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The structural changes of polycrystalliNiO5; perovskites R=Ho, Y, Er, and Lu, prepared under high-
oxygen pressupeacross the metal-insulaté®I) transition (T, ranging between 573 and 600 Kave been
studied by high-resolution neutron- and synchrotron diffraction techniques. In the insyigimgconducting
regime, belowT ), , the perovskites are monoclinic, space gr&®y /n, and contain two chemically different
Nil and Ni2 cations, as a result of the charge disproportionai@D) of Ni®" cations. AboveT,, the
samples become orthorhombic, space giebpm Upon heating acrosE,;, the CHD vanishes and there is an
abrupt convergence of the two séiil and Ni2 of three Ni-O bond lengths, in the monoclinic-insulating
phase, to three unique Ni-O distances in the orthorhombic-metallic phase. An unexpected expansidn of the
unit-cell parameter is observed across the electronic transition. This effect, not reported for the former mem-
bers of the series, is the consequence of an extremely anisotropic rearrangement of Ni-O bonds across the
transition. The distortion of the Nigoctahedra reaches its maximum value at temperatures cldgg torhe
evolution of the mean(Ni-O) bond lengths suggests a gradual increase of the degree of €CelDthe
difference between the average size of NjEDd Ni2Q octahedraon increasing temperature in the insulating
regime, to reach a maximum at 60—80 K below the MI transition.

DOI: 10.1103/PhysRevB.64.094102 PACS nuni®er71.30:+h, 71.45.Lr, 71.38-k, 75.25:+z

[. INTRODUCTION becomes magnetically ordered beldy and the correspond-
ing phase diagram as a function of the tolerance factor was
The family of RNiO; perovskites R=rare-earth metals) mapped ouf:® The magnetic ordering of Ni beloWy (Refs.
offers an excellent opportunity to study a metal-to-insulator9—11) is defined by an unexpected propagation vedtor
(MI) transition in narrows™-band oxides, in which the — (1 1) which implies that ferromagneti®dM) and anti-
bandwidth can be significantly varied as #g(Ni)-2po(0)  ferromagneticd AFM) Ni-O-Ni couplings alternate along the
covalent mixing is progressively reduced fré®=La to Lu.  three pseudocubic axes. Based on these findings a nonuni-
The metallic character of rhombohedral LaNi@as re-  orm  distribution of the confinede. electron was
ported in 1965(Ref. 1); it exhibits Stoner enhanced Pauli predicted® ! In these perovskites, Ni isgin its low-spin 'Ni
paramagnetisr_n by the_ proximity to thg qitical bandwitith. state CZSeé) (Ref. 9 and, therefore, the* band is twofold
A'O”Q the RN'Q3 far_mly, the suscep_t|b|l|ty ?VOIVGS from degenerated. However, the search for a structural modulation
Pauli to Curie-Weiss paramagnetism with decreasing,,,comitant to the observed magnetic periodicities did not
bandwidth?* The materials containing®®" cations smaller reveal the expectedaxbxc superstructure reflectiortd
than La* present a rather rich phenomenology associateq}, orger to explain the magnetic structure, Goodenough sug-
with the MI transition. The gradual tilt of the Nigbctahedra gested that FM coupling might be a consequence of the co-
as theR®" size decreases governs the-2p orbital overlap  yalent exchand® due to strong Ni-O hybridization, in con-
and determines the MI transition temperatufg,(). Lacorre  trast with the superexchange coupling responsible for the
et al® established the low-temperature insulator behavior ofAEM interaction.
the Ni perovskites withR=Pr, Nd,...,Eu. They present In spite of the electronic Jahn-Tell&iT) configuration of
orthorhombic symmetryspace groufbnm both above and the low-spin Ni! ion in the octahedral site, Ngoctahedra
below the MI transition. The subtle structural changes acare almost regular in the first members of RigiO5 family,’
companying the metal-insulator transition, described in Refindicating the absence of a cooperative JT deformation. This
6, do not imply a symmetry change. The insulating phaséehavior contrasts with that shown by LaMp{2ontaining
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TABLE I. MI transition temperature$k) for RNiOg, obtained  scanning calorimetryDSC) techniques. We present a de-
from DSC data in the heating and cooling runs. tailed study of the structural changes associated with the
electronic localization in these distorted perovskites.

