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Charge disproportionation in YNIO 3: ESR and susceptibility study

M. T. Causd R. D. Saachez, and M. Tovar
Centro Afanico Bariloche, CNEA, Av. Ezequiel Bustillo 9500, (8400) San Carlos de Bariloche\Né&yro, Argentina

J. A. Alonso and M. J. Mamez-Lope
Instituto de Ciencia de Materiales de Madrid, CSIC, Cantoblanco, E-28049 Madrid, Spain
(Received 22 October 2002; revised manuscript received 8 May 2003; published 30 July 2003

We present a study of the magnetic properties of YNi®the paramagnetic range above and below the
metal-insulato(MI) transition. The dc susceptibilityy. (measured up to 1000)Ks a decreasing function of
T for T>150 K (the Neel temperaturgand we observe two different Curie-Weiss regimes corresponding to the
metallic and insulating phases. In the metallic phase, this behavior seems to be associated with the small ionic
radius of Y¥**. An electron spin resonan¢&SR spectrum compatible with Rif is visible in the insulating
phase but only a fraction of the Ni ions contributes to this resonance. We explain the ESR. &mthavior for
T<Ty in terms of charge disproportionation of the type 2Ni-Ni2* + Ni**, associated with the previously
observed structural transition acrobg, . Effects of thermally excited electronic configurations gq. are
discussed.

DOI: 10.1103/PhysRevB.68.024429 PACS nunfi®er75.30.Cr, 71.30th, 71.45.Lr, 76.30-v

I. INTRODUCTION finding different magnetic moments associated with the two

Ni sites. In this work we study th& dependence of the

The perovskite systeilRNiO; (with R trivalent rare earth ~ electron spin resonan¢&SR) and the magnetic susceptibil-
orY) is a very attractive family of compounds around which ity. Our aim is to describe the changes in the magnetic prop-
an intense research activity was developed in the 1990&rties associated with the MI transition. We discuss our re-
Their most studied property was the metal-insulatitt)  Sults considering the effects of charge disproportionation and

transitiort at Ty, , from a high-temperature metallic material thermal population of the excited electron configurations.

to a charge-transfer insulator. As is seen in the phase diagram

of Fig. 1, Ty, increases as the ionic radius Bf ™ (rg) Il. EXPERIMENTAL DETAILS
diminishes. In the insulating phase the oxides show a com-
plex antiferromagneti¢AFM) order, below a Nel tempera-

. ressure and high-temperature conditions. A stoichiometric
ture (Ty) also dependent ark. In spite of all the performed pr ) .
studies, the nature of the MI transition is not completelymlxture of Y205 and Ni(OH), powders was ground with

derstoodand del d ibi tructural. maanetic. an 0% of KCIQ, and packed into an 8-mm-diam gold capsule
understootiand a model describing structural, magnetc, laced in a cylindrical graphite heater. The reaction was car-
transport properties for the whoRNiO5 series is still lack-

) o ) ; X ried out in a piston-cylinder press, under a pressure of 20
ing. The difficulties found in the synthesis 3ﬁN'03 ar®  kbar at 1173 K for 20 min. The reaction product, in the form
more severe for the smalleg compound% and only  of plackish dense polycrystalline pellets, was ground and the
recently; with new synthesis techniques, samples WRh resulting powder washed with water to dissolve KCI. The
=Dy, Y, Ho, Er, and Lu could be studied. Besides, synchrosample was characterized by x-ray diffraction. The magneti-
tron x-ray diffraction (SXRD) techniques have allowed a zationM(T) was measured with a superconducting quantum
more precise description of the structural chaRgesompa-  interference devicéSQUID) magnetometer foif <300 K
nying the Ml transition. and with a Faraday balance magnetometer in the range 250—
In this paper we present a magnetic study of YNiOue 1000 K. The ESR spectrum was measured with a Bruker
to the nonmagnetic character of Y, the properties of the NESP300 spectrometer operating at a frequeney
lattice can be analyzed above and bel®yy; without inter- ~9.3 GHz. We detected the derivative spectrum and deter-
ference with other magnetic species. Notice that LajNiO mined theT dependencdup to 800 K of the three ESR
where La is also nonmagnetic, was fotnd be metallic for  parameters: resonance fieth(T), peak-to-peak linewidth
all T=1.4 K. Alonsoet al? have determined the MI transi- AH,(T), and double-integrated intensitgsT). Notice
tion for YNiO; at Ty, =582 K. They observed a structural that, alternatively, the intensity can be obtaihe g5
transition from the orthorhombiebnmphaseaboveT),) to =W[Apr)2>< h,ol whereh,, is the height between peaks
a monoclinicP21/h phase(below Ty,,). This transition was of the derivative spectrum and the constsvis dependent
compatible with a charge disproportionation in the insulatingon the line shape W=3.63 for Lorentzian lings This
phasé*where 2Nt " —Ni®*?+ Ni® % (§~0.35). In thisin- method was preferred to the double integration for low
terpretation, the two Ni species are localized in two differentsignal-to-noise ratio spectra in order to minimize possible
crystalline sites characterized by expand&tl site and  spurious effects due to the cavity background. We took care
contracted(Ni2 site) NiOg octahedra. The AFM spin con- to check the agreement betwebpsgT) derived in both
figuration belowT, was determined by neutron diffractién, ways in the region of good signal-to-noise ratio. The spec-

