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Magnetic properties of a quaternary oxide Ba,NdRu,0, are
reported. This compound adopts the 6H-perovskite structure
with space group P6;/mmc, in which the cation sites within the
face-sharing octahedra are occupied by ruthenium ions and those
within the corner-sharing octahedra are occupied by neodymium
ions. Powder neutron diffraction, powder X-ray diffraction, mag-
netic susceptibility, magnetization, and specific heat measure-
ments were carried out. It was found that the crystal phase
transition and magnetic transition occurred at ca. 120K and
24K, respectively. The crystal structure below 120K is mon-
oclinic with space group C 2/c. Neutron diffraction data collected
at 10K show that Ba;NdRu,0, has a long-range ferromagnetic
ordering of Nd** ions. The ordered magnetic moment of Nd**
ions is 1.65(8) ug. The direction of ordered moments is parallel to
the c-axis. © 2001 Academic Press

1. INTRODUCTION

It is well known that perovskite and perovskite-like ox-
ides containing ruthenium ions often exhibit interesting
magnetic and electrical properties (1, 2). The perovskite-type
oxides have the general formula 4BO3, in which A repres-
ents a large transition metal ion and B represents a small
one. The B site can accommodate two kinds of metal ions
and the general formula of such a compound is given as
A,BB'Og¢. Recently, the crystal structures and magnetic
properties of a series of ordered perovskites A,LnRuOg
(A = Sr or Ba; Ln = lanthanide elements) in which the Ln
and Ruions regularly order have been investigated. Battle et
al. reported that Sr,ErRuQyg exhibited an antiferromagnetic
transition involving both Ru®* and Er** ions at ca. 40K,
and its magnetic structure was determined by the neutron
diffraction measurements (3). We have measured magnetic
susceptibilities of Sr, LnRuOg (Ln=Eu-Lu) and found that

they show very unique and complex magnetic behavior
below ca. 40K (4). In these compounds, most of the mag-
netic transitions may be due to the magnetic interaction
between the Ru®* ([Kr]4d® electronic structure; [Kr] =
krypton core) and Ln®* ([Xe]4f" electronic structure;
[Xe]=xenon core) ions, which is via a superexchange path-
way of Ru-O-Ln (the angle is ca. 180°).

We turn our attention to the magnetic properties of the
ruthenium-based oxides with the 6H-BaTiO;-type structure
(5), which have the general formula Ba;MRu,0O4 (M = 3d
transition metals, lanthanide elements, etc.). In many cases,
these compounds have a hexagonal unit cell. Two kinds of
B site ions, Ru and M, occupy the face-sharing octahedral
sites (Ru, 04 dimer) and the corner-sharing octahedral ones
(MOg octahedron), respectively. The superexchange path-
ways predicted in this structure are Ru—~O-Ru (the interac-
tion in the intra dimer; the angle is ca. 90°) and Ru-O-M
(the angle is ca. 180°). The magnetic coupling between Ru
ions in the dimer is usually antiferromagnetic and it is
strong. Previously, Darriet et al. reported that the temper-
ature dependence of magnetic susceptibilities of
Bas;M?*Ru3" Oy (M = Mg, Ca, Cd, and Sr) is characteristic
of the antiferromagnet, i.e., a broad maximum appears in
the susceptibility vs temperature curve at 400-500 K (6).
This behavior is explained by the antiferromagnetic
Ru’ "-Ru’" coupling in the isolated Ru,O4 dimer (6, 7). If
the M>" ions are magnetic, another magnetic interaction
should operate between Ru®* and M?* ions and the long-
range magnetic ordering may be observed. In fact,
Ba;NiRu,0, and Ba;CoRu,0, show antiferromagnetic
transitions (8), and their magnetic structures have been
determined by powder neutron diffraction measurements (9).

