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Evolution of electronic structure with dimensionality in divalent nickelates
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We investigate the evolution of electronic structure with dimensiondtijyof Ni-O-Ni connectivity in
divalent nickelates, NiO (3), La,NiO,, PrLNiO, (2-d), Y,BaNiO; (1-d) and Ly,BaNiO; (0-d), by ana-
lyzing the valence band and the NpZore-level photoemission spectra in conjunction with detailed many-
body calculations including full multiplet interactions. Experimental results exhibit a reduction in the intensity
of correlation-induced satellite features with decreasing dimensionality. The calculations based on the cluster
model, but evaluating both NicBand O 2 related photoemission processes on the same footing, provide a
consistent description of both valence-band and core-level spectra in terms of various interaction strengths.
While the correlation-induced satellite features in NiO is dominated by poorly screfratdtes as described
in the existing literature, we find that the satellite features in the nickelates with lower dimensional Ni-O-Ni
connectivity are in fact dominated by tlower-screened ’(?Ez states. It is found that the changing electronic
structure with the dimensionality is primarily driven by two facta(i$:a suppression of the nonlocal contri-
bution to screening; anli) a systematic decrease of the charge-transfer enkrdyiven by changes in the
Madelung potentialfS0163-182@09)09619-§

[. INTRODUCTION a large extent is expected to be controlled by the dimension-
ality of the Cu-O-Cu network. This relative insensitivity of

Electronic structure of transition metal oxides has been athe band gaps between these compounds with different struc-
active field of research for several decades arising frontural motifs may be driven by a concomitant change in the
many puzzling issues such as the nature and origin of theharge-transfer energy.>*!°It has been suggestethat the
insulating state in partially filled @ systems, like NiO and change inA, which more than compensates the reduction in
the existence of metal-insulator transitidnis.is well known the near-neighbor coordination number in determining the
now that the electron-electron interaction effects play an impandgap, may be driven by changes in the Madelung poten-
portant role in determining the electronic properties in thesgja| with dimensionality.
systems. The interest in this particular class of compounds  Ejectronic structure of transition metal compounds in gen-
has seen an explosive growth in recent times due to the digya| and late transition metal oxides in particular have been
covery of several exotic properties exhibited by trans't'onusually described within a finite clust&F* or an impurity

me_tal OXédeS, SL.JCh as the colossal neganv_gi magnetQy, , jef4 containing a single transition metal site. In recent
resistance, and high-temperature superconductivitsuch times, it has, however, been found to be necessary to go

results have indicated a close interplay between the elecb'eyond the single transition metal-site model in order to pro-

tronic structure and the geometric structure in these “OMide an accurate description of the electronic excitation spec-
pounds. For example, it is observed that while divalent three- P P

dimensional copper oxide CuO is a wide band-gap insulat0|l,ra 9“ three-d|mens!onal .N' gnd Qu C.)X'dgs’l? suggestmg
essentially two-dimensional insulating 4GuO, becomes thg_lmportance ofllmpurlty-lmpurlt.y interactions in deter-
superconducting upon hole dopifgiere, the dimensionality MiNiNg the electronic structur'e. Whllg it is §tralgh'tforward' to
refers to the connectivity between the transition métaN) ant|C|patg that such TM-TM mte.ractlon.s via the mj[erve.nmg
sites for the transport of charge carriers governed primarily?Xygen sites would be less dominant with decreasing dimen-
by transition metal-oxygen-transition metal hopping interac-sionality of the TM-O-TM network, there has been no inves-
tions. A decrease in dimensionality is expected to reduce thigation of the systematic changes in the electronic structure
bandwidth by affecting the effective coordination number forwith dimensionality, so far. In order to obtain a more de-
such electron transfers. Hence, the effective electron correldailed understanding of the role of dimensionality in deter-
tion is expected to increase with decreasing dimensionalitynining the electronic structure, we investigate a series of
of the system. However, the band gap in several systems adivalent nickelates with different dimensionalities of the Ni-
found to be less sensitive to the change in dimensionalityO-Ni connectivity. The systems studied here are three-
For example, the band gaps in three-dimensional cupratdimensional NiO, two-dimensional LEIO, and PgNiO,,
CuO? two-dimensional LaCuQ,,’ and one-dimensional one-dimensional ¥BaNiOs, and zero-dimensional
Sr,Cu0;® and CaCuQ,® are about 1.4, 1.8, 1.5, and 1.8 eV, Lu,BaNiOs. We provide a brief overview of the structure
respectively, indicating that the band gap does not exhibiand physical properties of these systems in Sec. Il. Section
any systematic trend with dimensionality of the electroniclll and Sec. IV describe in detail the experimental and theo-
structure. This is somewhat unexpected since the Cu-O bon@tical methodologies, respectively, used for the present
distances, controlling the hopping interaction parameters, argtudy. The results and discussions are presented in Sec. V
similar in all these three compounds and the bandwiiitto ~ and conclusions in Sec. VI.
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(c) Y,BaNiOs

(b) (La/Pr),NiO, (d) Lu,BaNiO;
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FIG. 1. The crystal structures and the typical Ni-O-Ni connectivities present in the structure sho@nN®; (b) (La/Pr),NiO,; (c)
Y,BaNiG;; and (d) Lu,BaNiOs. The first three cases have corner shared Ni€tahedra extending in three, two, and one dimensions,
respectively, while LgBaNiO; has isolated Ni@ clusters.

Il. PREVIOUS WORK within the cluster approach, which we discuss later in Sec. llI
in detail, these estimates from various approaches differ
somewhat from each other. Moreover, the parameters esti-

bond length is 2.08 A . Each Ni is surrounded by six c»(y_mated from valence band and the core-level spectra within

gens forming a regular octahedron. The octahedra are coll® Same cluster model are also slightly dlffer_Je?ri_LFf’z“Re-
nected to each other along all threeg §, andz) directions ~ Cently, it has been shownthat a proper description of the

by corner sharing with Ni-O-Ni bond angle of 180°. Thus, SPectral shape of thepd,, core-level photoemission ob-
this system is an example of a three-dimensional network oferved in the experiments necessitates going beyond the
Ni2* in an octahedral crystal field of the oxygens. OpticalSingle-cluster approach emphasizing the importance of non-
measurements show the onset of absorption at about 4lgcal screening in determining the electronic structure of
eV, 2% which is consistent with the estimated bandgap fromNiO.

high-energy spectroscopic measureméhtsQuantitative The structur® of La,NiO,, s is K,NiF, derived [Fig.
analysis of the valence-band spectra, which is dominated b¥(b)]. The samples prepared in atmosphefe-(0.1) possess

the correlation effects have been carried out within the contetragonal structure with Ni-O-Ni bond angle 180°. The lat-
figuration interaction model for the NiQcluster!!3 From tice constants ara=b=5.4701 A andc=12.6401 A . The
these calculations it has been inferred that NiO is a chargeNi atoms are surrounded by six oxygen atoms making a dis-
transfer insulator £ <U) with a band gap of about 5 eV. torted octahedra with Ni-O bond lengths to be 1.9486 and
The parametrized cluster analysis as well as analysis of caR.261 A along and perpendicular to the Ni-O plane in the
culations within the local-density approximatiéri®?=2*  structure, respectively. These elongated octahedra are linked
have provided estimates of various electronic interactiorvia the corner sharing of oxygen atoms alongndy direc-
strengths, such as the hopping interaction strengths, th#ons and are well separated alomglirection, as shown in
charge-transfer energy, and the electron-electron multiplefig. 1(b). Thus, the electronic properties in this system are
interaction strengths. Besides certain approximations madessentially controlled by the electronic structure of the two-

