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The electronic structure of the formally &umetallic LaCuQ has been studied by photoemission and
X-ray-absorption spectroscopy. By analyzing the valence-band andpGioi2-level photoemission spectra
using a Cu@ cluster model, the charge-transfer energy is estimated te beV, indicating that the ground
state is dominated by the#’L configuration with which thel® configuration is strongly hybridized, whete
denotes a ligand hole. However, agreement between the experimental results and the cluster-model calculations
is not satisfactory for the detailed line shape of the main peaks. Especially, thep Gur&y-absorption
spectrum cannot be well explained by the single-site cluster-model calculation, suggesting the importance of
intercluster interaction. On the other hand, the existence of the charge-transfer satellite in the Pauli-
paramagnetic state is explained by Hartree-Fock band-structure and self-energy calculations using parameters
deduced from the analysis of the photoemission spectra.
[S0163-182698)00315-4

. INTRODUCTION the other hand, in LaCuQwith a perovskite-type structure,
which has an almost 180° Cu-O-Cu bond angle, the inter-
Since the discovery of the highs copper oxides,the  cluster interaction is expected to be strong.

electronic structure of the hole-doped Cwxides has been For LaCuQ, two types of crystal structures have been
subject to extensive investigations. X-ray-absorption andeported: a rhombohedrally distorted perovskite structure
photoemission studies on the high-cuprates have revealed synthesized at higher oxygen pres§uamd a tetragonally
that the doped holes mainly go into the @ 2rbitals>*  distorted perovskite structure synthesized at lower oxygen
Formally Cd* oxides such as NaCyCand LaCuQ have  pressuré. Both the rhombohedral and tetragonal LaGuO
been frequently used as reference compounds in discussimgve been found to be a poor metaf whereas it has also
the existence of CU species in the higfi;, cuprates:®On  peen reported that the stoichiometric tetragonal LagCuO
the other hand, the electronic structure of the formallf'Cu shows a semiconducting behavidrBand-structure calcula-
oxides, which can be viewed as 100% hole-doped"Qix-  tions using the local-density approximatiéhDA) predict
ides, has attracted interest because it remains to be clarifiechCuQ; to be a Pauli-paramagnetic metal® Based on the
whether the ground states are dominatedbyreal C#*) or  LDA +U calculation, which predicts LaCuQo be an anti-
d°L (formally CU** but actually Cé" plus an oxygerp hole  ferromagnetic (AFM) insulator, Czyzyk and Sawatziy
L). If the latter is the case, the description of the electronichave claimed that the tetragonal LaGLi® a semiconductor
structures of such insulating and metallic states provides ufer the ideal stoichiometry and that its metallic behavior is
with a challenging problem. One such compound, NaguO derived from the oxygen deficiency. Few high-energy spec-
has been studied by photoemission spectroscopy and clusterescopic experiments such as photoemission spectroscopy,
model analysis and has been found to have a ground state which provide important information on the electronic struc-
d°L character with whicli® character is heavily mixeWe  ture, have been reported. In this paper, we present photo-
have argued that in a compound with this type of groundemission and x-ray-absorption spectra of tetragonal LagCuO
state the magnitude of the band gap is determined by thehich is almost stoichiometric and metallic. We have ana-
relative strength of the hybridization within the local GUO lyzed the spectra by the configuration-interactig@l)
cluster and that between the clustéféaCuQ, which has a  cluster-model analysis and have extracted the electronic-
90° Cu-O-Cu bond angle, is insulating because the band gagiructure parameters. Using the parameters deduced from the
opens due to the strong CuW30 2p hybridization within  cluster-model analysis, we have performed unrestricted
the CuQ cluster and the intercluster interaction is weak. OnHartree-Fock(HF) and subsequent self-energy correction
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FIG. 1. O 1s XPS spectrum of LaCuf ]
FIG. 2. Cu 2 core-level spectrum of LaCuyrompared with

the CI cluster-model calculatiofupper pangl Decomposition of

calculations on a Cu &-O 2p lattice model in order t0 e jine spectra into final-state configurations is shown in the lower
explain the photoemission spectra of Pauli-paramagnetiggne.

