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Orbital ordering in NdNiO ; and SmNIO; investigated by Massbauer spectroscopy
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A Mdssbauer study ofFe doped NI' perovskites, NdNiggFe, o203 and SmNi ofF &, 003, in the magnetic
ordering domain T<Ty) has revealed that the Fe probes occupy two types of sites, i), &ed F€2),
showing very different values of the magnetic hyperfine fields~430—450 kOe, b~15-22 kOe). The
close values of the isomer shiff) and the second-order quadrupole perturbation paraneten the sub-
spectra, for both Fe sites, have underlined that all the Fe sites are crystallographically equivalent. In the light
of orbital ordering model suggested by the neutron diffraction studies, the partial substitutidh (Iﬁghé) by
Fe'" (t3,e5) may induce significant topological frustration of ¥espins in surroundings of Ni orbitals,
leading to two different magnetic environments around Fe bdiqw Additionally, the M®sbauer spectra at
300 K (>Ty) indicate that all the available sites for probe atoms are crystallographically equivalent in the
insulating SmNj od~&, 005 as well as in the metallic Ndibg=e, 005 . The present result may be an evidence
of the important role of the orbital ordering in determining the electronic properties of thepbliovskites

containing large rare earth.
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The rare-earth nickel pervoskitésNiO; (A, rare earth ~ tion. Other possible explanation is that the magnetic structure
which were synthesized for the first time in 197are being results from the alternating arrangement of more strongly
investigated with renewed interest in recent years due to theitovalent Ni-O-Ni layers and more ionic Ni-O-Ni layet3he
unusual electronic/magnetic properties. This family undergderromagnetic coupling might be a consequence of the cova-
two transitions, an insulator-metal transition&t, and an lent exchange due to strong Ni-O hybridization in the cova-
antiferromagnetic ordering ay (Ty=T,y for A=Pr and lent layers, in contrast to the superexchange coupling respon-
Nd, whereasTy<T,y for A=Sm—Lu).? T, and Ty are sible for the antiferromagnetic interaction in the ionic layers.
systematically related with a variation of the Ni-O-Ni bond ~ On the other hand, recent neutron diffraction stutifes
angle driven by the size of rare earth. For the large rare-eartbmall rare-earth nickelate&NiO; (A=Ho, Y, Er, Tm, Yb,
compounds(A=Pr, Nd, Sm, and Ey no reduction in the and Lu, have pointed out a subtle monoclinic distortion
crystal symmetry acrossT,, was detected by neutron (space groupP2,/n) of the perovskite lattice alT<T,,
diffraction> Only slight expansion of the unit-cell volume which allows two kinds of Ni positions in the lattice leading
takes place as a result of a small increase in Ni-O distance aim two distinct mean Ni-O bond distances for(Ni and
reducing the temperature throudhy, . Below Ty, their  Ni(2). From these observations, partial charge disproportion-
magnetic ordering was characterized by the propagation veation 2NF*—NiCGT)* +Ni(®~2)* has been suggested for
tor k=(1/2,0.1/2). In this magnetic structure, eac'Non  insulating regime. The magnetic structure for these com-
is coupled ferromagnetically to three nearest neighboringpounds, which has the same propagation vector
Ni"" ions and antiferromagnetically to three remaining neigh-=(1/2,0.1/2) as observed in the large rare-earth nickelates,
bors through the oxygen ions of the NjOctahedron. Based has been described by the ordering of two kinds of nickel
on these findings, an orbital ordering was proposed foions with different charges.