NiO forms in the well-known rock-salt structurd-ig.
1(a)] with two interpenetrating fcc lattices of Ni and O. Ni-O
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dimensional network of NiQoctahedr&® Kuiperet al?’ ob-  shown in Fig. 1d). The NiQ; units are shown by shaded
served a charge excitation gap of at least 4.0 eV in thisegions in the figure. One Niunit with the appropriate
system on the basis of oxygeik-edge x-ray absorption bond lengths (1.963 A, 2.003 A, and 2.048 A) is also
study. Electron energy-loss spectroscopy shows similar speshown separately in the figure. All the Ni-O bond lengths are
tral features as in NiO suggesting similar charge excitatiorsmaller than that in NiO. It is clear from the figure that there
gap (~4.0 eV) in this systerd® Electronic structure of is no Ni-O-Ni type connectivity between different Nj@nits
Lay,NiO, has been investigated extensively due to the simiand thus, the electronic structure of this system is dominated
larity of its crystal structure with that of L&uQ,. Band by that of isolated Ni@ clusters representing a zero-
structure calculatio$°as well as analysis of various high- dimensional system. Physical properties and the electronic
energy spectroscopic d&ta’ have provided estimates of structure of this highly insulating compound have not been
various interaction strengths. As in the case of NiO, the dif-studied in any detail.
ferent sets of such estimates are somewhat varied.

PrNiO, also possesses,KiF, derived structure with
orthorhombic or tetragonal distortions depending on the oxy- Ill. EXPERIMENT
gen nonstoichiometry? Samples prepared in atmosphere ) ) ) i )
have the oxygen content of about 4.09 with orthorhombic Polycrystalline NiO, LaNiO,, PRpNIO,, Y;BaNiGs, and
structure, which becomes tetragonal at 565 K. This systerht2BaNiOs Weresggt_aglai{gﬁfollowmg the procedures reported
has slightly smaller lattice constantsa+5.3965 A, b  inthe I|terature’:.' “All the samples were character-
=5.4538 A, ancc=12.434 A ), compared to LaliO, due |zed'by x-ray dlﬁractloq measurements.. The N|Q §amples
to the smaller radius of Pt compared to L& (Ref. 32. obtained in our pre_pa_ratlons were green in colpr, indicating a
The distorted NiQ octahedra are connected by corner sharPfOPer 0xygen stoichiometry; nonstoichiometric samples are
ing as in LaNiO, alongx andy directions. Thus, the elec- <NOWn to be black. The oxygen stoichiometry of,MO, . 5
tronic structure is dominated by interactions within the@nd Y2BaNiOs, ; were estimated by the potentiometric titra-
ab-plane, providing another example of a two-dimensionaiftion and the nonstoichiometrysj was found to be 0.09 and
system with Ni-O-Ni bond-angle smaller-(160°) (Ref. 33 ~ 0.01, respectively. The nonstoichiometry in,RiO, pre-
than that (180°) in LgNiO,. Although a smaller Ni-O bond Pared by the same method is reported to be about®.09.
length compared to LAiO, will tend to enhance thed X-ray photoemission spectroscopic measurements were
interaction strength in BNiO,, the reduced Ni-O-Ni angle carried out with monochromatized A« source and dual
will suppress the Ni-O-Ni hopping interactions compensat-Mg Ka and Al Ka x-ray source in a VSW multipurpose
ing the overall change in the bandwidth to some extentspectrometer. The resolution in the measurements was 0.8
Transport measuremeftshow activated behavior with ac- eV in each case. The base pressure during the measurements
tivation energy for transport to be about 0.13 eV. An insula-was in the range of 210 1% mbar. All the measurements
tor to metal transition has been observed in this system agere performed at room temperature, in order to minimize
about 347 K §=0.09) % There is no detailed analysis of the the charging effects from these highly insulating samples.
electronic structure reported for RHO,. The samples were cleandu situ by intermittent scrapings

Y,BaNiOs is orthorhombié* with Nd,BaPtQ; type struc-  with an alumina file between the measurements and the sur-
ture as shown in Fig. (t). Here, the NiQ octahedra are face cleanliness was monitored by the shape of thesO 1
connected by corner sharing along ontydirection [see  feature and the total Cslsignals. In the case of highly
lower panel of Fig. {c)]. The octahedra are compressedinsulating samples, the charging effect was neutralized using
along the chain direction with bond Iength about 1.88 A anda |0W_energy electron flood gun and Mga radiation was
the bond length perpendicular to the chain direction is abouised for the measurements. We adopt the NiO valence band
2.18 A . The temperature dependence of the charge transpajiectrum from Kowalczylet al.* this earlier published re-
shows activated behavior with an energy gap of about 0.@yt, while being consistent with the NiO valence-band spec-

?‘V-s‘r_’ This particular system has attracted considerable atterrym recorded by us, has a considerably improved resolution
tion in recent times in view of the Haldane conjectirsug- (0.4 eV).

gesting a gapped spin excitation spectrum in a one-

dimensional S=1 spin chain. Extensive experimetit$®

have indeed established such a gap in the spin excitation IV. THEORY

spectrum of ¥%,BaNiOs. Thus, this system provides an ideal

example of one-dimensional electronic structure. The elec- In order to calculate various photoemission spectra from
tronic structure investigation based on photoemission meahese compounds, we consider the typical Ni€usters
surements shows spectral signatures of a charge-transfpresent in these systems. Thus, an octahedral iGster
insulator’® However, there is no quantitative analysis of thewas considered for the case of NiO, while distortei,(
electronic structure so far in the published literature. symmetry NiOg clusters were taken for LAIO,, PLNIO,,

A smaller rare earth Lu at the place of Y in this systemand Y,BaNiOs. Lu,BaNiOs; was represented by the NjO
changes the structure to a §@aCuQ type Pbnmstructure, cluster shown in Fig. @). The photoemission spectra were
where each Ni atom is fivefold coordinated with a distortedcalculated within a parametrized many-body multiband
square pyramidal geometf{.The lattice constants ara  model including orbital dependent electron-electfamulti-
=6.931 A, b=12.109 A, andc=5.634 A with four for-  plet) interactions. The model Hamiltonian can be expressed
mula units in each unit cell. The structure of JBaNiO; is  as
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The bare energies of Nid3 Ni 2p and oxygen p orbitals
H= 2 edadaa aa+2 fppmpm+2 EcC,w po are given byey,, €, ande,, respectively. The energies of
the d orbitals are determined by the crystal-field splitting.
ai at _— For the octahedral case, the splitting betweentjjeande,
+ IZ [tGpdaoPicT H-C-]+i2 [topPioPje+H.C] orbitals, 1Mq, was taken to be 0.5 eV. In the clusters with
o he D,, symmetry, the energies of thed3orbitals were ex-
ussrag! pressed in terms of T, Ds, andDt.%® In the present cal-
+a,875 021;720304 de d302d703d504 culations, we seDs=0.05 andDt=0.005 eV. The crystal-
’ field effect for the NiQ cluster in LyBaNiO; was
2 aﬁw + + approximated to be zero in the present calculations. The
+a Bur 004 daoldﬁozcnogcvw bare-energy difference between the Thand the oxygermnp
orbitalseg-€, is governed by the charge-transfer enetggs

+ 2 Loplullslv)ch,Coor . @) A=E(d°LY) —E(d®) =g~ ep+8Uqq. (4

nv, oo’
E(dML") represents the degeneracy weighted multiplet aver-
age energy of the™L" multiplets,L denoting a ligand hole

state. In the final state of the core-level calculations, how-
ever, the corresponding energy is given by