LaCuGQ;. We have also analyzed the Cp 2-ray-absorption

spectra in order to study how the intercluster interaction .
rr?anifests itself in high-enyergy Spectroscopy. good sample quality. The shoulder-a631 eV may be due

to surface contamination. Since the amount of the shoulder is
less than 10% of the Oslpeak, the surface contamination
Il. EXPERIMENT does not affect the following cluster-model analyses of core-
, level spectra. The base pressure in the spectrometer was in
Polycrystalhne samples .Of LaCuQvere prepared by the o 10w 10 -torr range for XPS and UPS and wasl
following procedure. A mixture of Lg; and CuO was o 1079 torr for XAS.
pressed into a pellet and fired at 850 °C for 2—3 h in air. The
product was milled and pressed into a pellet again. After
firing at 1000 °C in air for 24 h, LaCuf3 was obtained. The lll. RESULTS AND DISCUSSIONS
sample was further fired at 800 °C and 200 atoms for 48 h )
and at 400 °C and 400-500 atoms for 3—4 in grg@s flow. A. Core-level XPS
Stoichiometry of the compounds was established by iodo- The Cu 2 core-level XPS spectrum is shown in Fig. 2.
metric titrations as LaCug. o0, The samples show metal- The binding energy of the Cug2,, peak is 934.5 eV, which
lic and Pauli-paramagnetic behavidfs. is ~1 eV higher than that of CuO and is2 eV higher that
A Mg Ka source hy=1253.6 eV) was used for x-ray those of CyO and Cu metal® The Cu 2 spectrum has
photoemission spectroscopPS). XPS spectra were cor- Satellite structures, which have generally been observed in
rected for the MK a5 , ghost. Photoelectrons were collected late transition-metal oxides. Therefore, we have applied the
with a PHI double-pass cylindrical-mirror analyzer. The C! cluster-model analysis including the multiplet effett®
resolution including both the source width and the instru-Since in tetragonal LaCuQthere are four in-plane Cu-O
mental broadening was 1.0 eV for XPS. Ultraviolet photo- bonds of 1.909 A and two apical Cu-O bonds of 1.988°A,
emission spectroscopyUPS spectra were measured at We have employed an elongated octahedral LuofDster
beamline BL-2 of the Synchrotron Radiation Laboratory, In-With D4, symmetry. The wave function of the ground state is
stitute for Solid State Physics, University of Tokyo. The en-given by a linear combination af®, d°L, andd'®L? con-
ergy resolution was 0.3—0.5 eV for photon energies rangindigurations, whereL represents an oxygenpzhole. The O
from 40 to 100 eV. The Fermi level was determined by2p to Cu 3d charge-transfer energi is defined byA
evaporating Au on the sample. The binding energy in XPS=E(d°L)—E(d®) and the &-3d Coulomb interaction en-
was calibrated using the Auf4, peak at 84.0 eV. In order to ergy byU=E(d®) + E(d") — 2E(d®), whereE(d"L™) is the
prevent possible loss of oxygen atoms from the surface, theenter of gravity of thel"L™ multiplet. The transfer integrals
samples were cooled to liquid-nitrogen temperatrT)  between the Cu@and O 2 orbitals are expressed in terms
during the measurements. X-ray-absorption spectroscopyf Slater-Koster parameterpdo) and (pdw).'° The ratio
(XAS) was done at beamline BL-2B of Photon Factory,(pdo)/(pd) is fixed at~—2.22%%! The transfer integrals
Laboratory for High Energy Physics. The energy resolutionbetween the O g orbitals are given bypo) and (pp),
was ~0.2 eV at 530 eV. The photon energy was calibratedwhich are fixed at 0.60 and 0.15 eV, respectively. In addi-
using the O & edge of TiQ at 530.7 eV(Ref. 14 and the tion, we have scaled the transfer integrals following Harri-
Cu 2pg, edge of Cu metal at 932.5 €V.The XAS spectra  son’s rule, which predicts the dependence of the transfer in-
were taken at room temperatu(®T) in the total electron tegrals on the interatomic distanteThe value of pdo)
yield method. In order to obtain fresh, clean surfaces, thgiven below is for the in-plane Cu-O bond. The multiplet
samples were scraped situ with a diamond file. The O4  coupling between thedelectrons is included through Racah
core-level spectrum became almost a single peak by scrapimarameter® andC, which are fixed at 0.150 and 0.667 eV,
both at RT and at LNT(Fig. 1), which is an indication of namely,~80% of the atomic HF value€.The wave func-
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tions of the final states are given by linear combinations of T e

cd®, cd®L, andcd®L? configurations, where denotes a Cu Wal

2p core hole. The multiplet coupling between the Cp 2 \ /”\

core hole and Cu@ electrons is expressed in terms of Slater \w«w \

integralsF2, G*, andG?, which are also fixed at 7.08, 5.37, hv=1253.6eV A

and 3.06 eV, namely;-80% of the atomic HF value$:??In %

the cluster-model analysis of the Cyp XPS, we have four E | woooey \.

