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Mossbauer spectroscopy has been used for following the insutatetal transition versus temperature in
ANiO; perovskitesNdNig o5 F&, /03 and LuNj o5 F&, ,403). The evolution of the number 8fFe sites and
the isomer-shift value at the transition bring important local information taking into account the role of the
different factorg(structural, geometrical, and bond covalendyossbauer measurements have been made as a
function of temperature to study electronic and vibrational behavior of #e probe atoms in the nickelate
structure.
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INTRODUCTION range antiferromagnetic order belowTg(A=Pr,Nd or Ty
. . L . <Twm(A=Sm—Lu,Y) have been detecté#*?
The study of electronic phenomena in solids is an impor- . L
As the main characterizations of these phenomena are

tant goal in physics. It is possible to classify the main elec-

tronic phenomena in two principal categories: intra—atomicbased on structural or magnetic studies—both involving

phenomens when ory the ool of the same atoms af SICSE0PIe characterizations e abjece of ur vork s
concernedfor example, the change of electronic configura- P P by

tion low spin—high spin and interatomic phenomena in- tipn. Recently, Mossbauer investigation of tﬁ%Ee-dqped
volving different atoms in the lattice(charge transfer, nickelatesANiq o €,0203 (A=Lu, Y, TI) has provided inde-
insulator—metal transition, disproportionatian pendent ewdgnce for the exstencc—; of two different nlgkel
Perovskite-type oxides containing Jahn-Teller ions Sucﬁltes?&l“The5 Fe spectra of these nickelates were described
as high-spin F¥:t,%! and Mri*:t,%e! or low-spin as a superposition of two subspectra, which indicate that the
. "'29 Vg 29 Sg )

57 oy . . _
Ni3+:t296egl attract considerable interest due to their remark- Fe probe atoms are stabilized in two nonequivalent crystal

able electronic propertigs.The electronic configurations :g?rngfef’ec;',[tr']oﬂfékggt;giSEheNr dhasnr?w’stlir)fgv?/essz?k?gaez;-
with one electron in a twofold-degeneradg orbitals intro- 9 A

duce a specific instability leading to different phenomena: tence of only one ni(_:kel cher_nical_species, thus underl_ying
a cooperative Jahn-Teller effect observed for 3Moxide the absence of any dlsp'ropomo_natlon process for t”i,éoé'
perovskites, (i) a charge disproportionation 2¥e-Fe’* subarray. In the magnetic ordering dom@in<Ty), the>'Fe
+F&* in ferrates CaFeg and Ca_ laFeO* with a spectra are resolved into two magnetic sextets with the same

second-(or higher) order phase transition from the ortho- isomer shift but considerably different magnetic hyperfine

rhombic charge-delocalized statEe**) to the monoclinic f|e_L(3's.15é)nlthe.base O‘ﬂx2-y2/d22_.0rb'tal orderl_ng quel of

charge-disproportionated statgwith two iron sites Ni 'tﬁg gy cations, sugh a particular magnetic environment

Fe**/Fé*) beginning belowT,.5 of Fe cations located in the same crys.tallographlc sites has
been attributed to the unusual magnetic orderindA\NiO4

(Pr, Nd, Sm caused by the presence of magnetic frustrated

interactions'®

Due to the low-spin configuration of Rfi in oxygen lat-
tices (tyg°e,"), the ANIOg(A=Nd—Lu;Y) perovskites first
prepared in 1971 by Demazea al® are an important

model for studying the above electronic phenomena. The I_n this paper we report results &fFe Mogsbauer Invest-
structural distortion of the perovskite lattiéNiO, plays a gations both above and below the metal-insulator transition

key role on the localization of the,* electron and conse- for the two types nickelates: Ndjjgey 03 having Ty,
) 9 . . coinciding with the paramagnetic-antiferromagnetic transi-
quently two different factors being involvedi) the ionic . ; ) )
. I oy 3+ tion (Ty) and LuNpodFey O3 for which Ty is lower than
radius of A°" cations along the whole seri¢ka — Lu") . : - . . .
i, R Twmi, leading to the existence of an intermediate regime
and (ii) the temperature for a constaft* cation.