The fermion operatord , p! andc;rw represent the cre-
ation of an electron in Ni 8, oxygen 2 and Ni 2p levels,
respectively. The indicea— &, u—v, andi—|j denote the
Ni 3d, Ni 2p, and oxygen P orbitals, respectivelyU §57°
andU$%*" in the above Hamiltonian correspond to the mul- ,
tiplet mteraction strengths between Nid 3electrons and A :E(Zpdng)_E(ZPds):A_Udc 6)
Ni 2p—Ni 3d electrons, respectively. The multiplet interac- 4,e to the presence of the core hole.

tions within the 31 manifold were expressed in terms of the |t is well known that parametrized model Hamiltonian

Slater integralsFgy, Fgq, and Fdq and those within the approaches often lead to nonunique solutions due to the pres-
2p-3d manifold were expressed in terms;gd: de1 Gpa:  ence of a large number of parameters; thus, it is highly de-
andG? pd- The values of the Slater integrafg, Fig, Fods sirable to constrain the parameter values from other physical
Gpd, and Gp were fixed at 80% of their atomic Hartree- considerations. As already pointed out, we expect the hop-
Fock values for Ni*#*to account for the screening present in ping interaction strengths to be transferable from one com-
the solid*“*The values of the monopole terni&); andFS,  pound to another by scaling the Slater-Koster parameters,

were fixed according to the relations (pdo), (pdw), (ppo), and (ppw) by the Ni-O and O-O
distances. Moreover, the multiplet interaction parameters,
Ugg=Fy— 2/63F2+F4 ], (2)  Faa» Faa» Foa, Gpg, andG3 are also expected to remain
the same between the various divalent Ni oxides; thus, these
Uge= ng—(1/15)G (3/70)Gpd, 3) parameters were fixed at 80% of their atomic Hartree-Fock

values, according to the usual practice. This leaves us with

where the quantitied 34 andU 4 correspond to the multiplet only three parameters, namefRy, ng, andA, to simulate
averaged Coulomb interaction strengths. the spectral features of the four compounds discussed here.

The hopping interaction strengthsd;o between Ni 3l The freedom to choose the parameter values were further
and oxygen P orbitals were expressed in terms of the curtailed by requiring thafe], value be the same for all four
Slater-Koster parametéf{ pdo) and (pdr), while the hop-  compounds. Thus, we have tried to simulate the spectral fea-
ping interaction strengths between nearest-neighbor oxygengjres in the four compounds by adjusting the values of two
tgp were expressed in terms gbpo) and (ppw). We fixed  interaction strengths only, namel*E/o0| and A. We believe
the ratio of pdw)/(pdo) to be—0.5 in all the calculations. that this procedure of minimizing the number of adjustable
The values of ppo) and (ppw) were fixed to the estima- parameters is important to obtain reliable estimates of the
tions (0.6 and—0.15 eV, respectivelyobtained earlier in the interaction strengths. Moreover, the calculated spectra are
literature to describe the electronic structure of NiO in termg1ot equally sensitive to the variations in the interaction pa-
of cluster model and local-density approacfes Most of ~ rameters; thus, it has been generally found that the accuracies
the compounds studied here exhibit more than one Ni-O an€éf various quantities extracted from such analysis of electron
0-O distances within the NiQclusters. As the hopping pa- Spectroscopic data are aboti0.2, 0.5, and*+1 eV for the
rameters scale with the distance, we assume a scaling 8Ppping interaction, charge-transfer energy, and the core-
r=35 for the pd interactions andr 2 for the pp Vvalence Coulomb interaction strengths, respectively. The re-
interactions’’ however, the results are not particularly sen-liability of the extracted parameters can be further enhanced
sitive to the variations in these dependences within reasory analyzing different spectral functions within the same
able limits, as explicitly checked by us for several casesmodel, as has been done in the present paper for core-level
Thus, the number of adjustable hopping parameters was ré&nd valence-band spectra. Our results show that the accura-
duced to only onef{do), which was obtained by simulating C|es of estimates for the two adjustable parameterand
the spectrum of NiO. With this value fixed for NiO, the FJ pd are about+0.3 and*0.8 eV, respectively; calculated
various (do) values for different Ni-O interactions in the spectra withA and de outside this limit of the optimal
other compounds were obtained by scaling with the correehoice yields distinguishably poorer simulations of the ex-
sponding Ni-O bond lengths. perimental data.
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The usual practice of analyzing the valence-band spectra 2 Ni
" ; T 12p spectra
of transition metal oxides within similar many-body ap- _—’/\/\/‘ s
proaches has been to calculate the transition metat@n- g i
L e La,NiO }
ponent of the valence-band photoemission within such mod- a \j : a
els, while approximating the oxygenp2component by a L \ ’,’
Gaussian function. This allows the oxygep 2omponent to 880 870 860 850 840 830
have any energy most suited to simulate the experimental 4 \,,' H
spectra. This does not pose a serious limitation in cases like NiO :
NiO and CuO, since the valence-band photoemission of such 3 :
compounds is dominated by the transition metdl @ntri-
butions, arising from the equal atomic distribution between
the metal and the oxygen, and a much larger photoemission
cross section for the @8 states. However, the compounds
investigated here with oxygen to nickel ratio as high as 5:1,
the valence-band spectra are significantly contributed by the . \ o5
oxygenp-derived states, requiring a more unambiguous ap- Lu,BaNiO; \‘/ W ;\..u

Intensity
it
=]
g .
L
2.t ® A
{ r

proach to estimating this contribution. It is to be noted here
that the model described above also determines the oxygen X

contribution to the photoemission spectra and it is straight-
forward to calculate this component in exactly the same way
as that for the Nd contributions. Thus, the spectral function

885 880 875 870 865 860 855 850

corresponding to oxygep photoemission contributions in Binding energy (eV)
the valence-band spectrum was also calculated under the . _ . )
same parametrization for the results presented here. FIG. 2. Ni 2p core-level spectra of NiO, BNiO,, Y,BaNiGs;,

The calculation of the spectral function has been perdnd LwBaNiGs. The inset shows the Nigzand La 3i spectral
formed using Lanczos algorithf. The calculated photo- '€910n In LaNiO,. This spectrum is dominated by the Lal Sie-
emission spectra were convoluted with a Lorentzian havingVed Signals.
an energy dependent full width at half maximymWHM), o o
in order to account for the lifetime effects. The energy de-neglect of the oxygen bandwidth in the model Hamiltonian
pendence was considered to be linear following the earlie@PProach. Additionally, nonlocal screening channels have
literature!?>*35051 () =T o+ a X (e— &), where I'(e) is been shown to contribute a significant broadening in the

the half-width at half maximum of the Lorentzian to be con- three-dimensional casé.This possibly explains the extra
voluted at the energy, I' is a constant, ane, is the energy broadening needed for the three-dimensional NiO compared

of the lowest-energy feature in the spectrum. For the corel© the other compounds. _ _ _

level spectra we usell,=0.2 eV anda in the range of The width of the corresponding Gaussian functions for the
0.1-0.18. In the case of valence-band spectra, the value of 3d components in the valence-band spectra was 1.2 eV for
used was 0.1 anll,=0.15 eV in every case. Other broad- L&NiO, and Y;BaNiG;, and 0.8 eV for NiO. The oxygen
ening effects, such as the spectrometer resolution functiordP contribution in the valence-band spectrum was convo-
broadening due to solid state effects, were introduced bjuted with a Gaussian with larger widths-@ times in order
convoluting the lifetime broadened spectra with a Gaussiaf® Simulate the total spectrum; this may arise from the fact
function. In order to simulate the Nif2core-level spectra that the smallest clusters considered here have half of the
the Gaussian broadening used are 3.3 eV FWHM in the cadééarest-neighbor oxygen sites missing. It is knthihat the

of three-dimensional NiO and 2 eV in the lower dimensions Photoemission cross section for the oxygemlike states is