adjustable parameters\, U, (pdo), and tige multiplelt- % / %

fivg[a?%?gg?—w Coulomb interactionQ[ =F"—(1/15)G E [y /\\
Here, we have fixed) andQ at 7.0 and 9.0 eV, respec- "\

tively, which are close to the values obtained commonly in hv =70 eV ’ﬁ'\.

the cluster-model analyses of the late transition-metal _.....’/ K

oxides!®?3The best fit is obtained fak= — 1.0+ 1.0 eV and hv =40 eV \_

(pdo)=—1.7£0.2 eV as shown in Fig. 2. The energy sepa- A TN S

ration and relative intensity between the main and satellite 5 10 5 0

structures are reproduced. The ground state is the high-spin Binding Energy (eV)

state Wi.thSBlg symmetry as in the cubip cluster be(;ause the FIG. 3. Valence-band photoemission spectra of Lagta®en at
elongation of the octahedra or the ratio of the apical Cu-qw:40 70. 74. 90 and 1253.6 eV

bond length to the in-plane onel.04 is too small. In order

to stabilize the low-spin state compared with the high-spinnainly determined by the energy resolution of the analyzer,
state, the ratio is required to be larger than 1.13 with theynq that of the Lorentzian is-0.4+ 0.3E eV, where the
erSt'f't parameggrzset. The ground state has 8PY53%  first term is derived from the natural width of the x-ray
d’L, and 10%d L chglracters. Tﬂ)e Zflnal states are decom-soyrce and the second term proportional to the binding en-
posed into thecd®, cd’L, andcd™L." components in the ergy E is from the lifetime of the final states. The satellite
lower panel of Fig. 2. The main peaks have predominantlyrycture, whose existence becomes clear by subtracting the
both ¢d%.? and cd®L character and the satellite structures background due to secondary electrons, is well reproduced.
havecd®L character. In the ground state, the net number oHere, we have added the contribution from the Okand of

the 3d holes is 1.27, which is close to the ionic value of 3 Gaussian form centered-aB3 eV whose relative cross sec-
Cu?* rather than C¥. In this sense, the electronic structure tion to the Cu 2l band is assumed to be three times larger
of LaCuG; given by the single-site cluster model is similar 10 than that of the atomic calculatidh From the cluster-model
that of NaCuQ.” However, it is expected that the intercluster

interaction is important in LaCuf) which has an almost L B
180° Cu-O-Cu bond. Actually, the asymmetric line shape of (@) LaCuO; valence band
the main peak cannot be explained by the single cluster-
model calculation as the other Cu oxides such agCu&,,
which may be due to the intercluster interaction beyond the
single-site cluster modéf. The Cu 2 XPS spectrum of
LaCuQ; should be further investigated by a model including
the intercluster interaction.

Intensity

B. Valence band

The valence-band photoemission spectra taken at various

photon energies from 40 to 1253.6 eV are displayed in Fig. 30 25 20 15 10 5 o T
3. Since the relative photoionization cross section off0t@ Binding Energy (eV)

Cu 3d increases as the photon energy decreases, the struc-

tures at 3 and 5 eV mainly have the @ 2nd Cu 3! char- & ' ' ' ' o
acters, respectively. In the UPS spectrum takenhat - el d
=90 eV, the existence of the satellite structure located at a'L
~12eV is clear. The satellite region from 9 to 13 eV is £ e I B
strongly enhanced and the main-band region from0to 7 eV "~ N R

is not enhanced by thep33d resonancghv=74eV: on R T T T A S
resonancehr="70 eV: off resonande indicating that the 25 20 I3 10 5 0 -5
satellite can be regarded as a so-called charge-transfer satel- Binding Energy (eV)