In the case that the M ions are lanthanide ones, further
interesting magnetic behavior due to the interaction be-
tween d and f electrons may be observed. Thumm et al.
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reported that Bas;LnRu,0, (Ln=7Y, La, Nd, Sm-Gd,
Dy-YDb) adopted a 6H-BaTiO;-type structure (10, 11). Rath
and Miiller-Buschbaum measured the magnetic susceptibil-
ity of Ba;LnRu,04 (Ln = Gd and Yb) over the temperature
range 77-650 K (12), and it shows Curie-Weiss-like behav-
ior. It has been reported that most of the ordered perov-
skites A,LnRuO¢ show antiferromagnetic transitions at
25-45 K and that the Ru-O-Ln pathway (the angle is ca.
180°) is responsible for the magnetic interactions (3, 4, 13).
Therefore, we can expect to observe magnetic cooperative
phenomena due to the interaction between d and f'electrons
in the Ba;LnRu,04 compounds at sufficiently low temper-
atures.

In this paper, we have focused our attention on a com-
pound Ba;NdRu,0,, and performed its magnetic sus-
ceptibility, magnetization, and specific heat measurements
in the temperature range 1.8-300 K, and its neutron diffrac-
tion measurements at 10, 60 and 180K and room temper-
ature. Their results will be discussed here.

2. EXPERIMENTAL
2.1. Sample Preparation

A polycrystalline sample of Ba;NdRu,04 was prepared
by the conventional solid-state reaction. As starting mater-
ials, BaCO;, RuO,, and Nd,O; were used. Before use,
Nd,O; was dried in air at 900°C for a day. The samples
were weighed in an appropriate metal ratio and well mixed
in an agate mortar. The mixtures were pressed into pellets
and then calcined at 900°C for 12 h. The calcined materials
were fired in air at 1200°C for 12 x 2 h and at 1300°C for
12 x 5 h with several interval grindings and pelletings. The
heating rate was 100°C/h. The progress of the reaction was
monitored by powder X-ray diffraction (XRD) measure-
ments.

A diamagnetic Ba;SrNb,Og, which is isomorphous with
Ba;NdRu,0O,, was also prepared. As will be described later,
this compound is needed to estimate the lattice contribution
of the specific heat to the total specific heat of
Ba;NdRu,0,. As starting materials, BaCO;, SrCO3, and
Nb (metal) were used. The stoichiometric mixtures were
calcined in air, first at 950°C for 12 x 2 h and then at 1350°C
for 48 h, and finally, were heated at 1300°C for 48 h in a flow
of helium gas. The XRD measurements showed that
Ba;SrNb,O, was formed as a single phase and that its
crystal structure agreed with a previous report (14).

2.2. X-Ray and Neutron Diffraction Measurements

The powder X-ray diffraction profile at room temper-
ature was measured in the range 10° < 20 < 120° using a 20
step size of 0.02° with CuKa radiation on a Rigaku Multi-
Flex diffractometer. The XRD measurements at 13-200 K
were carried out using a Rigaku RINT2200 diffractometer.
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A sample was cooled by a variable temperature cryostat
system, CryoMini (Iwatani Industrial Gases Co.).

Powder neutron diffraction measurements were per-
formed at 10, 60, 180, and 300K using a high-resolution
powder diffractometer (HRPD) (15) at the JRR3-M reactor
(Japan Atomic Energy Research Institute), with a Ge(331)
monochromator (4 = 1.82268 A). The collimators used were
6'-20'-6" and were placed before and after the mono-
chromator, and between the sample and each detector. The
set of 64 detectors and collimators, which were placed every
2.5°, rotates around the sample. Crystal and magnetic struc-
tures were determined by the Rietveld technique, using the
program RIETAN2000 (16).

2.3. Magnetic and Thermal Measurements

The magnetic measurements were carried out using
a SQUID magnetometer (Quantum Design, MPMS-5S).
The temperature dependence of the magnetic susceptibilities
was measured under both zero-field-cooled (ZFC) and
field-cooled (FC) conditions in an applied field of 0.1 T over
the temperature range 1.8-400 K. The magnetization
measurements were performed at 2, 10, 21, and 25K over
the magnetic field 0 < H <5T.

The remanent magnetization measurements were also
performed. The sample was cooled to 5K in a zero field. The
magnetic field was applied up to 5 T and then reduced to
zero, and the magnetization measurements were performed
in the temperature range from 5 to 30 K.

Specific heat measurements were performed using a relax-
ation technique with a commercial heat capacity measure-
ment system (Quantum Design, PPMS model) in the
temperature range 1.8-300K. The sintered sample in the
form of a pellet was mounted on a thin alumina plate with
grease for better thermal contact.