It is to be noted that the Gaussian broadenings used here afé/Ch smaller compared to the cross section of thedNiike
substantially larger than the width=(0.8 eV) of the resolu- States at the energy of Aa radiation. This was taken into
tion function of the present experiments. This need for arfccount by considering about 25% of the calculated oxygen
extra broadening for the core-level spectra is well known in2P intensity compared to that of the Nid3contributions,

the literature and possibly arises from various solid-state efvhich is about six times larger than the photoemission cross
fects, such as the phonons, oxygen bandwidth, and nonlocggection calculated for the atomic cases. Such an intensity
screening channels, not included in the Ni€uster model ~ ratio has indeed been used earlier in the literature in order to
considered here. While the phonon contribution is expecte@btain the total intensity of the photoemission speétta

to be not very large, the other two effects can contributeand is possibly related to the oxygen-oxygen and oxygen-
significantly. The main peak in the core region arises primairansition metal mteractlons in t.he sofitl. The inelastic

rily from a charge-transferred statiL’. The hole in the background present in the experimental spectrum has been
ligand (L) can be at any energy over the entire bandwidth@ccounted for by adding an integral background to the cal-
of the oxygenp band in a real solid, giving a spectrum of culated spectrum.

possible energies for tmizggl configurations. On the other
hand, in the model approach, this has a well-defined energy
due to the neglect of the oxyggnbandwidth. Thus, it be-
comes necessary to broaden the calculated spectrum beyondWe show the Ni ® core-level spectra of NiO, FXiO,,
the resolution and lifetime effects in order to account for theY,BaNiOs, and Ly,BaNiOs in Fig. 2 with the corresponding

V. RESULTS AND DISCUSSION
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spectrum of LaNiO4 shown in the inset. In the inset, it is (@) NiO [{(b) Pr,NiO,
observed that the Ladsignals overlap with Ni p signals b
extensively in LaNiO,, precluding any analysis of the elec-
tronic structure on the basis of the core-level spectrum in this
case. Thus, we use JNiO, for analyzing the electronic
structure of two-dimensional nickelates from the core-level
spectrum. There are four dominant features in each of the
spectra shown in the main frame of the figure. The intense
peaks in the energy ranges 850-858 eV and 868-875 eV

2

3

i, L YV PO IR .

binding energies are due to Npg, and 2, spin-orbit split R J )
signals, respectively. These signals are known to arise from T . . . . . .
the charge transferred well-screened final states in the case of © Y,BaNiO; || (d) Lu,BaNiO

NiO*? and LgNiO,.? In addition to these, the strong in-
tensity features in the energy ranges 858-868 eV and 875—
886 eV are the so-called satellites accompanying thg,2
and 24, main lines, respectively. These features are known
to arise essentially due to the unscreened or poorly screened
d® contributions in the final state. The maipg, and 204
signals of NiO appear distinctly broader than the correspond-
ing signals from the other compounds; thes2 spectral :
shape in particular suggests the existence of two features in LJ '?ggsfj
30 20

A=375eV A=25eV

Intensity

3 A 5 'I
1008707 43 iy
il A

10 0 30 20 10 0

the main line for NiO, the lowest energy main peak at about — *‘“':
853.5 eV binding energy with a shoulder at about 854.8 eV

binding energy. It is interesting to note that such distinct two Energy (eV)
featured spectral shape are not present in the spectra of other _ _ _
Compounds shown in Flg 2, bot[‘p&z and 331/2 main spec- FIG. 3. Comparlson of the expeﬂmen(ﬂipen CII’C|e$ and the

tral features are significantly narrower in these compound§alculated(thick lineg Ni 2p spectra for(a) NiO; (b) PNiOy; (c)
compared to those in NiO. Moreover, the main peak posi-Y2BaNiOs; and (d) Lu,BaNiGs. The corresponding bar diagrams
tions in these compounds (RiO,, Y,BaNiOs, and obtained from the cluster calculations are also shown. The numbers

Lu,BaNiOy) appear closer to the spectral feature appearin@ark the energi(_as where an a_nalysis of the character of_ the final-
as the shoulder at about 854.8 eV in NiO. Interestingly, in tate wave functions were carried out and the corresponding results
the zero-dimensional system JBaNiO;, the 2p;, main are given in Tables I-IV.
peak appears exactly at the energy position corresponding to
the shoulder in the main peak of Ni®ig. 2. This conclu-  region also exhibits substantial changes with dimensionality.
sively shows that the spectral feature at the higher binding he intensity of the satellite features in the compounds with
energy of about 854.8 eV arises from screening dynamic¥wer dimensionality is significantly lower compared to that
within the local NiQ, cluster, which is the only screening for three-dimensional NiO. This is somewhat surprising in
channel available for the zero-dimensional compound withview of the fact that a lower-dimensional system is expected
its isolated clusters. The main peak in NiO, whose contribut0 have a lower bandwidth and consequently, a higher corre-
tion decreases with decreasing Ni-O-Ni connectivity andlation effect; an enhancement of the correlation effect nor-
vanishes altogether for the isolated cluster compound, is theffally increases the intensity of the satellite in contrast to the
identified as arising from nonlocal screening channels as otbserved experimental trend. Thus, it suggests that there
served in cuprate¥. This provides an experimental verifica- Must be a compensating change in another electronic inter-
tion of the earlier theoretical predictions in the case of NiO action strength opposing the influence on the satellite inten-
where the calculations were performed to establish the norgity arising from decreased possibility of the delocalization
local nature of the screening responsible for the main pealf the reduced dimensionality. Detailed analysis of the spec-
within a multi-impurity model. In the case of three- tral shape suggests this compensating change is a systematic
dimensional network of NiO, it is necessary to consider sixlowering of the charge-transfer energdy with decreasing
neighboring Ni sites connected to the central Ni site via Ni-dimensionality, as discussed next.
O-Ni hoppmg Such a many-body calculation becomes pro- In order to obtain a quantitative description of the elec-
hibitively large and it was necessary to make use of certaiffonic structure in these compounds, we have calculated the
simplifying approximations? It is to be noted that in con- Ni 2p core-level spectra within the single-transition metal
trast, the two-dimensional and one-dimensional compoundeluster approach. The resulting calculated spectra are shown
discussed here have only four and two neighboring Ni sitespy the solid lines in comparison to the experimental spectra
This should enable the theoreticians to perform more comtopen circlegin Fig. 3. The calculated spectra without vari-
plete analysis without any further approximations within theous broadenings are represented by the bar diagrams. The
multi-impurity model. Thus, the present results provide aspectrum of NiO[see Fig. 8a)] can be well described with
suitable ground for testing the nature and origin of the non{pdeo)=—1.25eV, A=55¢eV, Fg,=7.0eV, and Fp,
local screening dynamics more rigorously, though such cal=9.2 eV. This value ong coupled with the values d&’s
culations are outside the scope of the present paper. representing the multiplet interactions between the Hi 2
The satellite feature associated with the Ni;2 spectral and 3 states yields a multiplet averaged value of the Cou-
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TABLE I. Contributions of various configurations in the final states of the plicdre-level photoemis-

sion in NiO.
Peak no. 1 2 3 4 5 6 7 8 9
Energy 0.0 1.12 5.63 6.47 8.97 9.70 10.42 11.29 11.84
d® 20.20 10.21 59.09 45.40 17.83 21.61 50.08 69.12 77.38
d9E 65.07 72.51 9.54 30.61 29.65 22.76 26.62 21.54 16.87