The increase of the structural distortion fronPtao Lu®* NS T=Twmn with the insulating and paramagnetic state.
induces for the smallest rare-eartHo—Lu)’ and Y8 TI? Mdéssbauer measurements have been made as a function of

cations a partial charge disproportionation ¥Ni Ni(3)* tﬁmseerature to study .eleﬁtror?i(;( a}nd vibrational behavior of
+Ni®-@* observed first through high-resolution neutron dif-t e”'Fe probe atoms in the nickelate structure.

fraction through a phase transition: orthorhombtdnm
— monoclinic P2;/n. On the other hand, for a constant
ANiIO5 composition a thermally driven insulator-metMl) NdNig oy 03 Sample was prepared by the high oxygen
transition at aT,, 1° and a transition to an unusual long- pressure treatment of precursors obtained from sol-gel
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method. Appropriate amounts of Bhd;, Ni(NO3),-6H,0,
>Fe metal, and citric acid were dissolved in dilute nitric
acid. Then, the solution was evaporated while maintaining a
pH of 5-6 until a gel was formed. This gel was decomposed & .00
at 750 °C in air. At the last stage, the homogeneous precur-,
sor mixture was annealed for several days at 850 °C and at
an oxygen pressure of 100 MPa.

The synthesis of LuNigdey o0 sample involved two
stages. In the first stage, nickel and iron hydroxides were
coprecipitated by a 3M KOH solution from an acid solution
of a stoichiometric mixture of Nil) and*’Fe(lll) salts. The
homogeneous hydroxide mixture was washed, dried, and an-
nealed in air at 300 °C until the formation 6fFe-doped FIG. 1. 5Fe Mossbauer spectrum of NdNiFe,oOs at
Nigod & o oxide. At the second stage, a stoichiometric300 K. o
mixture of Lu,O5 and N of&) 0O (with the addition of a
small amount of KCIQ) was annealed in a gold capsule at
900 °C and 6 GPa.

Powder x-ray-diffraction profiles were recorded on a Phil
ips PW 1050 diffractometer using graphite-monochromate
Cu-Ka radiation. X-ray diffraction diagrams for Nd and Lu
samples have been analyzed in the space gRiupm No
additional peaks, which could indicate the presence of supe
structures or departure from the mentioned symmetry, wer
observed in any of the examined diagrams.
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FENit — Fett + Ni2*. (1)

'(fince the F&3*:3d° redox level is known to be at least
eV below the Ni*"2*:3d® redox couple in oxidé$ as il-
lustrated schematically in Fig. 2, the equilibrium of the
F_harge—transfer reactigi) is biased strongly to the left, thus
atabilizing formally trivalent F& ions. Therefore, the de-
Crease of the IS value cannot be attributed to the stabilization

dc magnetic susceptibility was measured using a SQUI
magnetometetQuantum Desing MPMSin the temperature
range 5—-300 K at 10000 G after zero-field cooling. The
>Fe-doped NdNjod& o/0; sample shows lower value of
Ty=150 K than that for undoped NdNO nickelate
(200 K).* One of the possible reasons for the effect of small
amounts of the paramagnetic iron impurity g can be
associated with the perturbation of 3XiO-Ni®* couplings
by Fe** cations!®

The >Fe M6ssbauer spectra were recorded at various
temperatures using a conventional constant acceleration
Mossbauer spectrometer. The radiation sodf€a(Rh) was
kept at room temperature. All isomer shifts refer to the
a-Fe absorber at 300 K.

RESULTS AND DISCUSSION

NdNig od=€0,003

All the °'Fe Méssbauer spectra of NANigFe, o3, re-
corded over the temperature raffde> T, (=Ty)], were this
nickelate is paramagnetic metal, can be described as a single
guadrupole doublefFig. 1). The small value of the quadru-
pole splitting A=0.06+0.01 mm/s indicates that substitu-
tional iron cations are located in sites with the high symme-
try of the nearest anionic surrounding, thus underlining the
nearly regular NiQ octahedra in the first members of the
ANiO3 family (A=Pr, Nd, Sm.”16

Ij)f tetravalent F& cations.
Taking into account that th&Fe valence is equal to 3+,
two different factors can influence the IS valig:a chemi-