Powder YNIQ, samples were prepared under high-
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FIG. 1. Ty, (open circles and Ty (open trianglesvs rg for FIG. 2. Solid line:yq(T). Circles: xgs«T). The dashed line is

RNiO; (taken from Refs. 1 and)4Crossed and solid symbols in- a guide to the eye. In the insgf; (T) is plotted and the dashed
dicate, respectively, the results for YNj@present work and for  (dotted line is the fitting to a CW-like behavior folf <T,, (T
La;_yEuMnO; (Ref. 27. Solid lines are guides to the eye. The >T)).
dashed line separates regions whéralependent ¥.,) and
T-independent %,) susceptibilities are observed in the metallic =0,79(2) emu K/mol and a CW temperatude= — 210 K
phase. were obtained. Belowl,, C=0.90(2) emu K/mol and®
=—310 K. These values are larger than those derived by
trum intensity was compared to that of well-characterizedDbemazeatet al2 from data obtained in the range 70—480 K.
standard samples (MgaFsingle crystal and GdBaCuG Notice that the crystalline parameters vary according to the
powder) in order to determine the absolute value of the ESRpreparation method: e.g., at room temperature the mono-
susceptibility yesg(T)*1gsgT), which is expected to be clinic angle3=90.08(1)° for the samples of Alongi al*
equal toyq(T) if all the magnetic species contribute equally and 3=93.6° for the samples of Demazeatial 3
to the resonance. The detected lines were of relatively low In the simplest ionic picture for the magnetic properties
intensity, and 100-mg samples were used in order to obtaiall Ni sites are equivalent and expected to be occupied by

low-noise spectra. Ni®* ions (3d7). In the metallic states we may usually de-
scribexq.(T) in terms of a sum of-independentx,) and a
Il RESULTS AND DISCUSSION CW-like (xcw) susceptibilities® corresponding to itinerant

and localized electrons, respectively. RiMiO5 these would

In agreement with the pioneering experiment by De-be thee, andtgg electrons of low spinLS) Ni3*(tggeé).
mazeatet al,> M(T) shows a peak afy=150 K attributed  Then, only a temperature-independent susceptibjiitis ex-
to an AFM transition. Abovd ', M(T) presents a paramag- pected forT>T,,, since the Iocalizedn'gg core has fully com-
netic (PM) behavior withM(T)= x4c(T)H, where the sus- pensated spins. This behavior has been indeed obServed
ceptibility x4c(T), measured foH =10 kG, follows a Curie- LaNiO;. Instead, as was mentioned above, we have mea-
Weiss- (CW-) like law (see Fig. 2 In the ordered phase, sured a CW-like susceptibility for the metallic phase of
M(T) showed also a linear dependencetbitup to 50 kG YNiO4 up to 1000 K, with a relatively large effective mo-
although with a very small extrapolated componéfiy  ment (uefi=2.5ug). Within the same ionic picture, the MI
=10 “ug/f.u., which saturates abowé=1 kG. This ferro-  transition occurs when the itineraey electrons become lo-
magneticlike contribution may arise from uncompensated Ntalized. Here, again, the experimental results fail to validate
moments or an imperfect AFM alignment. Besides, belowthis simple model. Our value Qfq¢¢=2.7ug is much larger
~20 K an extra Curie contribution tgy.(T) is observed, as than the expecteg.=1.73ug (C=0.375 emu K/mol) for
in other perovskite&® In our case, the smallness of the mea-S=1/2. Thus, theyqc(T) results ask for a different approach
sured Curie constan€=0.003 emuK/mol (YNiQ) indi- including the effects of charge disproportionafiand the
cates that it could originate in impurities or defects and doegontribution of the excited levels of the Ni ions. We will
not affect the results in the PM regime. This value ©r discuss this issue after the analysis of the ESR results.
would correspond to a minority phase of less than 0.GB% In Fig. 3 we show ESR spectra taken at different tempera-
the magnetism comes from rare-earth impurity joos at  tures. The spectrum is observed between 145 K and 560 K
most ~0.3% (if it arises from paramagnetic Ri ions. and, forT>T,, consists of a single Lorentzian line with
These level of impurities was not detected by XRD. =2.162). This value for theg factor suggests that the