ato? 12.73 17.28 31.37 23.99 52.52 55.63 23.30 9.33 5.75

lomb interaction strength, 4. to be about 8.8 eV. Thel,  butions of various configurationsl}, d°L*, andd®L?) in
along withF3, and F&4 chosen from the Hartree-Fock cal- the corresponding final-state wave functions are listed in
culations gives the multiplet averaged valug,, of the  Table I. It is clear from the table that the main signal arising
Coulomb interaction strength between Ni 8lectrons to be from features in energy regions 1 and 2 is predominantly
6.53 eV, which is in good agreement with an earliercontributed by the charge transferred statéL(}), represent-
estimaté* of 6.86 eV, while it is smaller than another ing a state where the core hole is well-screened by the trans-
estimaté? of 8 eV. The calculated spectrugsolid line) over-  fer of an electron from the ligand levels to the Ni Bvels.
lapped with the experimental orfepen circlegin Fig. 3@  The main satellite intensity arises from states with primarily
suggests a good agreement between the two, particularly iscreenedi® character(marked 3 and ¥ Higher energy,
the region of g, satellite structure. However, the main |ower intensity features within the satellite region are con-
peak in the calculated spectrum consists of only one disceriyipted by states dominated by'®L2 configurations
ible feature appearing at the same energy as the shoulder %arked 5 and Bas well as by states with dominacdf

the main signal in the experimental spectrum. This is norconfigurations[marked 7-9 in Fig. @]. It is to be noted

surprising .since this calculation emplo_ying a Njioluster that thed®L* configuration has the lowest energy in presence
does not include the effect of delocalization of the holesof the Ni 2|_o core hole, whiled® andd®L2 configurations are

from the cluster via an itional screening channel involv- = . .
cluster via an additional screening channe ° bout 3.3 and 3.2 eV above tldL* configuration, respec-

ing the neighboring Ni sites; therefore, the present metho . Thi lai hv the lowe .
cannot account for nonlocal screening effé€tsesponsible tively. This explains why the lowest energy pelﬁke main
signa) in the Ni 2p spectrum is dominated hy"k configu-

for the main peak in NiO as discussed earlier. The compari='3 ; ; i .
son of the calculated and the experimental spectra in théations, while the satellite feature is contributed by bdth
energy region of the @,,, main signal exhibits similar agree- andd*L? configurations.
ment and discrepancy, as in thes case arising from the ~ We compare the Ni @ calculated core-level spectrum
neglect of nonlocal screening effects in the theoreticafsolid ling) for PpNiO, with the experimental on€open
model. In contrast to the case opg, related photoemission Circles in Fig. 3(b). We have used the same parametef,
spectrum, the observed spectral shape in the satellite regid?ﬁd, Fa‘d, ng, ng, Géd, anngd) values for the multiplet
of the 2p,, signal is not simulated well by the calculation. It interactions as in the case of NiO. It turns out that the core-
has been shown that a strong interference of the near- level spectrum of BNiO, can be simulated quite well by
threshold Coster-Kronig decay channels in the casepgf,2 changing only the charge-transfer energy frdm=5.5 eV
photoemission of transition metal compounds substantialljor NiO to A=3.5 eV. The resulting calculated spectrum is
modifies the spectra. Thus, the disagreement observed beempared with the experimental one in Figb3 exhibiting
tween the calculated and experimental,; 2 satellite struc- a good agreement. It is interesting to note that in this case,
ture is possibly related to such extra decay channels for thithe calculation within the cluster model with a single transi-
core-hole state, not included in the present model. tion metal ion provides a more satisfactory description of the
The comparison between the calculation and the experimain peak region indicating a considerably reduced influence
ment as depicted in Fig.(8 suggests that a quantitative of nonlocal screening contributions for the two-dimensional
description of the electronic structure of NiO can be pro-Pr;NiO,, in contrast to the three-dimensional NiO. Besides
vided on the basis of present estimates of the various pararthe role of dimensionality in determining the efficiency of
eter strengths. On this basis, the ground-state wave functidiie nonlocal screening channels, another contributing factor
is found to contain 84.8%, 14.9%, and 0.3%d8f d°L! and  in suppressing this screening mechanism may be the pres-
d9.2 configurations, respectively. This suggests an averagence of smaller Ni-O-Ni angféin Pr,NiO, compared to that
3d occupancy,ny, of 8.16 which, based on the past in NiO. This results in a further reduction in the probability
experienc€®®’ is expected to be a reliable estimate. Thus,of hole delocalization in BNiO,. An analysis of the ground-
the ground state of NiO is characterized by substantial covastate wave function shows 74%, 25%, and 1vadf dgkl,
lency effects in spite of large values bf,q andA. Interest- and d'°L? characters, respectively. This corresponds to an
ingly, this estimate is close to the val(®&2) obtained from average 8 occupancyny, of 8.27. An increased value of;
neutron diffraction measurementsEarlier analysis of NiO  in Pr,NiO, compared to NiO indicates an enhanced effect of
electron spectroscopic data obtainedto be 8.22(Ref. 12 covalency in PNiQ,, arising from a significant decrease in
or 8.18 (Ref. 24. In order to understand the nature of the A. Contributions of various electronic configurations®
final states responsible for various features in the core-leved®L?, and d'%?) to the final state wave functions corre-
spectrum energy positions marked 1-9 in Fig@ap| contri-  sponding to features marked 1-10 in Figb)3are listed in
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TABLE II. Contributions of various configurations in the final states of the Nicdre-level photoemis-
sion in PENiQ,.

Peak no. 1 2 3 4 5 6 7 8 9 10
Energy 0.0 0.57 13 6.8 7.82 10.10 11.26 12,57 13,59 14.30

d8 8.64 13.12 6.74 32.03 1860 4035 6573 78.32 8351 84.56
dQE 63.00 63.74 6391 2025 2095 3059 2411 1787 1437 13.53
leEZ 27.18 2314 2935 47.72 5245 29.06 10.16 3.81 2.12 1.91

