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The Nitt/Ni2* mixed-valent nickelates received much attention Table 1. Crystallographic Data for LazNizOg @
due to the same (8t8cP) electronic configuration of Ni/Ni%* as Wyckoff 102U
that of C#*/CuW*" in the high-temperature superconductors. The  atom position X z A occ.
common structural feature of the superconduct'ing cuprates is the | 51 2b 0 05 0.50(3) 1
presence of Cuglayers formed from corner-sharing square planar  La2 4e 0 0.3170(1) 0.72(2) 1
CuQ,, square pyramidal Cufor octahedral Cugunits. In all these Ni 4e 0 0.0826(1) 0.69(1) 1
environments, Ctr (d®) is in a low-spin configuration, while a o1 4d 0 5 0.25 1.04(3) 1
T . . 02 8g 0 5 0.0838(1) 0.97(2) 1
square-planar coordination of oxygen atoms is needed to fof¢e Ni
in the low-spin configuratioh. Therefore N#*/Ni2* compounds aSpace group:l4/mmm(No. 139);a = 3.9686(1) A,c = 19.3154(6)
containing NiQ infinite layers are of special interest. A; 42 = 2.3%,wRp= 3.2%,Rp= 1.3%.
The only known examples of such nickelates are RN&d
R:sNizOg (R = La, Nd, and Prf.® These phases, except NdNjO 7
were synthesized by hydrogen reduction of the parent perovskite
LaNiO3z or n = 3 RuddlesdenPopper (RP) LiNizO;o phases at
low temperature. Numerous attempts to prepareNi:®s in a
similar way were unsuccessful, leading tosN&Og 4 as the most
reduced phas&’® Recently, metal hydrides were introduced as
powerful low-temperature agents for topotactic oxygen deinterca-
lation>° In this communication, we report the low-temperature
synthesis and structure of a newNINi2" nickelate, LgNi,Os,
with infinite NiO, layers. Moreover, the phase crystallizes in a st R T W
unique double "Ftype structure, which has not been observed ao‘-‘T\‘I\II\I‘I\‘I\I\H‘II‘\H I RRBR D R LU "
earlier. Ve | | |
LagNi,Og was prepared by the reaction ofNa,O7 with calcium ' ‘ ' ' : : . :
hydride (CaH) at 350°C in a sealed Pyrex ampule for 4 dﬁy& At 0_'50 0.175 1_'00 1_'25 1.'50 1_'75 2_60 2_'25 2 50
higher temperatures (above 3%5), a complete decomposition to d (&)
La,05; and Ni metal was observed. Thus, the reduced nickelate phase
is metastable with respect to reduction to elemental nickel. Most Figure 1. Rietveld refinement profiles for the PND data of \NayOs:
of the CaO formed as a byproduct during the reaction was removed observed intensities (crosses), calculated pattern (solid line), difference curve
by washing in a 0.1 M solution of N}&! in degassed methanol ~ (Pottom solid line), and Bragg positions (tick marks).
under argon. After being filtered, the black #\d,0¢ was dried ) ) )
under vacuum. The X-ray diffraction pattern of the reduced the sample container were observed in the PND pattern. The atomic
nickelate can be indexed in the tetragonal system with lattice coordinates of LeNizOs.4 (space groug4/mmm?® were used as
constants of ~ 3.968 A andc ~ 19.32 A. It should be noted that  the starting model of the Rietveld refinementghaOs 4 is the most
this is the shortest-parameter in LgNi,O;_y nickelates; for reducec_jn =2RP Ianthanum_ nickelate known, and the oxygen
comparisong ~ 20.52 A for LaNi,O; and 20.06 A for LaNi,Op 47 vacancies are located solely in the Lalanes between two of
The crystal structure of Lli,Os was solved by the analysis of the NiG; layers. This refim_ament conver_ged wi_th_ bad fit parameters
the powder neutron diffraction (PND) data collected at 300 K on %° = 12.7. An attempt to introduce cation splitting due to oxygen
the NPDF time-of-flight diffractometer at the Lujan Jr. Neutron vacancie¥ did not result in significant improvement of the profile
Science Center of the Los Alamos National Laboratory. Rietveld fitting: x*= 10.6. A good fit of the patterryt = 2.3) was achieved
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refinement? of the PND data was performed with the GSAS only when the oxygen atom in the “rock salt” part of the structure
program. CaO and vanadium were added into the refinement sinceWas shifted into the position typical for the “fluorite” arrangement.
the peaks of-10% of unwashed CaO andl% of vanadium from It should be noted that a structural transformation of a rock salt