R Heating Cooling

Ho 573 568 Il. EXPERIMENT

E 55885, 2;2 RNiO; (R=Y, Ho, Er, Lu) perovskites were prepared as
LL 599 594 polycrystalline powders by high-pressure solid-state reac-

tions, as described elsewhéfall the samples were single
phase by diffraction measurements. DSC measurements were
performed in a Mettler TA3000 system equipped with a
Mn®*, a JT ion ¢25e;)], probably as a manifestation of the psC30 unit, in the temperature range from 300—863 K. The
higher covalent character of Ni-O bonds. In addition, theheating and Coo”ng rates were 10°C ﬁﬁnusing about 70
Signature of a Significant electron-lattice Coupling was Obmg of the Samp|e in each run. NPD measurements were car-
served in isotopically enricheBNiO3® sample® and by in-  ried out at the DB high-resolution diffractometer at Institut
frared measurement3.These experiments demonstrate the| aue Langevin(ILL )-Grenoble forR=Ho, Y, Er, and Lu.
importance of some oxygen vibrations in the MI transition, Samples were placed in a thin-walled vanadium can, inside a
confirming that phonons participate in the electronic trap-vanadium furnace working at 16 mPa. NPD data were al-
ping. The electron-lattice coupling is expected to increas&vays collected in a warming process. In order to avoid
along the series, @&*" cations become less electropositive. hysteresis-related effects the temperature was slowly in-

Recently, we reported the occurrence of a charge dispracreasedmaximum 5 °C min?) and the sample was kept at
portionation(CHD) of Ni** cations associated with the elec- the target temperature for 30 min before each data collection.
tronic localization in YNiQ (T, =582K).!® In the delocal-  In spite of the relatively small amount of sample available
ized carriers regime, aboveTy,, the structure is (500-800 mg good quality patterns were obtained in the
orthorhombic (Pbnm), similar to that of RNiOs, R=Pr,  high-flux mode. The wavelength was 1.594 A. Synchrotron
Nd.®’ Below T,, the symmetry changes to monoclinic x-ray-diffraction (SXRD) patterns forR=Ho and Y were
(space groupg”2,/n). The monoclinic symmetry in the lo- collected on the BM16 diffractometer at the European Syn-
calized carriers regime is due to the existence of two types ofhrotron Radiation FacilitYESRP, Grenoble. The samples
alternating NiQ octahedra. They can be ascribed to two dif-were loaded in a borosilicate glass capillagg€ 0.5 nm)
ferent charge states on Ni or Ni-O bond states. We havend rotated during data collection. A short wavelength,
shown that the symmetry for the small&®t™ cations R =0.518056(3) A, was selected to reduce the absorption and
=Ho, Y, Er, Tm, Yb, and Luis also monoclinic at R¥' The  to get the highest instrumental intensity and resolution. The
comparative analysis of the structure of these insulators atiorking temperature was set with a hot air stream and con-
RT demonstrated that, although the monoclinic distortiontrolled with a thermocouple very close to the capillary. Each
progressively increases as tResize diminishes, the ampli- SXRD run took abou3 h to have good statistics over the
tude of the charge modulation does not significantly evolveangular range 6°-43° in&2 All the powder patterns were
from Ho to Lul’ analyzed by the Rietveld method, using theas (SXRD)

In this work we have used high-resolution neut(diPD) (Ref. 19 and FuLLPROF (NPD) (Ref. 20 refinement pro-
and synchrotron x-ray powder-diffraction techniques to anagrams. As the collecting temperatures for NPD and SXRD
lyze the metal-insulator transition iRNiO; oxides withR ~ were not the same, combined refinements were only per-
=Ho, Y, Er, and Lu, previously identified by differential formed at RT forR=Ho and Y oxides. For the remaining
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temperatures, SXRD data were used to follow the thermaihe DSC curves for the last member of the series, LuNiO
unit-cel_l parameter evolution;_the Ni-O _bond distances wergyptained during the heating and cooling runs. The heating
determined from NPD data given the higher accuracy of thgy.ocess exhibits a sharp endothermic peak centered at 599 K.
refined oxygen positions. The reverse transition, showing an exothermic peak, is ob-
served during the cooling run. By analogy with the DSC
peaks observed at the MI transition of the precedent mem-
The MI transition temperatures &NiOs, obtained from  bers of theRNiO; family,'**¢the peaks shown in Fig. 1 can
DSC measurements, are listed in Table I. Figure 1 illustratebe assigned to the corresponding Ml transition in the LUNiO

IIl. DSC, NEUTRON, AND SYNCHROTRON RESULTS
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FIG. 3. Thermal variation of the unit-cell parameters (@f HoNiO; [Ty, =573K], (b) YNiO3 [T\, =582K], (c) ErNiO; [Ty

