-related features at higher energies overlaps strongly
satellite feature, as shown in inset II of Fig. 2 for Y2BaNiO5 .
Subtracting Ba 5p contributions~shown by a solid line in
inset II! from the total spectrum~open circles!, and thus ob-
taining the difference spectrum~solid triangles!, it becomes
possible to estimate the relative intensity of the satellite
illustrated by the significant intensity beyond 8-eV bindin

FIG. 2. XP spectra of Y22xCaxBaNiO5 for x50.0, 0.2, and 0.4
showing the changes due to doping. In inset I we overlap the s
tra corresponding tox50.0 ~solid circles! and 0.4~open circles!. In
inset II we illustrate the presence of a satellite feature in
valence-band spectrum of Y2BaNiO5 ~open circles! by subtracting
the Ba 5p contributions~solid line! after appropriate backgroun
subtraction. The subtracted spectrum is shown by solid triangle
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energy in inset II. The calculated spectrum based onab initio
band-structure results shown in Fig. 1 does not have
intensity beyond 8 eV; this suggests that the satellite feat
arise from correlation effects, not included in such effe
tively independent-particle approaches. The features ari
from primarily oxygen 2p PDOS in the vicinity of spectra
signaturesB and C are found to be nearly unchanged o
doping, as more clearly illustrated in inset I by overlappi
the spectra ofx50.0 and 0.4. Since this spectral featu
arises primarily from the bonding 2p states of the oxygen
on the basal plane perpendicular to the chain direction,32 the
insensitivity at this spectral region suggests that the h
doping does not significantly influence these states. This
conformity with the results in Ref. 1 that the doped ho
have primarily Ni 3dz2– O 2pz characters. On the other han
there is a slight narrowing and a consequent emergence
sharper Ni 3d-related spectral feature~A! at about 2.4 eV
with increasing doping. Concomitantly, the intensity arou
7–9-eV binding energy reduces~see inset I!. Thus, the main
effect of hole doping on the electronic structure in the oc
pied part appears to be a slight reduction in intensity at
band edges, manifested as a narrowing of the band. It is t
noted here that the doping of hole states in three-dimensi
NiO by substituting Li at the place of Ni introduce an over
reduction in 3d band intensity without any significant chang
in the shape of the spectral features.33 While calculations
based on cluster or impurity models are likely to throw lig
on these effects, the model will necessarily have to inclu
more than one Ni site in order to describe the noninteg
doping levels. Such calculations including the multiplet
teractions at multiple impurity sites are beyond the scope
the present computational ability.

The doped holes, however, show pronounced change
the unoccupied part of the electronic structure, as illustra
in Fig. 3. Here we plot the BI spectra corresponding tox
50.0, 0.2, and 0.4, normalizing them at the narrow Baf
peak position at about 14 eV aboveEF , since the Ba conten
is fixed in all the compositions. For comparison, we over
the spectrum corresponding tox50.0 ~shown by the open
circles! on the spectra ofx50.2 and 0.4. The relatively broa
featureC with the center of gravity around 8 eV above th
Fermi level in the parent compound (x50.0! is contributed
by the Ba 5d and Y 4d states. The spectrum of Y2BaNiO5
shows a distinct shoulder at about 3.5 eV~markedB! above
EF . This feature is attributed to the spectral signature of
upper Hubbard band arising mainly from Ni 3d states. On
substituting Ca for Y, there is a decrease in the intensity
featureC, associated with a decrease of Y 4d contribution to
the spectrum. The most pronounced changes are, how
seen closer to the Fermi energy in the energy region of
upper Hubbard band. We find a progressive reduction in
intensity of the spectral featureB at about 3.5 eV, corre
sponding to the peak of the upper Hubbard band of the
ichiometric Y2BaNiO5 with doping. This is accompanied b
the clear emergence of a spectral feature~A! closer toEF
peaking at about 1 eV, due to the doped hole states.
increase in intensity of these doped states is evidently m
rapid than the reduction in the spectral weight of the up
Hubbard band. Such a spectral weight transfer has ind
been observed in the OK-edge x-ray absorption~XA ! spec-
troscopy of this system.1 In that study it was observed tha
y
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the electric polarization vector along the chain direction e
hibits a spectral weight transfer with negligible change alo
perpendicular polarizations. Thus, in conjunction with t
XA results, the feature around 3.5 eV above the Fermi le
(EF) observed in Fig. 3 can be characterized to be aris
from the upper Hubbard band~UHB! primarily with
3dz2 (a1g) symmetry. The feature corresponding to the u
per Hubbard band with 3dx22y2 (b1g) symmetry observed
in the XA study is expected to arise around 2.5 eV aboveEF

@the splitting of theeg band arising from the distortion of th
NiO6 octahedra is about 0.91 eV~Ref. 1!#, which is barely
discernible in the figure possibly due to the resolution bro
ening and the consequent tailing of the higher-energy inte
features near 8 eV. The spectral weight transfer as obse
in the UHB (a1g) in this system as a function of doping, wa
observed in the BI as well as XA spectra of other divale
nickelates, such as LixNi12xO ~Refs. 33,34! and
La22xSrxNiO4.35–37 In all these cases the doped states
found to appear above the Fermi level (EF) (;1 eV!, ex-
tending down in energy towardEF , but without contributing
any intensity atEF in accordance with the insulating phase
all these cases. It is interesting to note here that such ano
lous spectral weight transfer has also been observed in d
lent spin-12 cuprate systems,38–40and is believed to be driven
by the strong electron-correlation effects.41 Thus, while the
spin dynamics of this spin-1 chain system, Y22xCaxBaNiO5,
exhibits substantially different physics compared to those
served in the case of half-integer spin chains, and the d
lent nickelates and cuprates in higher dimensions, the ch
dynamics is found to be essentially similar in all the case

