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The magnetic susceptibility of Y,BaNiOs has been measured in the range 4.2-800 K. The broad
maximum in the x vs T plot centered at 420 K is indicative of the existence of low-dimensional
antiferromagnetic ordering along the chains of vertex sharing (NiOg) octahedra in the a-axis of the
structure. The data have been fitted by using the 1D Heisenberg model and the value of the exchange
constant J is —322 K. Doped Y,BaNi,.,Zn O, oxides have also been prepared and the Y,BaNiOs
structure changes, giving rise to the Sm,BaCuQjs structure type, characterized by the existence of
isolated pyramids (CuQs), for x values as small as 0.13. Electron microscopy and diffraction studies
reveal the existence of a well-ordered microstructure with the Zn and Ni atoms randomly distrib-

uted. © 1991 Academic Press, Inc.

Introduction

The oxide Y,BaNiO;s recently character-
ized by single crystal X-ray diffraction (I,
2) adopts the Nd,BaNiQO; structure type (3),
space group Immmj it is built up by isolated
chains of corner-sharing flattened octahe-
dra, running parallel to the c-axis. Further
studies confirmed the same structure for the
different R,BaNiQO; oxides with R from Nd
to Tm (3, 4). In the case of the smallest
trivalent rare earth cations, Yb** and Lu?~,
the corresponding oxides are isostructural
4, 5), showing the Sm,BaCuO; structure
type (5, 6), space group Pbnm, where the
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lanthanoid ions are 7-coordinated by oxygen
atoms in a monocapped trigonal prism,
while the Cu?* ions are 5-coordinated, form-
ing isolated distorted square pyramids
(CuOQs), and the Ba ions are surrounded by
11 oxygen ions in a tricapped distorted
square prism. The lanthanoid polyhedra
(YO,) form units of (Y,0;,) chains, which
are connected by the Cu polyhedra using an
edge and a triangular face for the different
chains.

Evidence of low-dimensional antiferro-
magnetic ordering has been reported for
Y,BaNiOs (I, 7). This behavior was ex-
plained by the existence of strong superex-
change Ni—O-Ni at 180° interactions along
the chains of flattened (NiOg) octahedra. In
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order to break down the observed one-di-
mensional antiferromagnetic ordering for
the Y,BaNiQ;, substituted Y,BaNi,_,Zn,
O; oxides were prepared.

We report in this work results on the
Y,BaNi,_,Zn,Os system studied by X-ray
powder diffraction, electron microscopy,
and magnetic susceptibility measurements.

Experimental

Powder samples of Y,BaNiOs and doped
phases Y,BaNi,_.Zn Os; were prepared
from stoichiometric mixtures of high purity
Y,0; (99.99%), NiO (99.99%), and BaCO;
(A.R.) and ZnO (A.R.). The ground pow-
ders were heated in air at 1200°C for 48 hr
with several interruptions for regrinding.

X-ray data were obtained in a Siemens
K810 powder diffractometer using CuKa ra-
diation and a D-501 goniometer provided
with a secondary graphite monochromator.
The data were analyzed by using the Riet-
veld refinement method (8).

Specimens (dispersed on holey carbon
films on Cu grids) were studied by electron
microscopy/diffraction in a JEOL 2000-FX
instrument, fitted with an AN 10000 LYNK
and a double tilt range +45° to explore the
reciprocal space, and in a JEOL 4000 EX
for high-resolution imaging.

Magnetic susceptibility measurements
were performed in the temperature range
4-800 K by the Faraday method. The maxi-
mum field was 14 kG and HdH/dz = 24
kG?cm~'. The data were corrected for ionic
diamagnetism using the values of —16 X
107% emu mole~! for 0%, —31 x 107° for
Ba?*, and —12 x107° for Ni** and Zn**
).

Results and Discussion

Unit cell parameters of the Y,BaNiO;
sample using the Rietveld refinement
method are a = 3.7398(1) A, b = 5.7594(2)
A, c = 11.3294(4) A, and V = 245.33(4) A3,
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FiG. 1. Unit cell parameters versus composition for
the different Y,BaNi,_,Zn,O; samples.

in good agreement with the previous single-
crystal data reported earlier (/).