block to a fluorite arrangement is known for 1@uQO, (Ln =
# Department of Chemistry, Rutgers. lanthanides) sa T t_o_ T tran3|t|9n, where a stable structura}I type
IDepartment of Materials Science and Engineering, University of Tennessee. depends on a specific lanthanide element. The occupancies of the
Department of Physics, Rutgers. | Oxygen atom sites in the Niayers and in the fluorite block were

§ Department of Physics, University of Tennessee, and Oak Ridge National . . LF T o
Laboratory. set to unity since no statistically significant deviations were found
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Figure 3. X-ray absorption spectra for kHi,Os and for standards.

Figure 2. Structure models of L#i»O7 and LaNi>Og with denoted layers

and structural blocks: P, perovskite; RS, rock salt; IL, infinite layer; F, particular, develops a dramatically down-shifted shoulder, in the
fluorite. 0—5 eV range, which is similar to the XAS shoulder, which
develops with increasing €t admixture in the cupraté4.®In

the cuprates with structures where there has been apical O removal,
such a strong low-energy feature is associated withstgtes along
the missing O direction with'd and d°L character (where the L
denotes an O ligand hole). By analogy, this Ni K-feature is
associated with 4pd' and d°L states directed along the missing
O sites in this O-deficient compound. Thus the Ni K-XAS results
support both the expected Ni admixture and the missing O

by the refinement. The refined structural data fogNiaOs and

goodness of fit parameters are listed in Table 1, and the experi-

mental, calculated, and difference profiles are shown in Figure 1.
The structure of LgNi,Og can be obtained by complete removal

of the oxygen atoms from the LaO layers in the perovskite blocks

of LagNi»O; and rearrangement of oxygen atoms in (Laipcks.

A similar type of transformation was observed by Lacorre during

the preparation of LiNisOg (Ln = La, Nd, Pr)? Such structural
transformation leads to exclusively square-planar nickel coordina-
tion and to the appearance of infinite Niflanes. Thus, the crystal
structure of LgNi,Og can be described as intergrowth of fluorite
(La/Oy/La) blocks and double infinite layer (La/NiRa/NiO,/La)
blocks. Figure 2 shows the structural relationship between the
LagNi,Os and LaNi,O; RP phase.

Interestingly, all the known Ni/Ni2" compounds with infinite
NiO, layers, namely, RNi@ LagNi»Os, and RNizOs (R = La,
Nd, Pr), can be considered as &-tJpe homologous series
LNnn+1NinOany2. All these phases were prepared by “soft chemistry”

methods, which emphasize the importance of synthesis in the design

of inorganic materials. LiNi,Og is then = 2 member of this series
with a crystal structure, which was not reported before.

Apparently, the JahnTeller distortion of the Nit (d°) coordina-
tion environment, preference for theNi(d®) cation for square-
planar coordination, and the increasing average ionic radii of the
Ni cations during the reduction are driving the T t6 Sfructure
transformation during the preparation of the= 2 and 3 members
of this series. The reductive structural transformation is reversible,
and slow oxidation of LgNi»Og in air at room temperatures results
in the LgNi,O;—x RP phase.

To confirm the systematic evolution of the Ni oxidation states
in lanthanum nickelates, Ni K-edge X-ray absorption spectroscopy
(XAS) measurements (see Figure 3) were performed at X19-A at
the Brookhaven National Synchrotron Light Source. The Ni K-edge
can be seen to exhibit a systematic chemical shift down in energy,
with increasing O deficiency in the kMi,O;_x materials, clearly
confirming the decreasing Ni valence. ThesN&Og spectrum, in

coordination as demanded by the structure determination.
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