In the paramagnetic rangeT£Ty), xac(T) presents resonance species isNi In Fig. 4 we plotAH,, vs T. In
a small anomaly in the slope Q{fgcl(T) aroundTy, (see the rangelTy<T<450 K the linewidth increases with a lin-
inset of Fig. 2. For T>Ty,, a Curie constantC  ear dependencéH,(T)=a+bT with a~1300 G andb
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~1.3Ty, AHp,(T) abandons the linear dependence and
x 10 - dpph tends to broaden ugsee Fig. 3. Since in the perovskite
-~ 560 K structure the Ni ions are arranged in an approximately sc
%W cubic lattice, the broadening observed may be an indication
464K that not all the Ni contribute to the resonance, besides the
/—\\—/’W effects arising from the small monoclinic distortion. We will
/’/\\_//"“M return to this point later in connection with the ESR intensity
296 K measurements. Notice that, foi<Ty, a different broaden-

K ing effect is expected for polycrystalline samplesn these
cases the splitting of the PM mode into several anisotropic

/\

/\ 177K branches and the opening offedependent energy gap com-
bine to give progressively broader inhomogeneous line-

—

Absorption (arb. units)

// widths and lower intensity spectra that are finally lost within

N\_ 156K the noise, in agreement with our observatisee Fig. 3.
\//"’14”9_1(’— Then, the maximum of s establishes that the resonant Ni

m USSR ions order AFM belowT) in coincidence with the dc sus-

M ceptibility peak.

—t— ‘ In Fig. 2 we show thajyesd T) decreases continuously
0 2000 4000 6000 8000 with T in the whole range 150-560 K and vanishes around
H (Gauss) 600 K. The disappearance of the ESR line is coincident with
- the transition observédat Ty, =582 K. The absence of an
theF()ISénséiE:iZ ssr?gv(\:/t;ﬁea::edr:tr‘:lrlepnf:r':E(!)rfntF;]eerast:éitsr-u]r:ngfftGeor ;;btra ESR spectrum in the metallic phase is compatible with the
—.3+ . B “yn
Ni configuration where they electrons are itinerant and

tion of cavity background. The spectrum of d henil pycril . -

hydrazi) is aymarkegr forg:2.0036[.) The spectre?%lflz 149 lg);md the Iocahzec_jtzg electrons have compensated spins. The
560 K were amplified 10 timesx(10). same b.ehaV|o(1ack of _ESF; has been ot?servé%lfor r_netal-

lic LaNiO3. A comparison ofygsgT) with x4o(T) in the
insulating phase showsee Fig. 2 that ygsris, for all tem-
peratures, significantly smaller thag.. The ratioxgsr/ Xdc

is T dependent: it increases with decreasingnd reaches a

value ~0.5 aroundTy . The change of behavior acro¥g;,

~1.5 G/K. Above 450 K some narrowing of the linewidth is
observed. A linear dependence #H,(T) vs T is charac-
teristic of N#* ions, as is discussed in Ref. 12 for the cubic

perovskite KNifk;, where a linear dependence was found;g compatible with a charge disproportionation BTy, ,

aboveT=1.4Ty. In KNiF3, a crossover to a critical behav- 45 proposed in Ref. 2. For a complete disproportionation
ior takes place at this temperature and, in the raRge T 5 N3+ _ Ni2* + Ni** . the Nil sites would be occupied by