=584 K], and(d) LuNiO5 [Ty, =599 K] across the electronic delocalization. Open and full symbols correspond to SXRD and NPD data,
respectively.

perovskite. The thermal hysteresis observed by DSC sud?2,/n space group, with unit-cell parameters relatedgo
gests that the transition is also first order for these stronglyideal cubic perovskitea,~3.8A) asa~v2a,, b~v2a,,
distorted perovskites. The heat transfer accounts for the em~2a,. The previously reported RT structures fRNiO3
tropy and lattice energy gain due to the electronic delocal{R=Ho, Y, Er, and L)'’ were used as starting models. In the
ization. Similar DSC curves were obtained for the remainingP2, /n phase there are two crystallographically independent
nickelates. Ni positions (Nil and Ni2, as well as three kinds of non-
The structural refinements of the NPD and SXRD patterngquivalent oxygen atom&1, O2, and OBall in general
collected belowTy, were performed in the monoclinic positions. Nil@Q and Ni2Q octahedra alternate along the
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three directions of the structure, in such a way that each
Ni1Og octahedron is linked to six Ni2{octahedra and vice
versa. Table Il contains the structural parameters from the
refinements in the insulating region, 60—70 K below the re-
spective transition temperature. TfBeparameter, character-
izing the low-temperature monoclinic distortion, is in all
cases smaller than 90.2°. Such a small deviation from 90°
indicates a strongly pseudo-orthorhombic metric, which en-
forces the use of very high-resolution tools.

Above the transition temperature, the diffraction patterns
were refined in the conventional orthorhomistbnmspace
group, with a single position for Ni atoms and two indepen-
dent positions for oxygens, O1¢% and O2 (&1). Table Il
contains the atomic coordinates and other refined parameters
for the four perovskites in the metallic regime, at tempera-
tures 60—80 K abov@&), . As an example, Fig. 2 illustrates
the good agreement between observed and calculated NPD
profiles for the YNiQ perovskite at both sides of the transi-
tion. The insets illustrate enlarged regions at a higla2gle,
showing important changes in the diffracted intensities as a
consequence of the structural rearrangement across the tran-
sition.

The main component of the distortion from the ideal cu-
bic perovskite structure corresponds to the tilt of the NiO
octahedra, of the typ@ a c¢™ in the Glazer’s nomenclature,
in both theP2, /n andPbnmspace groups. Notice that in all
casex/v2 lies betweerb anda, which is the usual situation
in perovskites where the primary distorting effect is steric.
This distortion is due to the small size of tiR¢" cations,
which forces the Ni@ octahedra to tilt in order to optimize
the R-O distances.

IV. CHARGE DISPROPORTIONATION AND ITS
TEMPERATURE DEPENDENCE

The analysis of the temperature-dependent diffraction
data has allowed us to follow the structural changes con-
comitant with the electronic delocalization as the samples are
heated through the transition. Figure&)3-3(c) show the
thermal variation of the unit-cell parameters ®RNiO; (R
=Ho, Y, Er, Lu). The curves for the four oxides display the
same pattern of behavior, with abrupt changes at the same
temperatures where the DSC peaks were observed. The ther-
mal evolution of the unit-cell parameters is very anisotropic.
The largest changes correspond tod¢t{dc~—0.01 A) and
b (Ab~+0.008 A) parameters, whereas the change irathe
parameter is comparatively much smaller Ag
~—0.002A). In the largeR perovskitesR=Pr, Nd, Sm°
the change in tha parameter is also the smallest. However,
the changes in thie parameter are qualitatively different:it is
interesting to note that the expansionkoécross the transi-
tion shown in Fig. 3 for the insulating monoclinkNiO4
compounds R=Ho, Y, Er, Lu) was not observed in the insu-
lating orthorhombic perovskitedR= Pr, Nd, Sm), for which
b contracts on heating acro3g, .°
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TABLE II. Positional and thermal parameters fBNiO; in the insulating regime, 60—70 K below tfg,, transition, refined in the

monoclinicP2, /n space groupZ=4, from NPD data. Reliability factors for both patterns are also given.