In order to understand the evolution of the low-ener
charge excitation spectra in these compounds, we investi
next the spectral features close toEF combining the spectra

FIG. 3. BI spectra of Y22xCaxBaNiO5 for x50.0, 0.2, and 0.4.
The spectrum corresponding tox50.0 ~open circles! is overlapped
over the spectra corresponding tox50.2 and 0.4 in order to indicate
the changes in the spectra clearly.
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9750 PRB 58K. MAITI AND D. D. SARMA
from the occupied and unoccupied parts. We combine
He I photoemission and BI spectra in Fig. 4 with a comm
Fermi energy to estimate the charge excitation gap
Y2BaNiO5 . It is difficult to determine the band edges pr
cisely from these experimental spectra, since the bands
broadened in the experimental spectra due to the presen
finite resolution. Thus, we adopt an approach which has b
useful in the past in determining the band edges
LaCrO3,42 LaMnO3,43 and LaFeO3,44 by drawing tangents
to the rapidly changing leading edges of the experime
spectrum as illustrated in the figure. This procedure estim
the band gap to be about 2.360.3 eV in Y2BaNiO5 . These
results are further confirmed by the optical absorption sp
trum obtained from diffused reflectance measurements
Y2BaNiO5 shown in the inset. It clearly shows the absor
tion edge around 2.3 eV, which agrees well with the g
estimated from the UP and BI spectra. The estimate of
intrinsic band gap obtained here is substantially larger t
the activation energy~0.6 eV! observed in the resistivity
measurements.1 Thus it appears that the resistivity in th
measured temperature range is dominated by contribut
from impurity states inevitably present within the intrins
band gaps of such transition-metal oxides arising from fin
deviations from the ideal stoichiometry.

The narrow energy range of the HeI and BI spectra for
x50.2 and 0.4 nearEF are shown in Fig. 4. It is eviden
from the spectra that there is no spectral intensity atEF and
spectral features exhibit clear signatures of gaps in
charge excitation spectra of the doped compounds. Howe
the spectral intensity in the BI spectra of the doped co
pounds appears considerably closer toEF compared to the
undoped compound, leading to a substantial decrease o

FIG. 4. HeI and BI spectra of Y22xCaxBaNiO5 (x50.0, 0.2,
and 0.4! with a common Fermi level in order to show the char
excitation gap. The inset shows the optical~UV-VIS! absorption
spectrum of Y2BaNiO5 indicating a charge excitation gap of abo
2.3 eV.
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gap. This is clearly due to the formation of hole states aris
from doping; these doped states form within the char
transfer band gap of the parent compound, as is eviden
the spectra shown in Fig. 4. We estimate the gap to be a
0.6 eV in both the doped compounds, as shown in the fig
This is close to the activation energy extracted from the
sistivity measurements below room temperature on the
ent compound. Thus it appears that the conductivity gap
lower temperatures is controlled by states doped within
charge-excitation gap of the ideally stoichiometric co
pound, due to the inevitable presence of nonstoichiome
and defects. The existence of a pronounced gap of abou
eV in the doped compounds is in apparent contrast with
observation1 of variable-range-hopping transport, suggesti
a finite density of states atEF . However, we note that the
size of the gap is considerably larger than the thermal ene
scale over which the resistivity measurements were car
out (,300 K!. In such a situation, the low-temperature
(,300 K! resistivity can be dominated by very low densi
of states, below the level of photoemission sensitivity,
such states are present in the vicinity of the Fermi ener
Besides the existence of such a low density of states ac
EF influencing the low-temperature transport properties,
electronic structure of the doped systems is clearly do
nated by the formation of the midgap doped hole states
agreement with the results obtained in Ref. 45 based on
dynamical hole approach. However, the prediction of a fin
v precursor of Drude peaks in the optical conductivity co
prising the hole states delocalized over a sizable, but fin
length scale, is in contrast to the observation of a large
tinct gap (;0.6 eV! in the doped compounds. These obs
vations suggest that a disorder-induced Anderson local
tion, or the electron-correlation effect, alone is not sufficie
to explain the changes in the electronic structure of
doped compounds. Strong correlation effects which drive
gap formation will have to be taken into account simul
neously with the disorder effects. In this context, it is inte
esting to note that a recent treatment of simultaneous p
ence of disorder and electron-electron interactions
suggested46 characteristic signatures of disorder in terms
localized states acrossEF , and an overall gaplike structur
driven by correlation.

In conclusion, we have investigated the electronic str
ture of Y2BaNiO5 and the effect of hole doping in this sys
tem via substitution of Y31 by Ca21. Y2BaNiO5 is a
correlation-driven insulator with a charge excitation gap
about 2.3 eV. Band-structure calculations based on the lo
density approximation cannot describe the insulating gro
state. The doping reduces the overall bandwidth slightly
the occupied part of the electronic structure. More p
nounced changes are observed in the spectra correspon
to the unoccupied part of the electronic structure. Doped h
states are formed in the charge gap of the parent compo
the intensity of this feature grows systematically wi
anomalous spectral weight transfer from the Hubbard ban
similar to that observed in the higher-dimensional divale
nickelates~NiO and La2NiO4). The doped compounds als
exhibit a distinct gap of about 0.6 eV, though the transp
measurements exhibit a variable range hopping instead o
activated behavior. The presence of this finite-gap-like str
ture for all the compositions, along with the evidence o
low, but finite, density of states from resistivity measur
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ments, suggests an interplay of disorder and correlation
fects to be important in determining the electronic struct
of these compounds.
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