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Crossover in the nature of the metallic phases in the perovskite-typ&NiO4
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We have measured the photoemission spectra gf M8 NiO3, where the metal-insulator transition and
the Neel ordering occur at the same temperature Xe10.4 and the metal-insulator transition temperature
(Twm)) is higher than the Nal temperature fok=0.4. Forx<0.4, the spectral intensity at the Fermi level is
high in the metallic phase abovig,, and gradually decreases with cooling in the insulating phase bElpw
while for x>0.4 it shows a pseudogaplike behavior abdyg and further diminishes beloWw,,, . The results
clearly establish that there is a change in the nature of the electronic correlations in the mid@ld)(of the
metallic phase of th&NiO; system.
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Many 3d transition-metal compounds undergo a metal-insulator transition temperatur@ ;) is higher than the Nal
insulator transition as a function of temperature, carrier contemperature Ty) for the compounds witlfirR=Sm and other
centration, bandwidth, and so &A.In these systems, elec- small rare earths. As a result, the metallic phase exists on the
tron correlation generally plays an important role,O4, higher temperature side of the paramagnetic insulating
NiS,_,Se, NiS, andRNiO5 (R: rare earthare well-known  phase. The boundary between these two types of phase tran-
bandwidth-controlled metal-insulator transition systems. sitions is located between NdNiOCand SmNIQ. In the
They undergo a transition from an antiferromagnetic insulaNd; _,SmNiO; system, Ty,,>Ty for x=0.4, while Ty,
tor to a paramagnetic metal under high pressure or undet Ty for x<0.4 (Fig. 1).

“chemical pressure.” To understand their phase diagrams Recently, Voborniket al° reported that the temperature
from a microscopic point of view is one of the major goals in dependence of photoemission spectra iigain the insulat-

the studies of strongly correlated systems and much theoreing phase is different between NdNj@nd SmNiQ, which

ical effort has been made so far along this direcfiérin s probably related with the different magnetoresistance be-
V,0; (Ref. 5 and NiS,_,Sg,° the metallic phase exists on haviors reported by Mallilet al** In this paper, we report on
the lower temperature side of the paramagnetic insulating systematic photoemission study of NgSmNiO5; as a
phase as predicted theoreticdlignd as expected from the function ofx and temperature and indeed reveal quite differ-
large magnetic entropy in the paramagnetic insulating phasent behaviors betweex<0.4 andx>0.4. Based on this re-
On the other hand, the phase diagranRdfiO; has a pecu- sult, we propose that there is a phase boundary or a crossover
liar feature that the metallic phase exists on the higher temline within this series, which separates the two different
perature side of the paramagnetic insulating phase as showkinds of metallic phases in th@NiO5 system.

in Fig. 1. Preparation and characterization of polycrystalline
The perovskite-type oxid&NiO; belongs to the charge-
transfer regime of the Zaanen-Sawatzky-AlleiZSA) Rare Earth lonic Radius (angstroms)
diagram® and its ligand-to-metal charge-transfer enefgis 500 00 1.10 1.20
smaller than the 8-3d Coulomb repulsion energy) (A ' ' v e A '
<U). Hence its band gap is given byA —W, whereW is < E‘Rﬂ giss
the one electron bandwidth. HeNd/is the width of the hy- Y 400 S ) ]
bridized Ni 3de;—O 2p o band.W depends on the Ni-O-Ni £ Paramagnetic Paramagnetic
bond angled throughWs=cog6, and hence on the tolerance ~ § 300 |- Insulator Metal
factor t{ =dg_o/V2dyi_o].° When the rare-earth ionic ra- £ Sm .
dius becomes smaller and the crystal structure is more dis- 'z 200 - i) Nd (Paull)
torted, # andt become smaller than the ideal value of 180° % Lu ! ) Pr
and 1, respectively. Hence whether the band gap is open § 100 | Antiferromagnetic M
(A=W) or closed A<W) is determined by the degree of ¥ Insulafor La
deviation of # from 180°. As illustrated in Fig. 1, the least o ! ; , ! S,
distorted LaNiQ, which has the perovskite structure with a °.86 0.88 0.80 0.92 0.94
weak rhombohedral distortion, is a paramagnetic metal at all Tolerance Factor