3. RESULTS AND DISCUSSION
3.1. Crystal Structure of BasNdRu,0q

3.1.1. Crystal structure at room temperature. Both the
X-ray and the neutron diffraction data indicate that
Ba3;NdRu,Oy is formed as a single phase and have a hexag-
onal symmetry at room temperature. The neutron diffrac-
tion profile measured at room temperature is shown in
Fig. 1a. The data have been quantitatively analyzed by the
Rietveld method in order to refine the crystal structure of
this compound. The results show that the crystal structure
of Baz;NdRu,Oy is the 6H-perovskite structure with space
group P6s/mmc (No. 194). The crystal structure of
Ba;NdRu,O, is illustrated in Fig. 2. The structural para-
meters are summarized in Table 1. This structure is the same
as those of the analogous compounds Ba;LnRu,0,
(Ln =Y, Gd, and Yb (12); Sm, Dy, and Er (17)). The unit cell

o

parameters, ay., and cpee, are 5.9319(1) and 14.7589(3) A,
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FIG. 1. Powder neutron diffraction profiles for Ba;NdRu,0,. The
calculated and observed diffraction profiles are shown with the top solid
line and cross markers, respectively. The vertical marks in the middle show
positions calculated from the nuclear reflections. In (d), the lower vertical
marks show the magnetic reflection positions. The bottom trace is a plot of
the difference between calculated and observed intensities.

respectively, which agree with the lattice parameters re-
ported previously (11). The cation sites within the face-
sharing octahedra of this structure are occupied by ruthe-
nium ions and those within the corner-sharing octahedra
are occupied by neodymium ions. No evidence of the occur-
rence of the cation disorder or oxygen defect has been
found.

Some selected bond lengths and angles are listed in Table
2. In this structure, the NdOg octahedra have six equal
Nd-O bond lengths and are regular in shape. In contrast,
the RuOg octahedra in the Ru,04 dimer are not regular.
The Ru-O(1) bond lengths (O(1) atoms are on the shared-
face in the Ru,0,4 dimer) are longer than the Ru-O(2) bond
lengths (O(2) atoms are on the top or bottom face of the
Ru,04 dimer). The average Ru-O lengths are 1.979(2) A,
and this value is in the middle between 1.997 A in the
Rui* O, dimer of BasCeRu,0, (17) and 1.965A in the
Ru3 " O, dimer of Ba;MRu,04 (M = Zn and Ni) (9). This
fact indicates that the average valency of ruthenium ions

Ru,Og dimer

NdOg octahedron

FIG. 2. The crystal structure of Ba;NdRu,0, at room temperature.

is + 4.5, as is expected from the trivalent oxidation state
of neodymium ions and the stoichiometry in the oxygen
content.

3.1.2. Crystal structure at low temperatures. Neutron
diffraction measurements were performed at 10, 60, and
180 K to check whether the crystal phase transition occur-
red or not, and to determine the crystal structures at low
temperatures. Their diffraction profiles are shown in Fig. 1,
and the results were analyzed by the Rietveld method. The
crystal structure at 180K is the same as that at room
temperature (space group P6;/mmc) (see Table 1). The dif-
fraction data collected at 10 and 60K indicate that the
crystal structures at these temperatures have a lower sym-
metry than that at 180 K. Initially, we attempted to analyze
these profiles by assuming a structure model in which the
crystal symmetry is orthorhombic with space group Cmcm
(aortho X Anexs borlho ~ \/gbhem Cortho ~ Chex) which is the same
as that for BazCoRu,O9 at 2K (9, 18). However, this as-
sumption gave an unsatisfactory result. Therefore, we have
lowered the symmetry of the crystal structure model from
orthorhombic to monoclinic. It has been found that the
analysis using a structure model which has a monoclinic
symmetry with space group C2/c (No. 15) gives a good
agreement with experimental data. The crystal structure of
Ba3;NdRu,0Oy at 60K is illustrated in Fig. 3. The unit
cell parameters (@mono, Pmonos Cmono, aNA Pmono) at 60 K
are 5.9173(3), 10.2425(5), 14.7663(9) A, and 90.819(2)°,
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TABLE 1
Structural Parameters for Ba;NdRu,0, (Hexagonal Phase)
Atom Site X y z B/A2
Space group: P63/mmc (No. 194);, z =2
Room temperature .
a=59319(1) A, ¢ = 14.7589(3) A, V = 449.75(2) A3
R, = 7.65%, Ry = 2.64%, Rp = 1.69%, R, = 5.82%
Ba(1) 2b 0 0 1 0.34(7)
Ba(2) 4 1 2 0.8994(2)  0.86(5)
Nd 2a 0 0 0 0.10(5)
Ru 4 1 2 0.1645(1)  0.63(3)
o(1) 6h 0.4885(2)  0.9769 1 0.70(3)
0(2) 12k 0.1779(2) 03557  0.4084(1)  1.04(3)
180K
a=5924502) A, ¢ = 14.7643(6) A, V = 448.79(3) A3
R, = 11.58%, R, = 3.80%, Ry = 2.41%, R. = 9.58%