Table II. Once again we find that the main peak has primathe figure. These characters, in terms of the well-screened
rily well-screenedd®L! character, as in the case of NiO. d°L, poorly screened®, and over-screenedi®.? configu-
However, the character of the leading featuraarked 4 and rations are similar between JNiO, and Y,BaNiOs, due to
5) in the case of BNiO, is dominated byd*°L? configura-  their similarA values. Thus, the main peak arises due to the
tion, in contrast to the case of NiO with its dominadt  well-screenedi®L! state and the leading features in the sat-
character in this energy range. This implies that while theellite are primarily due to overscreenddfL? configurations
predominant character of the leading satellite intensity inwith the poorly screened?® states contributing significantly
NiO is the “poorly screened'tl® state as reported earli€r, to the higher-energy region within the satellite structure.
the same satellite spectral region inIRIO, has to be inter- In order to obtain the parameter values for the zero-
preted as an overcompensated screening or “over-screenedimensional case, we have calculated the Nire level
d'%? state with two charge-transfered electrons screeningpectrum for LyBaNiOs. The calculation considers the ac-
one core hole, in contrast to the usual interpretation. Thisual bond lengths in the NiQcluster of this compound. The
surprising fact follows from the energetics of different elec-experimental and the calculated spectra are plotted in Fig.
tron configurations arising from a changeAnbetween NiO  3(d), with A=2.5 eV andU4,=7.3 eV (ng:7_7 eV). Itis
and PgNiO,. While, in presence of the core-ha#8L* con-  evident from the figure that the calculated spectrum de-
figuration still has the lowest energy, the energieslband  scribes the experimental one very well. Such good agreement
d'°L? states are 5.3 and 1.2 eV, respectively, with respect tyith the results of a single NiQcluster calculation is indeed
the d°L" state in PsNiO,. This energy ordering is respon- to be expected, since the NjQnits in this compound are
sible for making thed*°L* state contribute dominantly in the isolated in the lattice leading to a negligible interaction be-
leading satellite features of MiO,. The higher-energy tween one cluster and another; thus, the cluster approxima-
spectral region within the satellite feature, marked 6—10 injon becomes nearly exact for the charge dynamics in this
Fig. 3(b), is, however, dominated bgi® contributions(see  system and the calculated spectrum provides a reliable de-
Table 1I). scription of the experimental spectrum up to about 24 eV.
We show the calculated Nif2core-level spectrunisolid  The mismatch beyond this energy region within the;2
line) for Y,BaNiOs in comparision to the experimental one satellite is possibly due to the presence of Coster-Kronig
(open circles in Fig. 3(c). The calculated spectrum in this decay channels as discussed in the case of NiO. The de-
case was obtained fax=3.75 eV andUy.=8.6 eV (corre-  crease of th& 4. value in this compound compared to those
sponding toF3d=9.0 eV), while keeping all other param- in NiO, Pr,NiO,, and Y,BaNiOs is possibly related to the
eters the same as in the case of NiO angdNiD,. While the  fact that the bond lengths are considerably smaller for all the
A value for this one-dimensional nickelate is marginally Ni-O bonds in this zero-dimensional compound, giving rise
larger than that € 3.5 eV) in the two-dimensional fMiO,,  to more efficient screening of the core hole due to extra-
it is substantially smaller than tha (=5.5eV) in three- atomic relaxations. The ground-state wave function for
dimensional NiO. The ground-state wave function for thisLu,BaNiOs has 71%, 28%, and 1% af, d°L*, andd*’L?
parameter set contains approximately 76%, 23%, and 1% afonfigurations. Thus, the totald3count is 8.3, which is the
the d®, d°L*, and d*°L? configurations, respectively. The highest value oy among all the compounds investigated
average number ofdBelectronsng is 8.24 in this case. The here. This is evidently related to the lowestvalue leading
characters of the wave functions in the final states are giveto the largest covalency effect. The characters of final states
in Table Ill, with the corresponding energies marked 1-10 inare listed in Table 1V, with corresponding features marked

TABLE lll. Contributions of various configurations in the final states of the Nicre-level photoemis-
sion in Y,BaNiGs.

Peak no. 1 2 3 4 5 6 7 8 9 10
Energy 0.0 0.53 1.35 6.58 7.65 9.44 1019 1113 1225 13.23

d8 9.02 12.86 730 33.08 1752 3437 57.02 7311 81.07 85.00
dQE 6458 64.37 65.12 1650 27.72 27.62 2684 2020 1581 13.06
leEZ 2440 2277 2758 5041 5476 38.02 16.14 6.69 3.12 1.94
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TABLE IV. Contributions of various configurations in the final states of the plicdre-level photoemis-
sion in Lu,BaNiOs.

Peak no. 1 2 3 4 5 6 7 8 9 10
Energy 0.0 0.34 2.13 4.09 5.98 7.40 8.99 10.46 11.06 12.19

d8 7.29 9.34 3.95 251 1830 1433 4109 70.51 80.03 84.64
d9E 63.50 63.33 66.59 8233 2599 2630 3254 2284 16.36 13.50
leEZ 2921 2733 2946 1515 55.70 59.38 26.37 6.65 3.61 1.86

1-10in Fig. 3d). The character of various features are againcontrast, an increase in the electron-electron interaction
similar with those in one- and two-dimensions, with the lead-strength by 0.8 eVK2,=8.5 eV) between the core and va-
ing energy features in the satellite region being more markience electrongdot-dashed lineenhances the intensity of
edly over-screened in nature arising from further reduction othe poorly screened states relative to the intensity of the
A and consequently, a greater stabilization ofdh®.% over-  over-screened states within the satellite features. Such
screened configuration compared to the poorly screened coghanges are not surprising since the increaﬁjﬂncreases
figuration. the stabilization of the electrons in the Ni3devels in the
The above results show that the Np Zpectra of the final states due to increased attraction between the core hole
divalent nickelates in various dimensions are well describednd valence electrons. The separation between the main sig-
within the cluster approximation. In order to establish thenal and the satellite feature is found to increase with the
sensitivity of the calculated spectra on the various interactiofncrease of 0.2 eV in the value pfdos (= —1.5 eV) along
strengths, thereby obtaining estimates of errors in evaluatingjith a reduction in the satellite intensitdashed ling It is
these strengths from the comparison of experimental and cajhus obvious from the figure that the errors in estimating
culated spectra, we show the effect of the change of variougarious parameter values are less than 0.5 e\Afod.2 eV
parameters in the calculated spectrum in Fig. 4, taking thégr pde, and 0.8 eV forF9,,.
case of zero-dimensional system as an example. The solid The valence-band spectra of all the compounds are shown
line represents the calculated spectrum for the optimum pap, Fig. 5. The main frame of the figure contains the valence-
rameter set, discussed before. An increase only from 2.5 pand spectra of three-dimensional NiO, two-dimensional
to 3.0 eV(dotted line in the figureleads to an increase in the La,NiO,4, and one-dimensional ;BaNiOs;. The spectra cor-
intensity of the overscreened states compared to the intenSiFlésponding to BNiO, (two-dimensional and LuBaNiOs
of the poorly screened states within the satellite region. 'rtzero—dimensionalare shown in the inset of the figure. It is

o Expt. N Valence band
Optimal Pr,NiO,

Lu,BaNiO,
12 8 4 0
Y,BaNiO,

Intensity

Intensity

30 20 10 0
Energy (eV)

12 10 8 6 4 2 0

FIG. 4. Experimental Ni P core-level spectrunfopen circley
of Lu,BaNiOy along with the simulated spectra for various param- Binding energy (eV)
eter strengths. The solid line is calculated with the optimum param-
eter set, as described in the text. The dotted line shows the spectrum FIG. 5. Valence-band spectra of NiO, JNiO,4, and Y,BaNiOs.
corresponding taA =3.0 eV with all other parameters remaining The spectrum corresponding to NiO has been adopted from the
unchanged. The dashed line and the dot-dashed line represent thterature (Ref. 42. The inset shows the valence-band spectra of
spectra corresponding fdo=—1.5 eV anngd=8.5 eV, respec- Pr,NiO, and LyBaNiO; demonstrating the dominance of thé 4
tively. signals of the rare-earth elements involved in the compounds.
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FIG. 6. Comparison of the experimentalpen circles and the
calculated (thick lineg valence-band spectra ofa) NiO; (b)
La,NiO,; and (c) Y,BaNiOs. The contributions from Ni 8 (thin
lines), O 2p (dashed ling and the inelastic backgroundotted
lines) to the total calculated spectra are also shown along with théshort dashto account for the inelastic scattering of the pho-
corresponding bar diagrams obtained from the cluster calculationggemitted electrons. As is evident from the comparison in
The numbers mark the energies where an analysis of the charactsrg_ 6(a), the calculated spectrum provides a good descrip-

of the final-state wave functions were carried out and the corretjon of the experimental one over the entire energy range,
sponding results are given in the Tables V-VII.
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ergies in the case of BaNiOs3° and LgNiO,?® shows that

the intense feature around 5 eV binding energy is dominated
by the photoemission from the bonding levels with large
oxygen 2 character and the feature at about 3.5 eV hinding
energy are related to primarily oxygen levels with a non-
bonding character with respect to 88 O p interactions. The
broad and intense feature in the energy range 8-10 eV has
been interpreted as correlation induced satellites associated
with the photoemission of Ni @ states.