In order to study the influence of the sub-
stitution of Ni by the diamagnetic Zn on the
structural and magnetic properties, different
substituted samples with nominal composi-
tion Y,BaNi, _,Zn Os, x = 0.10, 0.15, 0.25,
0.50, and 1, have been synthetized. X-ray
diffraction data revealed that for x values as
small as 0.15 a structural change takes place
and the obtained phase shows the Sm,Ba
CuOjs structure type (5, 6).

Figure 1 shows the expected tendency for
the unit cell axes and volume to increase
with increasing x in Y,BaNi,_,Zn,O; due to
the ionic sizes (Ni2* = 0.61 A and Zn?*
= 0.68 A both in 5-coordination (/1)). The
linear relationship between both magnitudes
suggests the existence of a homogeneous
solid solution in the composition range 0.15
=x=1.

The X-ray diffraction pattern of the sam-
ple of nominal composition Y,BaNig,
Zny O, Fig. 2, shows the presence of a
majority phase, Y,BaNi,_,Zn, Oy, with the
Y,BaZnOs structure type and some of the
higher intensity reflections of the Y,BaNiQO;
oxide. The lattice parameters of the former
have been calculated by fitting the pattern
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FiG. 2. X-ray diffraction pattern for the sample of nominal composition Y,BaNijyZn,;05. Points

1 a0

represent the experimentai data and the solid line is the caiculated profile. A difference curve is piotied
at the bottom of the pattern. The first and the second series of Bragg reflection markers correspond to
the crystal structures of Y,BaNi,gZng 305 and Y,BaNiOs, respectively.

with the Rietveld method, Fig. 2, and the

obtained lattice parameters are a
=7.0262(4) A, b = 12.2791(6) A, and ¢ =

5.6884(3) A. The extrapolation of these lat-
tice constants shown in the straight lines in
Fig. 1 yields an average value of x for the
unknown Y,BaNi,_,Zn,O; oxide of 0.13
which permits us to suggest that the iower
solid solution limit for these mixed oxides
corresponds to that for the sample with
nominal composition Y,BaNij ¢,Zn, ;;05.
In order to study the microstructure of
this solid solution, samples with different
proportions of Zn have been analyzed by

conventional trangmission electron micros-
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copy, which is a more sensitive technique
to detect ordering-disordering structural

details. However, in all the samples, includ-
ing the Y,BaNi,Zn, 05, neither streaks
nor superlattice reflections can be seen in
the selected area diffraction patterns and
corresponding images.

Figure 3 shows two electron diffraction
patterns from the same crystal of the sample
with nominal composition Y,BaNiy;
Zn, sOs. Zone axes are indicated. The ab-
sence of extra reflections or weak scattering
indicates the nonexistence of long-/short-
range order between both types of ions. Fig-
ure 4b shows a high-resolution image at the
unit cell level from a crystal of the sample
with nominal composition Y,BaNij s

Zn, ,505, taken with the incident beam par-
allel to the short axis of the structure; see
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F1G. 3. Electron diffraction patterns from the same crystal of the sample with nominal composition

Y,BaNij sZn, ;0;5. Zone axes are indicated.

diffraction pattern in Fig. 4a. The contrast
is rather uniform, without any structural de-
fects, changing only with the crystal thick-
ness. These preliminary results suggest that
both ions Zn** and Ni** are distributed in a

random way in the solid solution with 0.13
=x=1.

On the other hand, Fig. S corresponds to
a high-resolution image (a) and diffraction
pattern (b) from a crystal of the pure

F1G. 4. (a) Electron diffraction pattern from a crystal of the sample Y,BaNij ;sZn, ,;05 along the [001]
orientation. (b) High-resolution lattice image of the same crystal along the c-axis (orientation is given

in (a)).
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FiG. 5. Lattice image (a) and corresponding diffraction pattern (b) from a crystal flake of the sample
Y,BaNiQs showing the uniform contrast typical of a well-ordered structure. Zone axis has been
indicated.

Y,BaNiQO;s phase; the zone axis is [100]. The
contrast observed in the micrograph is typi-
cal of a well-ordered structure. The traces
of (002) and (011) planes with 5.7 and 5.1 A,
respectively, have been marked on it.

The XEDS analysis confirms semiquanti-
tatively the nominal composition for the
studied Y,BaNi,_,Zn Oy samples.