ANiO3 (A=Pr, Nd, Sm, and Ey which might result from Very recently, we had attempted to examine such contro-
the breakdown of the degeneracy of é‘gestate in low spin  versial problems in the electronic, magnetic, and crystallo-
Ni"" due to electronic correlatichThis model(Fig. 1) as-  graphic structures oANiO5 perovskites by means of ds-
sumed a nonuniform distribution of the half occupigd.,, bauer spectroscopy after doping with small amount’&e

or d,, orbitals and the magnetic structure was interpreted aprobe atoms in nickel site. For the small rare-earth nick-
a result of the Kanamori-Goodenou@G) rules: the neigh- elates, the partial charge disproportionation phenomenon
boring Ni"" ions with electrons in the same orbital are anti- could be confirmed by detecting two kinds of S&bauer
ferromagnetically coupled and those occupying different or-absorption peaks with distinct values of isomer shift for the
bitals prefer to align their spin parallel. However, the small rare-earth nickelatesAE Y,Lu,TI).” This work is to
expected2ax bx 2c superstructure reflections due to the or- extend theANiO; perovskites containing a large rare earth.
bital ordering are too weak to be revealed by neutron diffrac\We report here the hyperfine interactions parameterSFad
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FIG. 1. Magnetic arrangements of the Ni moments in &¥iO; (A=Nd,Sm) atT<Ty. The different shading of the octahedra
corresponds to the occupation of eitftgg- or d,,.,,-type orbitals and local magnetic surrounding of Biand Ni2) cations.

atoms introduced as Msbauer probes into NdNiOand nearly regular NiQ octahedra observed in the first members
SmNIG; and discuss the magnetic structures in the light ofof the ANiO5 family. The full linewidth at half height for
the orbital orderiny proposed by the previous neutron dif- each component of doublet§ €0.28 mm/s) was found to
fraction studies. be close to the corresponding value for the calibration spec-
The polycrystalline’’Fe doped samples, NdNjgFey 00s  tra (I'=0.26 mm/s), which is evidence of equivalence of the
and SmNj od& 003, were prepared by the high oxygen crystallographic positions occupied by the dopant Feat-
pressure treatment of precursors obtained from sol-gdbns in the insulating Smiyde, o/O05 as well as in the me-
method. The appropriate amount &,0; (A=Nd,Sm), tallic NdNig g & ¢/O5. This result contrasts with the case of
Ni(NOs), 6H,0, °’Fe metal, and citric acid were dissolved ANiO, ogF &) 005 (A=Y,Lu,TI) (Ref. 7 in which the Mss-
in dilute nitric acid. The solution was evaporated keeping itshauer spectra show two kinds of doublets with different iso-
pH 5-6 until a blue gel was obtained. The gel was decommer shift values originated from the charge disproportion-
posed at 750°C fo6 h in air. Theresulting powder was ation of Ni"" (Table .
heated at 850 °C for 4 days under an oxygen pressure of 100 The spectrum of Smiybde, o3 recorded in the metal-
MPa. The Fe-doped samples show lower value3pthan  lic domain T=500 K (>T,,) is very similar to that in Fig.
those for undoped compoundBTy (NdNigodeo0s)  2(b) and can be described as one doublet with the parameters
=150 K andTy (SmNi ggF ey 0/03) = 210 K].2 Ty coincides  §=0.16 mm/s and\ =0.10 mm/s. The isomer shift exhibits
Ty for NdNigodey 003, Whereas Ty, (>370 K) for  the decrease—0.10 mm/s, with respect to the room-
SmNipod-ey.00s is much higher than itsTy. The >Fe  temperature value. This decrease of thealue is in agree-
Mossbauer spectra were recorded at various temperatures usent with the second-order Doppler shifind suggests that
ing a conventional constant acceleration ddbauer spec- the electronic configuration of the dopantFé3d"4s™) cat-
trometer. The radiation sourcéCo(Rh) was kept at room ions, in terms of effective, mnumbers ofd ands electrons,
temperature. All isomer shifts refer to theFe absorber at is not temperature dependent.
300 K. Below the magnetic ordering temperaturds<{(Ty) the
The Massbauer spectra recorded in the paramagnetic daviossbauer spectréFig. 3) are resolved into two magnetic
main (T>Ty) (Fig. 2) are characterized by a single unre- Zeeman sextets. Magnetic hyperfine fields valtlgsandH
solved quadrupole doublet with the isomer shift valiés for the subspectra are considerably different. The ratio of the
=0.23 mm/s for NdNjode&oLO; and 6=0.26 mm/s for areas for two subspectra is close to unity. The isomer shift
SmNip odFey.00s) corresponding to Fé cations in oxygen values(d) for two subspectra are approximately the same
octahedral coordinatiohThe small values of the quadrupole (Table I). These features underline that a statistically equal
splitting (A=0.11mm/s for SmNjode O3 and A amount of the probe atoms occupy two kinds of sites, i.e.,
=0.08 mm/s for NdNjq¢d& o03) are consistent with the Fe1) and Fé2), whose environments are chemically equiva-
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FIG. 3. %Fe Mdssbauer spectra ¢8) NdNig odFe, 005 at 60 K