In order to provide a quantitative analysis of the features
in the valence-band photoemission spectrum of NiO, we
have calculated the same within the cluster model that was
also used for the calculation of the core-level spectrum. It is
well knowr?* that the valence band and the core-level spec-
tra often require slightly different sets of parameter strengths,
such as the charge-transfer energy and the electron-electron
interaction strengths. In the core-level spectral simulation,
we used only two parametess and ng as adjustable ones,
in order to minimize the number of free parameters. In the
same spirit, we usd@ as the single adjustable parameter for
calculating the valence band spectra. It turns out that a good
description of the NiO valence band experimental spectrum
is obtained with the multiplet averaged charge-transfer en-
ergy A being equal to 5.5 eV, which is the same as that
obtained from the core-level calculatipsee Fig. 8a)]. This
provides further credence to the reliability of the estimates of
charge-transfer energy obtained in the present paper. We plot
the calculated spectrurgthick solid lin@ compared to the
experimental spectrurtopen circley in Fig. 6(a). The total
calculated spectrum is composed of the contributions arising
from the Ni 3d photoemission(thin solid ling, the O 2
photoemissioridashed lingboth calculated within the same
mode] and a smoothly varying integral background function

except for some underestimation of the intensity at about 2
eV. Most of the distinct spectral features arise from the Ni

clear from the inset that the signals corresponding to the N8d photoemission contributionghe thin ling, which pro-

3d and O % photoemissions are almost completely smearediide a particularly good agreement for the spectral regions
out due to the overlap of the large intensity of dignals  near the main peak and the satellite regions. The oxygen 2
arising from the rare-earth elemer(®r and Ly present in  photoemission contributions provide a featureless broad in-
these two samples, and therefore precludes any quantitativensity between about 0 and 5 eV, with a peak at about 2.2
analysis. All the spectra are normalized at the energy posieV. Since we use exactly the same parameter set here, as in
tion of the Ni 3d peak manifested in the photoemission specthe core-level calculation for NiO, the description of the
trum of NiO. The energy region 1-4 eV binding energies isground-state wave function remains identical between the
primarily dominated by the Ni @ related features and the two cases. We show the character of the various final states
oxygen 2 contributions appear at higher energies. Theresponsible for different features in the spectrum in Table V.
analysis of the valence-band spectra with various photon ent is evident from this table that the lowest energy excitations

TABLE V. Contributions of various configurations in the final state of valence-band photoemission in

NiO.

Peak no. 1 2 3 4 5 6 7 8 9 10 11 12
Energy 00 041 128 172 266 357 431 549 6.05 7.03 867 952
d’ 21.86 37.98 2385 2461 O 862 659 232 3950 43.13 5851 67.33
d®L  64.66 54.93 66.31 64.62 91.62 81.33 87.89 90.14 4851 32.14 27.06 8.96
dL? 1311 6.98 9.69 1058 838 10.00 548 7.48 11.74 23.16 14.17 23.07
dloLs 037 011 015 019 O 0.05 004 006 025 157 026 0.64
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TABLE VI. Contributions of various configurations in the final state of valence-band photoemission in
Lay,NiO,.

Peak no. 1 2 3 4 5 6 7 8 9 10 11
Energy 0.0 0.98 1.28 1.67 2.62 3.44 4.38 6.08 7.56 8.50 9.46

d’ 16.41 27.18 16.92 1827 409 0O 0.35 1.87 5558 50.60 58.72
d’L 6331 6043 66.48 66.60 7546 89.52 83.90 8228 1565 2420 11.67
d°L? 1948 12,09 16.23 14.75 19.83 1048 1551 1558 27.43 23.98 28.64
alo3 080 031 037 039 061 O 024 027 134 122 097

in the valence banfimarked 1-4 in Fig. @] corresponding much lower intensity compared to that in NiO. The param-
to the main peak are dominated by tH&L.! configuration eters simulating the spectra of INiO, and NiO suggest that
with a substantial contribution~22-38 %) from thed” this reduction in the satellite intensity primarily arises from
configuration. In contrast, the weaker intensity featurethe reduction in the\ value leading to an increased cova-
(marked 5—8 between 2—-5.5 eV have almost pur@lfL' |ency that transfers spectral weight to better screened final
character with little contribution from all the other ConfigU' states. In this case, the ground_state wave function contains
rations. The O P photoemission contribution is also ob- gphout 77%, 22%, and 1% of, d°L', andd'® 2 configura-
served precisely in this range of energies consistent with thﬁons, respectively, with a corresﬁ)nding total 8ccupancy
experimental results with lower photon energiéghe sat- ng equal to 8.23. These results indeed show thaNi@, is
ellite fgatu_re span;mg the energy mteryal (.5_10[3\&”;? more mixed valent due to the increased covalency compared
sc)c;nlﬁzg:Jnraiilgﬁ sz?/)i%h ?ﬂ'sor?ng‘;:g?b?gt ggr?ttrrilk?ﬁttifr?sfrfor(r)n mng tq NiO. The character of the spectral features appearing at
) , S - .. — . different energy regions are tabulated in terms of various
andd”L - configurations; these results are similar with earlier . . . . o L
interpretationd224 conﬂguratpns in Table VI; the qualitative trend here is simi-
lar to that in NiO (Table V). The 0-2 eV energy region

Now we turn to the valence-band spectrum of two- L . L )
dimensional nickelates. As we have already pointed out, it isgrgalrked 1_4 n F'g'_ @)] is pnmanly contributed by t?e
L* configuration with an admixturél5—-20 % of the d

not possible to analyze the valence-band spectrum o‘i’ o 2 ) . A .
PrL,NiO, due to the interference from the Pf 4ignals. In- andd”L“ configurations. An increased contribution from the

stead, we analyze the valence-band spectrum giliQy, as d®°L2 configuration to this energy region corresponding to the
a representative case of the two-dimensional electronic struéeading spectral features in 44O, compared to that in NiO
ture. In order to simulate the valence-band spectrum ofsee Table V, is due to the increased stability of tdéL?
La,NiO, with A as the only adjustable parameter, we findstate in LaNiO, as a consequence of the lonkewvalue. The
that it is not possible to provide a proper description with theNi 3d photoemission contribution has nearly pdf¢* char-

A value that was used for the core-level calculation of theacter in the energy range 3.5—7 eV with negligible contribu-
other two-dimensional nickelate fNiO,. Instead, it was tion from other configurations. The spectrum in this range is
found that a somewhat larger (=4.25 eV) is required to entirely dominated by the photoemission contribution from
simulate the experimental spectrum. We show the resultin@ 2p states, as shown in the figure. The satellite region
calculated spectrurtthick line) in comparison to the experi- (7—10 eV} is dominated by thel” configuration (~50%) as
mental one(open circley along with the individual Ni 8 expected.