Iron A€ Nickel

+/2+
Fe3 /2
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NN\
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The isomer shifflS) 6=0.22+0.01 mm/$300 K) for the
NdNig od-& 03 spectrum is found to be significantly
smaller thans=0.37 mm/s observed early for the high-spin
Fe**:t,4%,” cations in the NdFegorthoferrite with the same
orthorhombic structuré’ Such a difference could be attrib-
uted to the increase of the iron valency from “3+” to “4+"
due to the electron-transfer reaction ion
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FIG. 2. Semiempirical impurity-level scheme for'fand NI**
s in oxides.
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cal one, including the covalency of the ¥ chemical TABLE I. The average Fe-O distances and the values of overlap
bond directly correlated to the competition with the’™ND  integrals(S,) in NdNig og€ 005 and NdFe@.

bond (inductive effect!® and (i) a geometric one corre-
sponding to the F&-O distance in the NdNiQlattice. Compounds  (R(Fe-O) A Sis Ss Sss

According to independent measurements of the ESR spec-
tra of TiO,:Fe and TiQ:Ni,?° the substitutional iron impu- NdNio o™€.0203 1.94 0.00314 0.02337  0.11216
rities would have the F%&/** redox energy some 0.5 eV NdFeQ, 2.03 0.00263 0.01976 0.09575

above the narrow Ni’3*:3d” band as a result of the smaller
effective nuclear charge experienced hy édectrons on the . . o
lighter iron atoms. The result is an increase of the ionicity of V@S found to be 0.19 mm/s. This theoretical value is in
the F&*-O bonding along the F&0-Ni* bonds due to the agreement with experimental difference 1S=0.15 mm/s. It

presence of more covalent competingNO bonding, which should be noted that, in addition to the overlap distortion, the
should decrease a population of iros érbitals, and thus decrease of Fe-O distance is accompanied by an increase of
increase the 1S valul. However, this prediction contradicts & PoPulation of iron 8 and 4 orbitals, which influence on

with the observed decreasing of the IS value fotFaations € IS value in the wrong directiof. It is, however, very
in ANi ogF €005 Samples as compared to IS value in iron difficult to obtain a good quantitative estimate of the relative

oxides. Therefore, the inductive effect introduced by thedMount of electron transfer to thel and 4 orbitals and we

competition between the covalent 3O bonds and neglgcted them in analyzing the above data. Henc_e, by ne-
Fe*-O cannot explain the change of the IS value for triva-glecting the covalency effects, we actually underestimate the
lent iron cations in the nickelate matrix. increase iNApy(0) with reduction of the Fe-O bond length.

Another mechanism is related to the overlap of the iron 1he second part of the discussion is devoted to the dis-
inner nsshells (n=1-3 with oxygen 2, wave functions CuSSion of the variation versus temperature of the IS value
g

which produces a significant change srelectron density [0 T= Twi. In the rangeT=>Ty,, the IS value exhibits the

p<(0) at the iron nucleus. This mechanism, called the overlapSu@l increase with the decreasing of temperatéig. 3
distortion effec®! is a consequence of the Pauli exclusiondue O the second-order Doppler shiflsop), which adds to

principle which forces the electrons to keep out of the overihe I1S(d) depending on the electlrgcm density’de nucleus
lap region enhancingy(0) value(reducing IS valug Taking {0 give the total measured shif):

into account that thé’Fe doping into the NdNiQ matrix

introduces a shrinking of the Fe-O distan¢ggs,~0.54 A, &(T) = 1+ s0pl T)- 3)

ree3+~ 0.63 A), 22 the overlap distortion effect would play the .
main contribution on the observed decrease of the IS value-l.-he observed temperature dependence of IS in the tempera-

In order to obtain an evaluation of the influence of theture range 106 T< 300 K is well fitted by a linear relation-

; ship indicated by the solid line in Fig. 3. The temperature
bond-length change IS value, we estimated the change |ﬁh'p n J 4
charge density\p,,(0) produced by this distance reduction coefficientdd/ dT=-5.2X 10" mm/s K, calculated from the

on account of the overlap distortion effect. It was demon—SIOpe of &(T) dependence is in agreement with the average

strated by Simanekt al2* that overlap distortion of the iron slope wﬁ_l dT)=-4.2x %04 mm/s K earlyﬂobtamed for the
ns orbitals in ionic compounds can be obtained using grthoferriteAFeO; family (A=rare earths