temperatures. The oth@NiO; members, which have the £ 1. phase diagram &NiO, taken from Ref. 7. The hatched

orthorhombic ~ GdFe@type  structure, undergo @ area indicates the composition range for which we have measured
temperature-induced metal-insulator transition. The metalthe photoemission spectra and the dashed lines indicates a new

insulator transition and the antiferromagnetic ordering occugrossover or phase boundary line in the metallic phase proposed in
at the same temperature fB=Pr and Nd, while the metal- this study.
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FIG. 2. (Color) Temperature dependence of photoemission spec-
tra in Nd,_,SmNiO3 for various x’s. The inset for each panel
shows spectra divided by the Fermi-Dirac function.

Nd; _,SmNIiO3 (x=0.0, 0.2, 0.4, 0.6, 0.8, 1)@re described
elsewheré! The Ty, was measured by the differential scan-

ning calorimetric method, and was 199.5 K for NdNiénd
400.2 K for SmNiQ. For theT,,, of the intermediate com-
positions, we have linearly interpolated between NdNiO
and SmNiQ according to Franét al.? We have checked the
accuracy of this estimate by measuring g of x=0.6 to

be 324.4 K, which is higher than the interpolated value only
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FIG. 4. (Color) Composition dependence of the photoemission
spectra Ng_,SmNiO;. (a) Spectra taken at the lowest tempera-
tures.(b) Spectra taken just abovg,, . The inset shows the nor-
malized intensity aEr just aboveT,,, as a function oik.

by 4.4 K. A similar amount of deviation was also observed
by Frandet al'? This small uncertainty ifTy,,, however,
does not affect our following discussions, as our data points
correspond to temperatures which are far above or far below
this uncertainty range. Oxygen stoichiometry was deter-
mined by the thermogravimetric analysis for Nd and Sm
samples and the compositions were found to be NdNjO
and SmNIQ g9, respectively. Since intermediate composi-
tions were synthesized under the same conditions as the end
members, the oxygen stoichiometry in these compositions

also should be similar. Photoemission measurements were

FIG. 3. (Color) Normalized photoemission intensity Bt as a
function of normalized temperatu@ Ty, .
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carried out using a VSW hemispherical analyzer and a VG
He discharge lamp. The He(21.2 eV} resonance line was
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used for excitation. The total-energy resolution was set ttNdNiO; is Pauli paramagnetic after the subtraction of the
about 30 meV. Clean surfaces were obtained by repeated rare-earth local-moment contribution, while that of SmjiO
situ scraping at each measurement temperature. The bageCurie-Weiss like. This result would indicate that the me-
pressure of the spectrometer was better than Zallic phase of NdNiQ is essentially the same as that of
X 10" Torr. Pauli-paramagnetic LaNi) while conduction electrons in

Figure 2 shows the photoemission spectra 0Ofthe metallic phase of SmNiQshow local moment behavior.
Nd; - xSmNiO3 at various temperatures. All the spectra haveDue to the existence of the fluctuating local moment, the
been normalized to the integrated intensity in the indicategnetallic phase of SmNiQwould have a large magnetic en-
energy range, that is, from 0.8 to 0.2 eV. The results for tropy. If the entropy of the local moments plus that of the
NdNiO; and SmNiQ are consistent with Vobornilet al.  conduction electrons in the metallic phase exceed the en-
results’i.e., the spectra of NdNiQshow a high intensity at tropy of the local moments in the paramagnetic insulating
Er aboveTy, and decreasing intensity beloly,, . The in-  phase, the metallic phase can exist on the higher temperature
tensity decreases continuously with decreasing temperatugide of the paramagnetic insulating phase across the first-
even well below Ty,. The intensity in the range order metal-insulator phase boundary. In thg NmNiO5
—(0.3-0.7) eV, on the other hand, increases with decreassystem, the bandwidth becomes narrower with Sm content,
ing temperature indicating spectral weight transfer frommakingA/W larger. We propose that with Sm content, the Ni
—(0-0.3) to—(0.3-0.7) eV. The spectra of SmNj@how  3d electrons become more strongly correlated and the local
a weaker temperature dependence belyy . As for the — magnetic moment is formed.