(thin line) and O % (dashed lingcontributions in Fig. &). The valence-band spectrum of one-dimensional
It is to be noted here that the contribution of the @ @ates Y ,BaNiOs is shown in Fig. ). While the first 10 eV of the

in the valence-band spectrum of INiO, is considerably spectrum is contributed almost entirely by Nil Z&nd O 2
larger compared to that in NiO, arising from the much largerstates, the rising spectral signature beyond 10 eV arises from
O to Ni atomic ratio in LaNiO,. While theA value is larger the photoemission signal from Bap5Slevels appearing at
than that used for BNiO, core-level spectral simulations, it higher energie?? In order to provide a reasonable descrip-
is significantly smaller than thatA(=5.5eV) in three- tion of the experimental spectrum in terms of the calculated
dimensional NiO. It is evident from the comparison in Fig. spectrum, it was found necessary to use a valug sbme-

6(b) that the calculated spectrum provides excellent agreewhat larger than the one estimated from the core-level analy-
ment over the entire energy range up to about 11 eV. Thsis. In the present cas& =4.5 eV provides a reasonable
calculated spectrum of the Nid3states shows the dominant description of the valence-band photoemission spectrum
contribution around 0—2 eV with weak intensities distributedfrom Y,BaNiOs. We show the comparison between the ex-
in the higher energy regions. The spectral intensity in theperimental spectrum and the calculated one along with the
energy range 3—7 eV is primarily due to the photoemissiorcalculated Ni 8 and O 2 contributions in Fig. €). As in

from the oxygen P states with small contributions from Ni the other cases, the calculated spectrum provides a reliably
3d states. This result is consistent with the experimental obaccurate description of the experimental one. This valu® of
servations concerning the changes in the spectral intensitiedong with the other parameter strengths characterizes the
with different photon energie. There is a distinct satellite ground state as 80%, 20%, and 1% of it d°L?, and
feature in the energy range 7—10 eV contributed almost end°L? configurations, respectively, resulting in apof 8.21.
tirely by the Ni 3d photoemissions. This satellite feature hasThe characters of different spectral features are tabulated in
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TABLE VII. Contributions of various configurations in the final state of valence-band photoemission in
Y ,BaNiOs.

Peak no. 1 2 3 4 5 6 7 8 9 10
Energy 0.0 0.96 2.54 3.04 4.09 4.79 6.10 7.46 8.38 9.49

d’ 18.04 28.80 2.46 0.03 2.05 2.21 423 45.68 43.36 4851
dSE 63.67 59.94 7856 8595 82.18 87.21 8164 31.08 19.58 17.23
dQLZ 17.67 11.00 1848 14.02 15.67 10.39 13.88 2245 3435 33.27

ato3 065 025 051 O 011 019 026 079 271  1.00
Table VIl and are similar to those in LHiO,. lations. While the electron-electron interaction parameters,
Electronic structure of transition metal compounds hagiamely — F3q (=7 eV), Fia(=9.175eV), Fgq

been categoriz&8°?in terms of the well-known Zaanen- (=5.698 eV), F2; (=5.791 eV), G,4(=4.341 eV), and
Sawatzky-Allen phase diagram based on the relatives}, (=2.468 eV) were kept fixed for all the compounds and
strengths olU, A, andtg,. In the insulating regime of large the hopping interaction strengths were obtained by scaling a
A and U, A>U characterizes a Mott-Hubbard insulator, single set of pdo), (pdw), (ppo), and @Epw) with the
while one obtains a charge-transfer insulator in the opposit@li-O and O-O distances, the figure clearly shows that
limit U>A. It has been pointed out earftér®that NiO is  reduces with the decrease in dimensionality with a concomi-
characterized byU=A, which is in agreement with the tantincrease in the values nf. The charge-transfer energy
present finding. This places NiO close to the boundary reA can be expressed as,

gion between the charge-transfer insulators and Mott-

Hubbard insulators; this has led to the classification of NiO A=E(d"" LY ~E(d")= €4~ ey +NUqq.

as an insulator with mixed character. We find tiatde- , i i
creases rapidly across the series with decreasing dimensiofitUs;Uad P€ing unchanged across the series, the change in
ality, suggesting a more pronounced charge-transfer insulaté} 1S Primarily related to the change ire{—¢p), the bare-
character for the compounds with lower dimensional crystafnergy difference. The value of this term besides depending
structure. Zero-dimensional LBaNiOg with Uy=6.52 eV ©N the atqmlc potentlals, is influenced considerably by the
andA=2.5 eV clearly belongs to the charge-transfer limit, CTySta! lattice potential. _

We investigate the changes in the valueAoandng in Fig. In order to investigate the role of Madelung potential on
7. The open symbols denote the valuesngfand the solid the chgrge-transfer energy, we have cfalculated the Madelung
symbols show the\ values. The triangles in the figure rep- potential for each of the cases studied here. The charge-

resent the estimates from the valence-band calculations afffR"Sfer energy is related to the difference in Madelung po-

. . . 63 .
the circles represent those from the N 2ore level calcu- tentials at Ni and oxygen sited/y).” Following Ref. 64,
AV\, can be computed for a given lattice under the assump-

tion of fully ionized atomic sitegionic limit) in the lattice.

This way, we obtain the value @fV,, for three-dimensional
or 483 NiO, to be 48.36 eV. The values afV,, in two-dimensional
I g ] La,NiO, range between 48.62 and 49.48 eV arising from
81 nonequivalent oxygen sites in this compound/,, is some-
; _ T 182 what smaller (48.14—49.08 €Y in one-dimensional
I ] Y ,BaNiGs; there is a further decrease to 46.14—-47.09 eV for
~ 6k zero-dimensional LyBaNiOs. Thus, the overall decreasing
% I 181 . trend inA with decreasing dimensionality follows the trend
: 51 = obtained inAV,, in these compounds, except only for the
: case of NiO. It is important to note here that, the values of
41 180 AV\, are calculated assuming ionic configurations of all the
i elements in the solid and it is possible that a more accurate
3F 179 determination of this quantity including the true charge states
[ ) may account for the case of NiO also. This is indicated by
2r the fact that NiO has the most ionic ground state among all
[ . . . the compounds studied here; this should in general enhance
0 1 2 3 AV, for NiO compared to the other compounds.

Dimension
VI. CONCLUSIONS
FIG. 7. The charge-transfer energy (solid symbol$ and total

3d electron countsny (open symbolsare plotted as a function of In conclusion, we provide a detailed study of the elec-
the dimensionality of the Ni-O-Ni network. The triangles are the tronic structure of divalent nickelates with different dimen-
estimations from valence-band calculations and the circles are thosgonality (Ni-O-Ni connectivity). The electronic structures of
from the Ni 2p photoemission calculations. these compounds exhibit substantial changes with the change
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in the dimensionality. We analyzed the electronic spectramission from a primarily poorly screendd state in NiO to
within the cluster approximatioavaluating both NBd and  a dominantly overscreened JdLZ state in the compounds

O 2p contributions on the same footinthereby providing a with lower dimensional Ni-O-Ni networks. The results
quantitative description of the electronic structure in eachtlearly establish a systematic undermining of the influence of
case. It is found that the changes in the electronic structurghe nonlocal screening channel on the spectral shape with
are primarily due to a systematic variation in the chargegecreasing Ni-O-Ni connectivity and provide a suitable test-
transfer energy &). Since the effective coupling between ing ground for more rigorous theoretical treatments within
the Ni sites determining thed3bandwidth is controlled by  he muylti-impurity models to unravel the nature and origin of

Ni-O-Ni hoppings, a reduction of the dimensionality is ex- nonlocal screening dynamics in transition metal oxides.
pected to reduce the bandwidth; on the other hand, a con-

comitant reduction in the charge-transfer enefgyenhanc-

ing the effective coupling between the Ni sites at least
partially compensates the bandwidth reduction. Moreover, a
change inA directly influences the band gap within the  The authors thank Professor C. N. R. Rao for continued
charge-transfer regime. The changeAins primarily related  support and the Department of Science and Technology,
to changes in {3—¢€,), the bare energy difference due to Government of India, for financial support. K.M. and P.M.
changes in the Madelung potential. Another important conthank the Council of Scientific and Industrial Research, Gov-
sequence of decreasirdygis to increase the averagel dc-  ernment of India, for financial assistance. The authors also
cupancyng, with decreasing dimensionality in these divalentthank Professor S. Ramasesha and the Supercomputer Edu-
nickelates. This change ik is also responsible for changing cation and Research Center, Indian Institute of Science, for
the character of the satellite feature in the core-level photoproviding the computational facility.
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