Figure 6 shows the variation of the molar
magnetic susceptibility versus temperature
for Y,BaNiO;. The broad maximum cen-
tered at 420 K confirms the expected one-
dimensional behavior as a consequence of
the linear isolated chains of corner-sharing
(NiOg) octahedra mentioned earlier (/). The
experimental data have been corrected tak-
ing into account a small paramagnetic con-
tribution that was observed below 40 K and
using a Curie constant value of 0.059 emu -
mole~! - K.

Interactions between magnetic ions can
be described in terms of the spin Hamilto-
nian by

N
* = —2‘]2 (SFSF41
=1
+y($¥ST + SIS DL

where §¢, §7, and ST are the components of
the spin operator and J is the exchange con-
stant. The Heisenberg model is obtained
when y = 1, which corresponds to an iso-
tropic exchange interaction (/0). Although
there is no exact solution for the susceptibil-
ity for such a system, we have used the
expression based on the numerical results
given by Weng (11) for linear chains with §
= 1, which takes the form

x\J
Ng*p?

__ 2x+0.0302x% + 0.8997x°
3 + 5.4452x + 2747727 + 6.9038x"

where x = |J|/KT. Assuming that J and g
can vary, the best agreement between theo-
retical and experimental data is obtained for
g = 2.60and J/Ky = —322 K. The solid line
in Fig. 6 is the fitted curve. The agreement
criterion using R for the theoretical curve
has been defined as the sum of the squares
of the relative deviation, and the R value
obtained is 8.44 x 1073, The validity of the
Heisenberg model appears to be justified be-
cause both theoretical and experimental
susceptibility data take a finite value when
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FiG. 6. Temperature dependence of the molar magnetic susceptibility for Y,BaNiO;. The solid line
represents the calculated magnetic susceptibility by using Weng’s equation and open circles represent

the experimental data.

the temperature approaches zero. How-
ever, the fully anisotropic Ising model (/2),
derived from the same Hamiltonian given
above, taking y = 0, does not describe our
system because in the low-temperature
range the susceptibility approaches zero.
Although the obtained g value is much larger
than expected for Ni’>*in an octahedral envi-
ronment (/3) this could be due to the strong
distortion found in the (NiOg) octahedra that
is likely to be important in our case but can
be neglected as a first approximation.
Neutron diffraction studies (/4) down to
1.5 K do not reveal the existence of long-
range antiferromagnetic ordering which
confirms our statement about the one-di-

mensional behavior of the
Y,BaNiO;.

Figure 7 shows the temperature depen-
dence of the molar magnetic susceptibility
of the sample with nominal composition
Y,BaNi, ;5Zn, ,505. It can be observed that
the susceptibility follows a Curie-Weiss law
between 300 and 50 K and the calculated
magnetic moment, 3.0 BM, agrees with that
expected for isolated Ni** ions. Below 50 K
the susceptibility increases and at 10 K it
remains almost constant, which is indicative
that at these low temperatures antiferromag-
netic interactions between Ni** ions are op-
erative. This effect is even more clearly vis-
ualized when x x T vs T is plotted, Fig. 7

magretic
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F16. 7. Temperature dependence of the molar magnetic susceptibility for Y,BaNig ,sZn, ,;05. The x X

T vs T plot is shown in the inset.

inset; a marked decrease in the x X T value
with decreasing temperature can be ob-
served, reaching a rather small value of only
0.15 emu - K - mole™! at 4.2 K. Similar
results have been reported for the isostruct-
ural Y,BaCuO;s (15, 16), although the Néel
temperature, 28 K, is higher than the value
obtained for these doped phases. The low
temperature at which the three-dimensional
magnetic interactions are acting is not sur-
prising since the possible superexchange
pathways will be of the form Ni-O-Y
(Ba)-O-Ni with angles very different from
180°, giving rise to weak interactions. In ad-
dition, the random substitution of Ni by Zn,
as, for example, in the sample Y,BaNi; 5
Zng ,s0s, Fig. 7, obviously diminishes these
interactions, lowering the Néel temper-
ature.

Neutron diffraction studies are now in
progress in order to determine the magnetic
structure and the Néel temperature of these
doped oxides.
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