intermediate compositions, the spectra show a finite spectral Finally, we comment on the origin of the strong tempera-
weight transfer from the region —(0-0.3) to tUré dependence of the spectra in the insulating phase. Gra-

~(0.3-0.7) eV, although its strength is intermediate benadoset al****and Blasco and Garciahave reported that
tweenx=0.0 andx=1.0. In order to remove the effect of the NySteresis below, extends to a wide temperature range up
Fermi-Dirac distribution function and deduce the experimend® 70 K from the transport and calorimetric measurements

tal “density of states{DOS), we have divided the spectra by @nd proposed that the metallic and insulating phases coexist
the Fermi-Dirac distribution function broadened with a ©oVver this temperature range. The temperature dependence of

Gaussian corresponding to the experimental resolution d&€ Photoemission spectra in the insulating phase may be
shown in the inset of each panel of Fig. 2. Boe0.4, the related to this unusually strong hysteresis. We may attribute
experimental DOS abov&,,, is almost flat or weakly in- these strong hysteretic features to the coexistence of the two

creases with energy. BeloW,,, the DOS atEq gradually phases caused by disorder su_ch as oxygen nonstoichi.omet.ry
decreases with decreasing temperature. On the other ha d/or rare-earth atom vacancies, which cannot be avoided in

3 . . 3 .
the spectra fox>0.4 is pseudogaplike already abovg, . this kind of material€® In a system where both disorder and

Figure 3 shows the temperature dependence of the averag8lfctron correlation effect are important, the spectra may
intensity within 0.05 eV ofE, normalized in the same way S'OW an unusual temperature dependence as reported by
as in Fig. 2. This figure brings out different behavior of the Sarmaet al?* on disorder-induced metal-insulator transition

regionsx<0.4 andx>0.4. Because of the pseudogap, the-

in LaNi; _yM,O5; (M =Mn, Fe, and Ch According to them,
averaged intensity fox>0.4 is nearly half compared to that while an insulating compound has a finite gaEgtat very
for x<0.4 just abovel,,, . On the other hand, intensity jump

low temperatures, the gap closes at elevated temperature.
at Ty, is almost the same betwear<0.4 andx>0.4. Competing or cooperative behaviors between electron corre-
Figure 4 shows the Fermi-Dirac function-divided spectrah

lation and disorder have not been investigated so far and
taken at the lowest temperatures and just abbye. The

ave to be clarified in the future.
spectra taken at the lowest temperatures are nearly identic

In conclusion, we have studied the temperature-dependent
for all x’s. This suggests that the ground state is essentiall*‘?nectrOnIC structure of Nd,SmNIO; by photoemission
the same for alk’s, i.e., in the same antiferromagnetic insu-

easurements. While the spectra at the lowest temperatures
lating state'> On the other hand, the spectra abdyg are are identical for ."""X’S’ the spectra abovdy, show a
quite different betweex<0.4 andx>0.4. The spectra for pseudogap behavior for>0.4, different from the specira of
x<0.4 are nearly flat aroun&, whereas the ones fox a typical metal forx<0.4. It appears that the appearance of
=0.6 and 0.8 show a weak pseudogaplike behavior. Thi

éhe pseudogap is related with the appearance of local mag-
indicates that the paramagnetic metallic phase is differer}

etic moment in the metallic phase »f>0.4. We propose
betweenx<0.4 andx>0.4. As shown in the inset of Fig. at the nature of the metallic state is different between these
4(b), the averaged intensity within 0.05 eV Bf just above

two composition ranges caused by a change in the strength
Twu changes ax~0.4. Here, the intensity has been normal-

of electron correlation between the two regions.

ized in the same way as Figs. 2 and 3. From these results, we The authors would like to thank D. D. Sarma for enlight-
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