Schmidt orthogonalization procedure which does not contain From @ chemical point of view the temperature depen-
any covalency electron transfer effects. In this case, thdence of experimental IS value related to ®@p(T) is in-
change in the charge density at iron nucleus in octahedrdresting with respect to its simple relation with a recoil-free

oxygen coordination is given by fraction (f) and a force constariK) experienced by Moss-
3 6 0.40
— 2
Ape(0) =2 21 msglsqsns(o) 1 NdNig.osFe).020;3
" 035
3 Insulator :
6 1
+
szzl Do SsSnstnd0dnd0) [ () - i
’w\ 1
whereR’(=0.4) is the oxygen-oxygen overlap integrals and E 0.254 i
Shs=(¢ns #2p) are the overlap integrals, which are strongly 5 :
dependent on the iron-oxygen distan@able ). We take 020 ! Metal
P1s=73.30,¢pps=—22.21, andp,=8.31 a.u., as given by the ’ ]
computations of Watson for Bt cations?® By taking into 1 TNLTMI
account the overlap effect and the fact that the Fe-O distance OIS t——T——T 71T T
in NdNig o= /O3 is about 7% shorter than that in NdFgO ¢ S0 1 L 20 29 T
we obtain from Eq.(2) an increase inAp,,(0) by about
1.34a0'3. Using an isomer shift calibration constat FIG. 3. Temperature dependence of tHEe isomer shift for

:(7|S/(9ps(0) =~ 02,24 the value of AIS:(aNdFeQ_ 5NdNi03) Nleogd:Q)Op3
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NdNio.ssFe0.0203 Substitution ofg In f(T)/T, obtained from the temperature
T>Twi=Tn dependence of the resonant afEa. 4) into Eq. (4), yields

the force constanK=0.97x 10° dyn/sm, experienced by

®'Fe probe atoms in NdNigde, /O3 lattice. This value can

be compared toK=1.5X10° dyn/sm for NdFe@'’ ob-

tained by the same procedure, using the experimental values

(961 dTy=-4.2x 104 mm/s K and®,,=720 K[see Eq(6)].

The observed large differenc&K=0.53x 10° dyn/sm, in

the force constant values between iron and oxygen atoms in

the two perovskites having the same local environments of

®’Fe atoms suggests a very different covalent contribution in

the Fe-O bonds in these oxides.

The third part of the discussion is devoted to the analysis
of the change of IS value at the transition temperature.
Around T= Ty, (=Ty), the IS value undergoes an abrupt de-

® crease and the slope of the thermal dependencé(Toralso
shows a significant chandEig. 3). Since the experimentally

FIG. 4. Thermal evolution of the logarithm of théFe normal-  derived IS is the sum of a term depending on the electron
ized absorption area for Ndjjgre, o:03 density at °'Fe nucleus(8,) and of the temperature-

dependent second-order Doppler sk [see Eq(3)] it is

bauer nucleus, which significantly depends on chemicaPnly possible to conclude that either or both are undergoing

0.00
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-0.02

T T T T T T 1
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bonding and the local structure of iron catighs anomalous change in the vicinity ofy,=Ty. However,
we supposed that the observed discontinuity in (IS5

9dsoplT) _ 32 \dInf(T) @ =0.12 mm/$ could be attributed to the structural anomalies
aT 2M Ei aT across theMl transition in Pr, Nd nickelate®, which induce

) ) . . significant electron-density redistribution such that the
where(i) E, is the nuclear transition energy fofFe nucleus, g glectron density af’Fe nucleus is enhanced hyp4(0)
(i) M is atomic mass of iron, andii) f(T) is the recoil-free ~0.6 a.u.(Ref. 30 in the insulator phase.

fraction (or Debye-Waller factgr In a Debye approximation In fact, according to neutron-diffraction data for PrNiO
[n], the temperature dependence of @) is given by the 514 NdNiQ,, on cooling throughT,y its volume expands by
equation ~0.2% due to a slight increase of the average Ni-O distances