lite. FIG. 4. (@) Cluster-model calculatiorithick solid curvé for

The calculated line spectra with=-1.0eV, U  glence-band photoemission spectra compared with the experimen-
=7.0eV, and pdo)=—1.7 eV have been broadened with a ta| result iv=1253.6 eV) of LaCu@ (dots. The thin solid curve
Gaussian and a Lorentzian and are compared with thgdicates the contribution from the Cud3orbitals, which is ob-
valence-band XPS spectrum in Fig. 4. The full width at halftained by broadening the line spectth) The line spectra are de-
maximum (FWHM) of the Gaussian is-1.0 eV, which is  composed into the configurational components.
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ian is taken to be energy dependent. For the self-energy cor-
rected result, the FWHM of the Lorentzian is fixed at 0.4 eV.
The HF solution for the PM metal is essentially the same as
that of the LDA calculatiort?!® In the HF calculation, the
broadey band, in which the O @ and Cu 3l orbitals are
strongly hybridized, crosses the Fermi level. As a result, the
calculatedt,y band is located at-3 eV, which is too deep,
N 1 and the deviation from the experimental result is large. The
HF + X ] HF calculation also fails to reproduce the satellite structure
N\ | from 8 to 13 eV. In order to calculate the self-energy around
. . . e B the HF solution, we have performed a second-order pertur-
St Binding Encrgy (eV) 1 bation expansion in Coulomb interaction using the local ap-
i A ] proximation, namely, neglecting the momentum dependence
Y i R AN N —— . of the self-energy. In the self-energy-corrected result, the
15 10 5 0 -5 -10 broadey band is strongly renormalized and is narrowed and
Binding Energy (eV) part of the spectral weight is transferred to the satellite re-
gion. However, the band narrowing and the intensity of the
FIG. 5. Spectral function of LaCuQcalculated using the HF  satellite structure are too strong, indicating the excessive
approximation(upper pangland that including the self-energy cor- self-energy correction. In the metallic solution, the screening
rection calculated using the second-order perturbatimwer  offect may be important and may have to be taken into ac-
par_1e}. The shgded area indicates the transmon-mewbﬁectrgl count, e.g., through the random phase approximaRiPA).
weight. In the insets, the calculated results are compared with tthcIusion of higher-order RPA-type diagrams is expected to
valence-band XPS spectrum. weaken the self-energy correction and improve the agree-
analysis, the final states both of the main-band region from ®ent with the experimental result.
to 8 eV and of the Sate”ite region from 8 to 13 eV are The intensity near the Fel’mi IeVel, Wh|Ch iS OVereStimated
mixtures of thed®L andd®L?2 configurations. The first ion- in the HF calculation, is still too strong in the self-energy-
ization state hagA,, symmetry, which is obtained by emis- corrected spectral function comp_ared v_vith the experimental
sion from thexz—yzg-type orbitals. re;ult. In order to reproduce the intensity at the Fermi level
Although the cluster-model calculation gives us an overallising the self-energy calculation, strong momentum depen-
picture of the valence-band XPS spectrum including the satdence of the self-energy is required. When the momentum
ellite structure, it is unable to describe the structure near théependence of the self-energy is strong empdmr is much
Fermi level. Here, we are going to interpret the valence-banéPWwer than 1, the spectral weight at the Fermi level is multi-
XPS spectrum of the metallic sample starting from the bandPlied by the factom,/myr and is strongly reduced. Here,
structure calculation. This attempt is meaningful even if theMur is the band mass in the HF calculation amg is the
metallic behavior is derived from the small nonstoichiom-So-calledk mass defined &
etry. In order to investigate the effect of the translational
symmetry of the Cu 8 orbitals beyond the single-site cluster _58EF
model, we have performed HF calculations and subsequent M/ M= ok FS
self-energy correction calculations on a Cd and O 2
lattice modeP® In this model, the intra-atomicd83d Cou- > (w) is the self-energy andkHF is the HF energy level. FS
lomb interaction is taken into account in terms of Kanamorirepresents that the above formula is evaluated on the Fermi
parametersy, u’, j, andj’, for which the relationships’  surface. In three-dimensional systems, the momentum de-
=u—2j andj’=] are assumetl. These Kanamori param- pendence of the self-energy beyond the local approximation
eters are related to Racah parameters throughA+4B s not so strong as long as the interaction is restricted on the
+3C and j=(5/2)B+C. The parameters used for the same sit¢® Therefore, it is natural to consider that the insuf-
present calculation arédd=0.0eV, U=7.5eV, (pdo)= ficiency of the momentum dependence of the self-energy
—1.8 eV, and =0.92 eV, which are close to those obtainedwould not be due to the local approximation but would prob-
from the cluster-model analyses. In the HF calculation, aably be due to the deficit of thé-p lattice model.
G-type AFM insulating state is lower in energy than a para-
magnetic(PM) metallic state, contradicting the experimental
result. The situation is similar to that found in the LBA)
calculation by Czyzyk and Sawatzk§ Here, we are going The O 1s XAS spectrum of LaCu@is shown in Fig. 6.
to compare the density of states of the PM solution with theThe peak at~528 eV is mainly derived from the O R
photoemission spectrum. The HF and self-energy correctegeight hybridized into the unoccupied Ce, state. If
results are shown in Fig. 5. In the insets, the calculated rekaCuQ; is viewed as a 100% hole-doped Cuoxide, the
sults, where the partial density of states of Qlighd O 2 peak corresponds to that growing with hole doping in the
are multiplied by their photoionization cross section and arepre-edge region of La ,Sr,CuQ,.* The structures ranging
broadened with a Gaussian and a Lorentzian, are compardthm 530 to 545 eV are due to the L& &d and Cu 4,4p
with the experimental results. For the HF result, thestates. In Fig. 7, the Cu2XAS spectrum is compared with
FWHM'’s of the Gaussian and Lorentzian are the same athe CuQ cluster-model calculation using the parameter set
those for the cluster-model calculation, that is, the Lorentzfor Cu 2p XPS. From the local-cluster viewpoint, thez,