FIG. 2. 5"Fe Mtsshauer spectra ¢& NdNig o & 003 and (b) and (b) SmNb.od~6020; at 80 K.

SmNj o€ 0LOg at room temperature. ) . .

To explain the unusual aspect in the 8ébauer spectra
lent but magnetically different. The second-order quadrupold®" SMNb.og=€.0203 and NdNp od=€,0L03 the orbital orde4r-
perturbation parameter@) for two subspectra are of the Nd model previously proposed by Rodngues“—C.arJ.aelam._
same sign and similar magnitude, which implies the locafould be used. Considering that a part of'Néations is
structures for F@) and Fé2) are also approximately same. Substituted by FE& ones, the possible arrangements of the
The & values observed &t< Ty cannot be easily correlated Orbitals in the lattice are illustrated schematically in Fig. 4.
with the A values T>Ty). From the equation for the quad- Ni" ions are in the electronic configuratiotsfeg) making
rupole perturbation parameter in magnetic ordering domainthe lattice break up into two orbital sublattices, each with

predominantly one of thd,, or d,,.,, orbitals half occupied,
e=A(3cog 0—1)/4 whereas F& ones have thetﬁgeé) configuration with two
' half-filled ey orbitals. In this scheme, the-superexchange
where @ is the angle between the directions of electric fieldNt€ractions €;-p,-€g) between F&" and ',\” are divided
gradient and the hyperfine fieléH) at the iron site, it can be into two types:(i) the interactions that are in agreement with
shown that 8|2e/A|<1. From thee values for both nick- KG rules andii) the interactions in disagreement. According
elates it follows that\ =0.02 mm/s aff <T . However, no (© Fig. 4, each F&) cation inx-y planes is couplled ferro-
magnetic data exist foRNiq ofFe 005 concerning the spin Magnetically with two nearest neighboring Ni(d},) ions
direction of the Fe probes, which makes difficult the detailedthrough the overlap of a half-filled,.,, (F&) and empty
analysis on the distortion of F&)Os and Fe(2)@ octahedra  Uxz-y2 (Ni) orbitals and is coupled antiferromagnetically to
below Ty, the remaining two Ni{§,dy;.,,) neighbors having the,,.,
orbitals half occupied. These four @¢O-Ni magnetic in-
TABLE |. Mossbauer parameters foANiqqd-ey o O05(A
=Y,Lu). TABLE Il. M0 ssbauer parameters for N@iNi>'Fe, 0,05 (60 K)
and SmN ¢5°'Fey 003 (85 K).

T o A r A
Compound (K) Site (mm/9 (mm/g (mm/9 (%) Compound Sites 6 (mm/9 & (mm/9 H (kOe) A (%)
YNig o€ 203 300 Fél) 0.321) 0.341) 0.31(1) 702 NdNip oFey 003 Fel) 0.282) 0.031) 446(1) 472
Fe2) 0.181) 0.231) 0.311) 302 Fe2) 0.272 0.031) 14(3) 53(2)
LuNigofFeoOs 300 Fél) 0.3%1) 0.381) 0.301) 672) SmNipoFeoO:; Fel) 0.362) 0.022) 4301 522
Fe2) 0.161) 0.241) 0.301) 332 Fe2) 0.342 0.022) 20(3) 48(2)
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FIG. 4. A schematic representation of the orbital arrangement (i) Fend F€2) probe atoms in théNiO; structure and expected
magnetic interactions.