<,1-4Tl\£ AHp,(T) narrows with a de%%qgengngN)“ Ni2* (3d®) and the Ni2 sites by Ni" (3d®) ions. Notice
with a=1.1, as in the case of RbMg This kind of yhat N+ is isoelectronic with Cd', and attempts to ob-

magnetic lattice has sc or bcc cubic symmétrptherwise,
including the case of fcc cubic lattices, a critical broadenin
(a<0) is measured! In the case of YNiQ, below T

absence of the ESR spectrum may be due tdhé® char-
Ycter of the LS configuratiortgg) of Ni** ions, appropriate
for a strong crystal field® Thus, the observed ESR would
correspond to the K in the Nil sites.

so00l ' 0. L L The proposed disproportionation predicts a Curie constant
. C=0.50 emu K/mol fory4.(T) since only half of the Ni ions
would contribute as Ni* (3,65, S=1). This value is sig-
. 1000F 7 nificantly ~ smaller than the  experimental C
) =0.90(3) emu K/mol. On the other hand, if we were to con-
~ 3000 | R 4 sider the possibility of a high-spifHS) ground statetéges,
g ! ' 500 T(K) 600 | S=2) for Ni**, as in the free ion, the resulting®
T 2000 - ] =2 emu K/mol would be now much larger than observed. At
< " - aad®® o"‘«-’ this point it is then important to analyze the effects of the
wteoeTe « |  thermal population of excited states. In order to explain our
1000 |- S| experimental results we should explore possible states for
TN TMI Ni** with intermediate-spin(IS) values. Korotinet all®
0 N S T T T S X' have recently calculated the electronic structure for the iso-

0 100 200 300 400 500 600 electronic Cé" in LaCoQ; and found that the IS configura-
T (K) tion (t34e5) with S=1 is indeed the first-excited level due to
the strong hybridization of @ states with the oxygen2
FIG. 4. Temperature dependence of the linewiith,(T). In-  orbitals. Notice that in a purely ionic picture the HS state is
set: monoclinic anglg8(T) vs T from Ref. 2. the first-excited level and the IS level is expected to lie at
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least 1 eV above the ground stit&Ve have calculated This interaction corresponds schematically to the
Yde(T) for an admixture of equal amounts ofNiand Nf*  Ni2*-0% -Ni**-0?"-Ni?* path and may represent an effec-
ions. For Nf* we assumed, as in Ref. 8, that the magnetidive AFM interaction favored by the strong hybridization of
contribution arises from a thermally populated IS state lyingNi 3d and O 2 orbitals®*

at an energyA above the LS ground state. In this case Finally, we may analyzgqc(T) in the orthorhombic me-
xdo(T) is expected to follow a CW-like law wittC=[C, tallic phase, where all Ni sites are equivalent. The

+C,f(T)]/2, whereC,=C,=1 emuK/mol correspond to T-independent susceptibility in LaNihas suggested that in
. i . . l .
NiZ" and IS Ni*, respectively, andf(T)=pe >keT/(1  this phase the Ni" ions are in the LS ground statge; with

+pe2/sT) with p being the degeneracy of the IS excited the ey electrons fully delocalized. A similar behavior was
level® Our observation, foff >Ty, of a T-independenC proposed for NdNi@, after subtraction of the large Nd

—0.90(3) emu K/mol suggests th&T)=0.80(6). This is contribution®> However, in the case of SmNiQa CW-like

within the experimental uncertainty, consistent with a valueNI susceptibility was deducéifor the metallic phase as in

of A/kg<Ty and a degeneracy8p=<6 for the IS statdTo  OUr case (YNiIQ), although wi_th_a smal_ler effecti_vg mag-
complete this picture we may associatesg with the NP " netic moment fues~1.5up). Itis interesting tolreg\;lsn here
susceptibility. Here, the ground state of*Nidoes not con- the behavior ofq(T) for the La _EUNIO; series” where

tribute to the ESR. On the other hand, the excited states a'aetransmon from al-independent to a CW-like susceplibility