DOS (states/eV f.u.)

asEF+ IS ()|
ok ok

FS

C. X-ray-absorption spectra
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FIG. 6. O 1s XAS spectrum of LaCu@

and 2p4, main peaks located at931 and~951 eV, respec-
tively, havecd'’L character and the broad satellite structures
at ~940 and~960 eV to havecd® character. However, the
2p3p and 2oy, Main peaks are split into two structures,
which makes it impossible to fit the Cyp2XAS spectrum by

the single-site cluster-model calculation. Let us denote these
structures af\, A’, B, andB’, respectively, as shown in

Intensity

%

t'/t=0.4

P Y

T B
934 936

Fig. 7. Sarmaet al® and Cheret al® have observed that the [ tr=025
new structure, which is located at2 eV higher energy than
the main peak, grows as an insulating?Cwxide is hole v/t = 0.0

[ 1 M

s P NI R
928 930 932
Photon Energy (eV)

doped. van Veenendaal and Sawatzky have calculated the Ct
2p XAS for 50% hole-doped Cu oxide using a two-site
cluster model and have shown that a new structure, in which (b)
the intercluster screening effect is weak, appears on the high- _ . )
energy side of the main structure, in which the intercluster FIG. 8. (8) A schematic drawing of the two-site c_Iuster model.
screening effect is strorfd.Very recently, Okada and Kotani (?) Cu 2p XAS spectra of LaCu@(dots compared with the two-
have calculated the Cu2XAS and XPS spectra for Gt Site cluster-model calculatiorisolid curves.

oxide or 100% hole-doped &t oxide using a multisite clus-
ter model with a 180° Cu-O-Cu bond angle and have foun
that the main peak is split into two structures in Qu 2AS
and is almost single in Cu2XPS3! Therefore, it is natural
to consider that structure& and A’ are derived from the
states strongly screened by intercluster interaction and stru
turesB andB’ from those weakly screened. The Cp XAS
spectrum suggests that the intercluster interaction is ver
strong in LaCu@, which has a 180° Cu-O-Cu bond angle.
When the intersite interaction is weak, the splitting betwee

(ﬁ (A") andB (B') is expected to disappe&tActually, in
aCuQ, which has a 90° Cu-O-Cu bond angle, the Gu,2
and 20, main peaks are almost single pe&ks.
In order to investigate the effect of the intercluster inter-

ction, we have considered a two-site cluster model, where
wo Cu 2 sites and two O @ sites are included. In the
resent model, a hole on each @ &ite can be transferred to
he Cu 3 site in the same cluster with transfer integraind

o the other Cu d site witht’ (t>t') as shown in Fig. &).

he ratiot’/t shows the strength of the intercluster interac-
tion. The degeneracy of thed3orbitals and the multiplet

2ps coupling is neglected. The values far U, Q are fixed to
‘? LaCuO; Cu2p XAS —2, 7, and 11 eV, respectively. In order to reproduce the
4 energy separation between the two peaks, we had to intro-
A B 2P duce another paramet&f,, which can be viewed as the
. Coulomb interaction between a Ciyp Zore hole and an O