3E T\2 (O xdx (~0.004 A and decrease in the M0-Ni bond angle
Inf(T) = - —=X {1 + 4(—) J ] (5)  (AA=-0.5°).2 We believe the reduced IS f3fF€*" probe
2kg0p Op/ Jo €-1 ions in insulator regiméT >T,,,) reflects an enhanced cova-
lent contribution to Fe-O bonds due to a reduction of the
Fe-O-Ni angle which reduces the competition effect for the
same G:2p,, orbitals by the bridged Fé& and NF* cations.

where(i) kg is the Boltzmann constantij) Eg=0.002 eV is
the recoil energy of the fre&Fe nucleus, andii) O is the

. <
Debye temperature. At low temperatur€s<®/2), the The covalent electron back transfer from thé @p, to

zero-phonon fraction is nearly constant, and n®ar(high- . . ) ;
temperature limjtit shows approximately a linear decrease..':63 4s orbitals would increases (0) charge-density at the

For a thin absorber the temperature of recoil-free fractio©" nuc(ﬁ’i _?nd Erhhgrefo;e reduc;es tge .IS from the \:jalue
is well represented by the temperature dependence of tH&?SEIve mi- This change ofp,(0) is pronounce
area(A) under the resonance curve. The thermal evolution of"0Ugh to overcompensate the some covalent transfer to

the logarithm of normalized absorption area f&e dopant empty Fé*:3d orbital, which increases the screening of the

in NdNi odF@, 0,03 is Shown in Fig. 4. The observed slop of core ns electron@=1-3 from nuclear charge, thus increas-

this linear dependenceln[A(T)/A(100]/dT=-5.02x 104 ing the IS value. This conclusion is qualitatively consistent

allows one to determine the Mdéssbauer lattice temperatur\é\"th observat|_on that in hl_gh-spm %tZG € catlo_ns, all 8
(®,,) as probed by thé’Fe atoms, using the relationship orbl_tals are singly occupied so that the net gain energy re-
valid in the high-temperature lindf ' sulting from electron transfer from the oxygen to these orbit-

als is not as large as for the empty drbitals.
IINA(T) dInf(T) 3E§ Figure 3 shows the significant change in the slope
T T kMEer (6)  98(T)/dT=~-8.1x10* mm/s K atT < Ty(=Ty). According
B M to Eq. (4), this change can be attributed to a magnetization-
The least squares fitted to experimental points leads tdependent Lamb-Mdssbauifactor [or lattice temperature
0, =450+10 K. This value agrees well with those probed(®M), see Eq(6)] probed by the’Fe atoms in the nickelate
by the ®Fe dopant in other structures of transition metalstructure. Some authors have observed the same abrupt
compoundsg/?2 However, it should be noted that this value change below the magnetic ordering temperature of the slope
is not to be compared with Debye temperatures from indeef the curvef(T), which physically means that the mean
pendent specific-heat data, because they are determined byuare displacement of th¥Fe atoms decreas&s3? The
different weighted averages over the frequency spectrum. large increase of thdé factor can be related to a strong
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mally trivalent iron cations in oxide compountisHowever,

the observed difference betweépand &, values reflects the
different covalent character of the Fe-O bonding if1F&g

and Fé€2)Og polyhedra. Taking into account that the decrease
of the formal oxidation state of iron cations normally leads to
the increase of the corresponding isomer shift, the quadru-
pole doublet with the highe#; value can be assign to the
Fe(1) cations substituted for nickel in Ni)Og polyhedra. In

(a) this case, the second quadrupole doublet with the sméler
value should arise from the BB cations substituted for

Insulating — monoclinic
phase

Absorption (%)

3 1 0 1 2 nickel cations in the electron-enriched(R)iOg polyhedra.
Velocity (mm/s)

It is very interesting to elucidate how the difference be-
tween the formal charge&;) of the F&* (1) and F&*(2)
dopant ions, manifesting itself as the difference in corre-
sponding isomer shift&s; and8,), correlates with the charge
redistribution («) between the N ®*(1) and Ni¥*¥*(2)
cations caused by the monoclinic distortion of small-earth
nickelate lattice. For this purpose, we propd$eah empiri-
cal expression relating the mean formal charge of high-spin
Fe™ cations in octahedral FeQolyhedra to the correspond-
ing isomer shift value

1.0
T = 650K

Metallic — orthorhombic
18 phase

14

Absorption (%)