R Ho Y Er Lu
T (K) 503 513 513 533
a(A) 5.193%1) 5.191 686) 5.17421) 5.12351)
b (A) 5.51731) 5.521 746) 5.51991) 5.50891)
c(R) 7.43722) 7.430679) 7.41371) 7.35521)
B(°) 90.06A4) 90.0612) 90.0823) 90.13G2)
V (A3 213.10%8) 213.015%6) 211.7417) 207.6236)
R4e (xy 2
X 0.98177) 0.98174) 0.981G7) 0.97717)
y 0.07174) 0.07172) 0.07134) 0.077G4)
z 0.252614) 0.251898) 0.253@13) 0.25299)
Biso (A?) 0.565) 0.602) 0.61(5) 0.525)
Ni1 2d (300
Biso (A2 0.5211) 0.656) 1.0612) 0.457)
Ni2 2¢ (3 0 3)
Biso (A2 0.299) 0.326) 0.449) 0.407)
01 4e (xy 2
X 0.096998) 0.099G(0)) 0.10318) 0.110Q7)
y 0.46847) 0.469%4) 0.46937) 0.46266)
z 0.2431) 0.24387) 0.244711) 0.244G8)
Biso (A2 0.707) 0.544) 0.786) 0.706)
02 4e (xy 2
X 0.704613) 0.69819) 0.6961) 0.693310)
y 0.3131) 0.30999) 0.3121) 0.313711)
z 0.0471) 0.04676) 0.0481) 0.05387)
Biso (A?) 0.6712) 0.477) 0.7911) 0.729)
03 4e (xy2
X 0.1821) 0.18819) 0.1871) 0.1851)
y 0.2081) 0.205798) 0.2071) 0.201611)
z 0.9451) 0.946@7) 0.9441) 0.94379)
Bi, (A% 0.6012) 0.8298) 1.2(1) 0.928)
Reliability factors
X2 2.25 1.70 1.73 1.50
R, (%) 4.23 3.45 4.29 4.08
Rup (%) 5.29 4.42 5.41 5.11
Rexp (%) 3.53 3.39 4.12 4.18
R, (%) 14.6 5.90 11.1 9.36

Figures 3a)-3(d) also illustrate the anomaly of the vol- the change to a monoclinic symmetry beldyy, is apparent
ume on heating across the transition, due to the disappeaifr the four compounds. It should be noted that, upon cooling
ance of the CHD. We can define a superimposed “contracthe sample well belowl, the distortion evolves progres-
tion” of the volume AV/V with respect to the extrapolated sively: the 8 angle is still rising at 300 K.
thermal expansion if no electronic effects were present at The inhomogeneous charge distribution By, is evi-

Tw - For R=Ho, Y, Er, and Lu,AV/V is 0.07%, 0.03%,

denced by a symmetry breaking of the oxygen positions.

0.12%, and 0.04%, respectively. This volume contraction isTherefore it is interesting to follow the evolution of the in-
smaller than that observed in the first terms of the serieseratomic Ni-O bonds. The thermal dependence of Ni-O dis-

AV/V is 0.25%, 0.23%, and 0.15% f&=Pr, Nd, and Srf.

tances obtained from the analysis of the NPD data is dis-

The temperature evolution of th@angle is also depicted in played in Figs. 4a)—4(d) for the four studied compounds.
Figs. 3a—3(d). Although the deviation from 90° is small, Essentially, the results indicate that the CHD completely
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TABLE lll. Positional and thermal parameters i@NiO3 in the metallic regime, 60—70 K above tfig,
transition, refined in the orthorhombRbnm Z=4, from NPD data. Reliability factors are also given.

R Ho Y Er Lu

T (K) 643 653 653 673
a(A) 5.20261) 5.200517) 5.18161) 5.13161)
b (A) 5.52861) 5.534 198) 5.53311) 5.52931)
c(A) 7.43432) 7.42641) 7.40721) 7.34431)
V (A3 213.8238) 213.74%7) 212.3637) 208.3896)
R4c (xy7)
X 0.98168) 0.98185) 0.982(6) 0.97826)
y 0.07144) 0.07113) 0.07233) 0.076%4)
B (A% 0.71(5) 0.793) 0.884) 0.695)
Ni4b (300
B (A% 0.644) 0.732) 1.063) 0.653)
Ol 4c (xy3)
X 0.09688) 0.09855) 0.10086) 0.11137)
y 0.46828) 0.47015) 0.47036) 0.46297)
B (A? 0.897) 0.824) 1.145) 0.836)
028d (xy2
X 0.69396) 0.69314) 0.69245) 0.68905)
y 0.30376) 0.30374) 0.30555) 0.30765)
z 0.05054) 0.04963) 0.04953) 0.053@3)
B (A% 1.055) 1.043) 1.444) 1.004)
Reliability factors
x° 2.42 2.30 2.53 1.60
R, (%) 4.47 4.11 3.39 4.23
Rup (%) 5.59 5.16 4.25 5.32
Rexp (%) 3.59 3.40 2.67 4.20
R, (%) 18.2 9.66 12.8 11.7
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tropic contraction of Ni-O distances by 0.004 A was ob-
served afTy, , coupled to a tilting of the NiQoctahedra by
0.5°8 This effect was triggered by the sudden electronic de-
localization. For the present compounds, the changes in Ni-O
bond distances exhibit interesting anisotropic features,
mainly concerning O2 and O3 oxygens in the badgplane.
Figure 5 shows the thermal evolution of the meaiirO1),
(Ni-02), and({Ni-O3) bond distances, obtained by averaging