expected to present very short relaxation tinflasge line- }/vasl observeld as ag(unctgcvmep tox:o'é’XdC:XO.and'
width) due to the strong phonon modulation of the crystalline_Or arger vaiues ok, a component becomes Increas-
ngly important. If we look at the phase diagram of Fig. 1,

field?° Then, the corresponding ESR signal would have d"9" " ; :
vlery low amplitude Whigh WIOL?|d be |O;% Witl':,ivn Ltjhe no\i/se we find that the transition from &independent to a CW-like

and not included in our line integration. According to c)ursusceptlblllty occurs in a relatively narrow region around

calculation the ratioyesg/ x4 Would be slightly larger than rr=1.1 A. This evolution suggests that, for smaligrradii,

0.50, close to our findings for the lowest PM temperaturesiN® thermal excitations of electronic configurations wéh

Our interpretation of the experiments is then in agreemenfto. becomeciimpr?rtanlt allso' in thef metal!ic F’I?S‘Si Tfhis odbser—
with the existence of two different Ni sites in the monoclinic Yatlon reminds the calculations of Korotét al.™ who foun

structure, occupied by Rii and NF* ions. TheT depen- that thef: éeolﬁt“_/e Lengrgles of the d|f|ferdent elzctron cotr:flglura-
dence ofyesr/ xqc SUggests a strong correlation of the spint!ons OI An . a’l OQ. are strong yb epen entfon the at-
distribution with the monoclinic distortion, parametrized by tice volume. A similar situation may be present for the case

.3+ . . . .
the angleB(T) shown in the inset of Fig. 4. This correlation of NI=™ in the Rng3 _sen?s. 'g.r;fus, a calpulaﬂon of theldelt()ac—
is consistent with the decrease &H ,(T) for T=450 K tronic structure ofRNiO; for different spin states would be

since the ESR narrowing may be a consequence of the if¥orthwhile. _ . .
crease of the site gsym%e?r’y The (\q/ariation of In summary, we have studied the PM properties of the Ni

: : Cthic pi : lattice in YNiO;. In the metallic phase, at variance with
xesH T)/xqc(T) is associated, in this picture, with a progres- . ’ .
sive disproportionation a3 is lowered(and B increases LaN|Q3, we _observeq a’-erendent susc_epfublhty_and we
below T, . associate this behavior with the smalf*Yionic radius. In

If the observed CW temperatu@= —310(15) K were the insulating phase, we have observed that Ni ions become
dominated by first-neighbor interactions—i.e., between Nigrésonant and the characteristics of the ESR spectrum corre-

and Ni2 sites—the predicted AFM order &, would be of spond to Ni*. The ESR integrated intensity indicates that

the G type, contrary to the neutron diffraction resufitShe only a portior_1 of the Ni ions are obsgrved_. Our results are
order proposed in Ref. 2 implies the division of the systemcong'ftent.z‘iv'th .ﬁ‘+ charge d|spr.op0rt|onat|0n O.f. the type
into two fcc interpenetrated lattices of Nil and Ni2 sites and2_NI .ﬁN' +Ni*™, accompanying the MI transition, pos-
has been suggested that Ni1-Nil interactions are essential fIB\HX _mcomplet(_a andl dependent. In this descr!ptlon the
the stabilization of the magnetic structdr& due to the less | 17 1ons contribute toyc through thermally e_XC'tEd con-
magnetic character of Ni2 sitésThe proposed AFM ord@r  figurations but are not detected by ESR techniques.

of the Nil sublattice corresponds to the second kind de-

scribed by Smaft for a fcc lattice. In this casely
=—8J,/kg and® =(16J;+8J,)/kg . From the experimen- We acknowledge J. Rodyuez-Carvajal and B. Alascio for
tal ® and Ty, AFM exchange constantsl;/kg= helpful comments. This work was partially supported by AN-
—10(1) K andJ,/kg=—19(1) K are deduced for first and PCyT ArgentinadGrant No. PICT 03-05266nd by the Min-
second Nil-Nil neighbors, respectively. In this kind of or-istry of Science and Technology of SpaifGrant No.
dering the effective field due to first neighbors cancels outMAT2001-0539. R.D.S. and M.T. are CONICETArgen-
and the magnetic structure is stabilized by second neighbortina) researchers.
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