6=(1.25-0.30x n) £ 0.03[mm/sg], (7)
= (b) where thes value refers toa-Fe at room temperature and
¥ ¥ 3=n=4 is the mean formal charge of the iron cations on a
2 1 Velocit;’ iy ! 2 time scaler> 108 s. Substituting the experimentd) and 5,
values in the relatior{7), the formal valences;=3.13 and

FIG. 5. 5Fe Mosshauer spectra of LujNiFFey O3 at (@ T n,=3.67 for F¢1) and F&2) cations, respectively, were cal-

<Tv and(b) T>Ty. culated. The effective charge values thus obtained clearly
indicate the two chemically different EB and Fé2) sites

magnon-phonon couplingsee the works of Erementet al. for iron probe atqms. Mqreover, jthe differ.ence between these
cited in Ref. 33, thus underlying the important role of mag- V&luesAn=0.54 is consistent with the dlﬁerenm:9.66
netic and electron-lattice interactions as a driving force for2etween the formal valences forNil) (2.58 and NI(2)
the insulator-metal transition. (3.24 ions in LuNiO; calculated using bond-valence

It should be noted that in a recent Méssbauer study oPfOWn's _model%ﬁ This finding provides independent quanti-
NdNig odF 6,005 (Ref. 15 at T<T,y, the Mdssbauer spectra tative .eV|den9e for a charg.e d|spr0port|0nat|.on phen_omenon
have been resolved into two magnetic Zeeman spectra withSSociated with the insulating phase of Lulierovskite.
the same isomer shift values, and quadrupole splitting which !t should be noted that the ratio of the are®d)/A(2)
underlined that all the Fe sites are crystallographically=2 under the Fe) and Fé2) sub-spectra considerably dif-
equivalent. Only the magnetic hyperfine fieldsandH, are fgrs .fror.n unity and thereforel indicates the lack of rando.m
very different(H, ~ 430450 kOeH,~ 15—22 kO¢. These  distribution of dopant iron cations over two crystallographic
results support the orbital ordering in the whole NdjiO POsitions in the monoclinic lattice of Lublid=€, 0Os. A rea-

(Refs. 11 and 1plattice instead of the charge orderiffg® son for this can be “steric” effects caused by the fact that
average iron-oxygen distances in ftrivalent iron oxides

(FE*-0)=2.03 A22are close to that in N1)Og polyhedra in
LUNi g 9g~€.003 the monoclinic LuNjqd e 005 sStructure, (Ni(1)-O)
The®Fe spectra of LuNjgg&, o3 recorded in the insu- =2.00 A This seems to result in the preferable substitution
lator paramagnetic regiofy<T< Ty, consist of two quad- Of trivalent iron for Ni(1) cations rather than for &) cat-
rupole doublet§Fig. 5a)] thus indicating thaf’Fe dopant ions located in considerably smaller (RiOs polyhedra,
are located in two nonequivalent @ and F€2) crystallo-  (Ni(2)-O)=1.92 A? Moreover, in our previous wotR*
graphic sites. This result is consistent with early observedt has been found that theA(1)/A(2) ratio remains
monoclinic symmetry for the small rare-earth nickelates beconstant within the experimental error féNig od-€, 003
low T,”1® which implies the existence of two types of al- (A=Lu,Y,Tl) nickelates with a varied degree of monoclinic
ternating N{1)Og and Ni2)Og octahedra. distortion. This finding is qualitatively consistent with the
The isomer shifts §=0.31+0.01 mm/s and 8, data of Alonscet al33 who showed that the effective charge
=0.15£0.01 mm/s(T=300 K) for both Fdl) and F&2) of the Ni1) and Ni2) cations and, hence, the sizes of the
states fall within the range af values corresponding to for- Ni(1)Og and Ni2)Og polyhedra, respectively, remain unal-