¢ LuNiO ¢ the bond distances from Nil and Ni2 atoms to every oxygen.
As observed for the four nickelates, there is an abnormal

Monoclinic Orthorkombic expansion of one of the bond&\i-O2), while the(Ni-O1)
(insulator) (metallic) and (Ni-O3) average distances decrease when entering the
52K e metallic state, as expected. This result would suggest the

FIG. 6. Projection of the LuNi@ crystal structure along the formation of an anisotropic metallic state and could imply an

c-axis direction, illustrating the bond-length changes induced by thémportant degree of orbital polarization in the high-
electronic delocalization@) below Ty, (insulating and (b) above  temperature orthorhombic phase.
Tw (metallio. The origin of the abrupt increase of theunit-cell param-

eter when heating across the transition can be understood
vanishes at the MI transition in all of the samples. Data inwith the help of Fig. 6. This figure shows a projection of the
Fig. 4 illustrate the abrupt convergence of the two $hlig monoclinic (at 533 K and orthorhombiqat 673 K struc-
and Ni2 of three Ni-O bond lengths, in the monoclinic- tures on the basahb plane for LuNiQ,. For the sake of
insulating phase, to three unique Ni-O distances in theclarity, only one layer of octahedra is represented. In the
orthorhombic-metallic phase. The two apical Nil-O1 andmonoclinic phase we observe that, given the tilting scheme
Ni2-O1 bond lengths result in a single Ni-O1 distance in theand the large magnitude of the octahedral tilts, Ni1-O2
orthorhombic phase, Ni1-O2 and Ni2-O2 bonds converge t¢2.031 A for LuNiQ;) and Ni2-03(1.943 A for LuNiQ)
Ni-O2, and Ni1-O3 and Ni2-O3 converge to Ni-O2, the lastbonds form a small angle=25°) with the b axis, therefore
two bonds approximately lying in theb plane. Namely, each the magnitude of these bond lengths mostly determine the
symmetrically bonded pair Ni-O-Ni abovEy, splits into  size of this parameter. Above the transition, in the ortho-
long and short Ni-O bonds. The result is an asymmetric disthombic phase, both bond lengths become equivalent and
tribution of the charges that implies different overlap inte-take a value of 1.996 A. This is the longest distance in the
grals. NiOg octahedra of the orthorhombic phase and, therefore, the

In the former members of the serieR€Pr, NJ an iso- expansion of thé axis is determined by this particular re-

2.04

2.04 3 A ; A
a <N|1.o>/5\ : HoNiO, C <Ni1-O> . ErNiO,
200{ ¥ 2,00+ I/E\I
< < :
o] <Ni-O> E x (e <Ni-O>
I 1 - R a )
= 1.96 (3 Z 1.96- I/E—E—E %
1.92 <Ni2-0> <Ni2-O>
§\ 1924 o
250 300 350 400 450 500 550 600 650 250 300 350 400 450 500 550 600 650 700
T(K) T(K)
b <Ni1-O> d <Ni1-O>
2.00 / 2.00+ I//E
+
< ) <
< <Ni-O> = -
Q196 F— Q 1.96- :"‘_'ﬂi/E—E} =
4 z L2 }
- <Ni2-0> - 3
2 <Ni2-O> E\ |
924 & 1.92 VN
19 g s % |
250 300 350 400 450 500 550 600 650 700 250 300 350 400 450 500 550 600 650 700
T(K) T(K)

FIG. 7. Thermal evolution of the averaddil-0O), (Ni2-O), and(Ni-O) bond lengths of the NiQoctahedra fofa) HoNiO3, (b) YNiOs,,
(c) ErNiOg, and(d) LuNiOs.
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TABLE |V. Distortion parameterdy (X 10% for NiOg octahedra with an average Ni-O distar(@d,
defined asAy=(1/6)3,-16 [(d,-(d))/(d)]%. Above the MI transition, the values for the unique NiO
octahedra are included under the headingNi106).