teractions inx-y planes satisfy the KG rules, whereas two trated antiferromagnetic interactions betweeri ‘Fét3 e?)

magnetic interactions alorgaxis between Ni and k&) will and high-spin F'éf(tggeé) as in case of Fe-doped 'Niper-
be in conflict with KG ruleqFig. 4@)]. The conflicting in- 5y skites.
teractions lead to topological frustration of(Egspins along Very recently, a description including the charge ordering

z axes (these are called “frustrated interactions'Taking i oxygen 2 orbitals inANIO; (A, large rare earthhas been
into account that the frustration makes magnetic interactiongroposed by Mizokawt al® Due to small charge-transfer
between the spins very weak, it is possible to neglect th%nergy(A) for the nickelates, the part of the oxygep Band
magnetic interactions along axes and to regard the mag- .5, overlap with the Ni*/2* redox couple so that the ground
netic environment around B as a two-dimensional ISing  giate is a mixture ofi” and d8L, whereL is a hole in the
magnet[Fig. 4(@]. As a result of the weakening of total oxygen band. It was assumed thafra:tT;V half of the oxy-
magnetic interactions through such process, the rapid relaﬁen sites have more holes {&) than the other half
ation of the F&* spin_s is _expected, allowing to explain the (0?7). In this picture, the low-temperature phase of the
lower value of hyperfine fieldH,) (446430 kOgfor F&(1)  ANjO, presents a coupled spin-density wave and charge-
in comparison to those observed for’Fdons in other three- density wave propagating along a cubid1] axis with the
dimensional(3D) antiferromagnetic pervoskites, such as the«jgnic” antiferromagnetic N#*-02"-Ni2* and “covalent”
rare-earth orthoferriteAFeQ; (H=540-560 kOe)"’ ferromagnetic Ni*-O*3% -Ni?* layers. It should be noted
The similar analysis for R) ions reveals that two KB)-  that in the approach of oxygen-site charge ordered, which
O-Ni interactions along axes are of predominant strength suggests that all R (3d®L) sites have the half-fillea,
and four F€2)-O-Ni interactions inx-y plane appear to be orbitals, the substitution of Ri (t3,e5) with F&* (t3,e5)
very weak due to the frustratidirig. 4b)]. In this case, the would not perturbate too much the local magnetic structure
local magnetic structure seems to have a quasimonodimef ANiO;. Moreover, the asymmetric distribution of nega-
sional character. This makes the spin relaxation time fotive charge (3® +30'%%") surrounding the F& cations
Fe(2) ions become much shorter and the motional collapse oih octahedral polyhedra Fg®nust lead to a high quadrupole
the magnetic spectrum commences so that the magnetic hgplitting. In our Massbauer study, the small value of the
perfine field observed for K2 is very weak H, quadrupole splitting seems to support the orbitals ordering
=14-20kOe). The magnetic behavior on the ddbauer model.
spectra is very similar to that observed for, §ra; /6,0, In conclusion, Masbauer investigations  of
SrLaFe0g 417, and SrFe@,,.™ The magnetic properties of ANig g’ 'Fey0/0; (A=Nd,Sm) underline thaP’Fe probes
these compounds are presumably determined by the frusccupy the same crystallographic sites in the perovskite lat-
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tice. The two different hyperfine field$H() observed in the dominant 2D magnetic interactions for &g (H;

antiferromagnetic domainT(<Ty) suggest two different ~430-450kOe) and quasi-1D ones for (Be (H,

magnetic surroundings foFe probes. On the basis of the ~14—20 kOe). The close value forande(A) for each sub-

model of orderinge, orbitals for Ni" in the NdNiO; and spectra are consistent with 3only one nickel site into the
; ; +

SmNIO; lattices, such different!; values have been ex- ANIOs lattices for the largesd™" rare earth.
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