2.6
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<= Insulator =——=>> i = Metale=> Orthorhombic structure (T > Tmy)
0.4 ' (@)
............ :
.................... : 0 -._'_..0
(T I U — R Th |° § 0
= 4 b/
dd/dT = -4.610" mm/c ] —0—/Fe/—0-—...—0—/Fe/—O—
. 021 ! 0 J) o |
£ U Fell 0
g T
0.1 i
( ) ( I % /KI
F (<n>-0]) 1 (<n>+0) <n>
0.0 ¢ (W Fe @ ?%/F; Monoclinic structure (T < Twy)
Ve FelD) o ®)
T T T T 7/ T T O
150 200 250 300 650 700 (1) o)
T (K) P
—— 0—}Fe(2)<—0—...—0<—Fe(1)—>0—...
FIG. 6. Temperature dependence of e isomer shift for Fe 00 o l
(1) and Fe(2) subspectra for LuNigd-e, o3. The dashed lines are
_- 4 )
calculated from the average slopé/ dT=-4.6X 10°* mm/s K(see Fe(2) = Fe ™ Fe(l) = Fe ™"

text).

tered while the degree of monoclinic distortion increases ir e3|+:IG|o:s Ssgsrznaif: Ornt:rfogmrc'g;t'r:'omsr:ﬁ?' ?P;Agﬂg?f”gff

ANIOj nickelates seriefHo—Lu, Y). LUNi fruct
The analysis of the temperature-depend®e Moss-  -UNiosd=@.00; structure.
bauer data(5,A) has allowed us to follow the structural
changes of the local environments of iron dopant ions con- . (-0)+ .
comitant with the electronic delocalization in the NiO spect to the reference f2¥ state byo, i.e., Fé Os (Fig.

subartay o the LulyFi, sampl s heaed trough 7 TIETSTE, e e catlons substited for kel e
the insulator-metal transition. Figure 6 shows the thermaf’ Fé<n>+g)+06 ps{) fituti fs —0.23 / 9 |
dependence of; and &,, which are very sensitive to the :.e.,d b 6- > Sf' l;]'on 0_298 K_+ ' mn: s,fca Cﬁ'
electronic state of K&) and Fé¢2) ions, respectively. In the ated by correction of t ?5553 K:0'08‘0'02 value for the
temperature rang@y<T=<T,,, the 6, and &, values de- second-qrder Doppler shiffgg K= 9650 K+ 98T X AT, Into
crease monotonically upon increasing temperature with thgq (7), yields the formal_effectlve chgrg(el>:3.40. Using
slope 96/ JT~-0.48x 1074 mm/s, which can be related to this value, the changes in the effective charges(n)-n|
the second-order Doppler effect. It suggests a very wigak Were calculated for the k#): ¢,=0.27 and F&): 0,=0.26
any) thermal dependence of effective charge for the iron dopWith respect to the reference & site. _
ant cations in the K&)O, and F€2)Og polyhedra. This con-  An interesting point is ther; and o, values obtained us-
clusion is very consistent with the recent high-resolutionind the above empirical formulé?) appear to be in good
neutron data for undoped LuNiS® in which the degree of adreement with the degree of charge disproportionation,
charge disproportionatiofr) of Ni®®*(1) and Ni¥*®*(2)  a=[(m-nl, for the two nickel sites NL): @;=0.32 and
cations, defined by the size difference between largeNi(2): @;=0.34, in the monoclinic-insulating phase defined
Ni(1)Og, and small, Ni2)Og, polyhedra, reaches a maximum With respect to the single Ni* sites with(n)=2.90 in the
already at room temperature. orthorhombic-metallic phase. We are thus led to conclude

One of the main findings is that upon heating of that the charge state and the local environmentfeé probe
LuNig od-ey 0J05 sample well abovey,, the °>’Fe spectrum atoms are very sensitive to the variation of electronic struc-
shows the abrupt convergence of the twq1Ffeand F¢2)  ture in the NiQ subarray of LUNj o= 003 nickelate. Tak-
subspectra, in the monoclinic-insulating phase, to one quadng into account the very different electronic configurations
rupole doublet in the orthorhombic-metallic phafeig. and chemical properties of trivalent Niand Fé* cations,
5(b)]. This result would suggest the formation of a uniquethis result is very surprising. Calculations of thi&e doped
state for iron probe atoms and could, therefore, imply thafickelate electronic structure in the local-density approxima-
the charge disproportionation in NiGsubarray completely tion +U approach are under investigation to confirm our
vanishes at thél transition. results.

The isomer shift valug=0.08+0.02 mm/$653 K), cor-
responding to a single F& site in the high-temperature
orthorhombic phase, is intermediate between those deter- ACKNOWLEDGMENTS
mined by extrapolation of thé;(T) and 5,(T) curves in the
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