R=Ho R=Y

T (K) A4(Ni106) A4(Ni206) T (K) A4(Ni1O6) A 4(Ni206)
297 1.66 0.53 297 1.20 0.83
503 2.54 0.58 513 0.98 1.15
553 2.57 0.63 563 1.64 1.16
593 1.61 603 1.61

643 1.61 653 1.53

R=Er R=Lu

297 1.57 0.77 297 0.83 0.92
513 1.33 0.49 533 1.21 1.23
543 1.92 0.36 563 1.37 0.70
563 2.67 0.38 583 1.37 1.40
583 1.67 603 2.02

603 1.93 623 2.04

653 1.85 673 1.70

distribution of bond lengths. A contraction of the cell param-distorted octahedra. In particular, it is around 30 times

eters is usually expected in an isotropic transition-metal oxsmaller than the deformation found in LaMp@A4~3.3

ide when entering the metallic staiie the absence of Jahn- x107%).12 But, most interestinglyA4 increases with tem-

Teller distortions or the stabilization of a particular orbital perature and reaches its maximum value at temperatures

configuration. We thus conclude that, in these small rare-¢|ose toTy, . In particular, values ofA4 as high as 2.57

earth nickelates, the expansion of thearameter seems 0 x104 (R=Ho) or 2.67<10 * (R=Er) are observed im-

be a signature of the presence of the CHD that vanishmediately before the transition. This is coherent with the

es atTy, . _ ~strong anisotropical changes that take place in the Ni-O bond
To characterize the thermal dependence of the amplitudgjstances concomitant with the electronic delocalization,

of the CHD, it is necessary to study the temperature variatioyhich seems to be characteristic of the small rare-earth nick-
of the average Nil-O and Ni2-O distances, shown in Figsg|ates.

7(a)-7(c). These plots suggest a gradual increase of the de-
gree of charge disproportionatiofie., the difference be-
tween 'ghe average S|ze_of ngQnd N|2Q oqtahedr}l on V. CONCLUSIONS
increasing temperature in the insulating regime, to reach a
maximum of 60—80 K below the MI transition. This effectis = DSC measurements were used to determine the metal-
more significant for YNiQ and HoNiG; and becomes almost insulator transition temperature of highly distort&NiO5
unnoticeable in LUNi@ in which the maximum difference perovskites R=Ho, Y, Er, and Ly, prepared under high-
in size between largéNil) and small(Ni2) octahedra is oxygen pressure. The transitions occur well above RT, be-
already established at RT. This observation could be relatetiveen 573 and 600 K. Based on high- resolution neutron-
to the higher electron-lattice coupling expected for the moreand synchrotron diffraction data, we have reported the evo-
distorted Lu compound. A more complete study of the evo-ution of the unit-cell parameters and crystal structure be-
lution of the degree of charge disproportionation below RTtween 300 and 700 K. The changes in Ni-O distances on
would be necessary before drawing further conclusions.  heating were described in detail, showing that the Qld&-
Finally, it is interesting to examine the evolution fined by the size difference between large and smallNiO
of the distortion of the Ni@ octahedra across the octahedra progressively increases to a maximum value,
transition, defining the distortion parameterA;  about 60—80 K belowT,, , and then suddenly vanishes at
=(1/6)% h=1 d (dn-(d))/(d)]? (Table IV). At room tempera- Ty, in the four compounds. An unexpected expansion of the
ture, the distortion parameters fall within the interval b unit-cell parameter is observed across the transition, oppo-
0.8—1.7x 10 “. Notice that in the four compounds this static site to the sudden contraction experienceditandc param-
distortion is one order of magnitude bigger than in the insu-eters. This is the result of an extremely anisotropic rearrange-
lating phase withR=Sm (A4~1.6x10°) (Ref. 12 and ment of Ni-O bond distances in the basah plane, not
two orders bigger than faR=Pr (Ag=~1.4x10 6).° Thisis  observed in the former members of tRNiO; series R
indicative of a systematic increase of the deformation going=Pr, Nd, Sm--). Further work is necessary to give a com-
to smaller rare-earth cations. On the other hand the deformaolete electronic picture of the origin of the observed anisot-
tion is very small compared to the expected value for a JTropy.
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