2p hole within a cluster. While the effect &f;, can effec-
tively be included inQ for the single-site model, it is rel-
evant for the two-site model. With=1.5eV, V.,=1.8 eV
andt’/t=0.55, the double-peak structure of the Cps2
XAS for tetragonal LaCu@is well reproduced as shown in
Fig. 8b). The value oV, is too large for intersite Coulomb
interaction. This is probably because the present two-site
model is too simplified and fails to include some intercluster
interaction. The final state for the well-screened peak is
dominated by the configuration where the two holes are lo-
FIG. 7. Cu 2 XAS spectrum of LaCu@(dot§ compared with ~ cated at one O site. Here, the O site belongs to the cluster
the cluster-model calculatiofsolid curve. without the Cu 2 core hole. On the other hand, in the well-

Intensity

Photon Energy (eV)
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screened state, the weight of the configuration where the twmay be due to the 180° Cu-O-Cu bond angle that the small
ligand holes are distributed to the two O sites is enhancecamount of electron doping by oxygen deficiency makes it
With decreasing’/t, the intensity ratio of the well-screened metallic.

peak to the poorly screened one becomes smaller and the We have also performed the HF and subsequent self-

main peak of Cu B3, XAS becomes single for' /t=0.0. energy calculations on the CW3 O 2p lattice models using
the electronic-structure parameters obtained from the cluster-
IV. CONCLUSION model analysis of the photoemission spectra. The valence-

band photoemission spectra including the satellite structure

We have investigated the electronic structure of LaguOis to some extent reproduced but the weak spectral intensity
by means of photoemission and x-ray-absorption spectrofear the Fermi level Compared with the band-structure cal-
copy. The charge-transfer satellite observed in the valencéulation cannot be explained by the second-order perturba-
band and Cu @ core-level photoemission spectra allow us totion calculation of the self-energy. Although the AFM insu-
apply the CI cluster-model analyses to LaGu®rom the lating S(_)Iutlozn has the Iow_est energy in the HF an_d LBa
analyses, the charge-transfer energy is estimated te- be c_alculatlonsl, the fluctuation a_round the me_an-ﬂeld solu-
—1eV and the ground state mainly hd&L character al- tions may.make .the PM metallic state lower in energy t.han
though in the ground state tr@® configuration is strongly the AFM msulatmg state. Further study along these lines
hybridized into thed®L configuration. The Cu XAS spec-  Should be made in the future.
trum, which cannot be explained by the single-site cluster-
model calculation, shows the importance of the intercluster
interaction in LaCu@ In order to understand the XAS spec-  The authors would like to thank A. Yagishita and the staff
tra of LaCuQ, we have performed two-site cluster-model of Photon Factory for technical support in the XAS measure-
calculations. These experimental results and analyses shawents. They also thank S. Shin, Y. Tezuka, and the staff of
that LaCuQ, which has an almost 180° Cu-O-Cu bond Synchrotron Radiation Laboratory for technical support in
angle, is accompanied by the strong intercluster interactiorthe UPS measurements. They are grateful to K. Morikawa,
which is in contrast to NaCuQwith 90° Cu-O-Cu bond T. Saitoh, A. Sekiyama, I. H. Inoue, M. Nakamura, and S.
angle. The strong intercluster interaction in LaGu® ex-  Nohara for assistance in the XAS and UPS measurements.
pected to reduce the magnitude of the band gap compardeart of the calculations in this work were performed on a
with NaCuQ. However, it should be noted that we cannotVAX computer in Meson Science Laboratory, Faculty of
determine from the present photoemission measureme8cience, University of Tokyo. The present work was sup-
which of the strong intercluster interactions and the smalported by a Grant-in-Aid for Scientific Research from the
deviation from the stoichiometry is responsible for the me-Ministry of Education, Science and Culture and by the New
tallic behavior of LaCu@ since it is impossible to confirm Energy and Industrial Technology Development Organiza-
the stoichiometry of the sample with an accuracy less thation (NEDO). Part of this work has been done under the
1%. Even if stoichiometric LaCuQs an AFM insulator and approval of the Photon Factory Program Advisory Commit-
a small amount of oxygen deficiency makes it metallic, ittee (Proposal No. 94G361
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