Ba(1) 2b 0 0 1 0.42(11)
Ba(2) 4f 1 2 0.8998(3)  0.48(8)
Nd 2a 0 0 0 0.31(7)
Ru 4f 1 2 0.16452)  041(5)
o(1) 6h 04881(3)  0.9762 1 0.51(6)
0(2) 12k 0.1787(2) 03573 04078(1)  0.73(5)

Note. Definitions of reliability factors R,,,, R;, R, and R, are given as
follows:

Ryp = [ WUEI=IF?/ X wIF P12, Ry =Y Tk — Tiel/ Y. Loy

Ry =1 1i® = LY Lia®s Re= [N = p)/ 2 wiy]"2

respectively. The structural parameters are summarized in
Table 3, and the bond lengths and angles are listed in Table 4.

The neutron diffraction profile at 10K indicates that
there exist some magnetic reflection peaks due to a fer-
romagnetic ordering of Nd** ions, as will be described later.
The crystal and magnetic structures at 10K have been
determined by the Rietveld method. The crystal structure at
10K has the same symmetry as that at 60 K. The magnetic
structure will be discussed in Section 3.2.3.

TABLE 2
Selected Bond Lengths (A) and Angles (°) for Ba,NdRu,O,
(Hexagonal Phase)

Room temperature 180 K
Nd-O(2) x6 2.273(1) 2.284(2)
Ru-O(1) %3 2.033(2) 2.029(3)
-0(2) x3 1.926(2) 1.912(3)
Ru-O (average) 1.979(2) 1.971(3)
Ru-Ru 2.524(4) 2.525(6)
Ru-0O(2)-Nd 177.5(1) 177.3(1)
Ru-O(1)-Ru 76.8(1) 77.0(2)
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FIG. 3. The crystal structure of Ba;NdRu,04 at 60 K.

Powder X-ray diffraction measurements were also per-
formed in the temperature range of 13 to 200 K. The diffrac-
tion profiles collected at 13-110K are indexed in
a monoclinic unit cell (C2/c), and those collected at
130-200 K are indexed in a hexagonal unit cell (P63/mmc).
Therefore, it is considered that the structural phase
transition occurs around 120 K.

3.2. Magnetic Properties of BasNdRu>0¢

3.2.1. Magnetization measurements. The temperature de-
pendence of the magnetic susceptibility (M/H) of
Ba;NdRu,Oy is plotted in Fig. 4. The magnetic susceptibil-
ity shows a rapid increase when the temperature is de-
creased through 24 K, and the large divergence between the
ZFC and FC susceptibilities is found below this temper-
ature. These results indicate that a ferromagnetic or a fer-
rimagnetic transition has occurred at 24 K. We have already
prepared analogous compounds Ba3;LnRu,O (Ln =Y, La,
Lu) in which only Ru ions are magnetic, and we have
measured their magnetic susceptibilities (19). They show
antiferromagnetic transitions below 15K. Hence, the Nd
ions should contribute to the magnetic transition of
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TABLE 3
Structural Parameters for Ba;NdRu,0, (Monoclinic Phase)

Atom Site X y z B/A2

space group: C2/c (No. 15); z =4

60K
a=59173(3) A, b = 10.2425(5) A, ¢ = 14.7663(9) A
B =90.819(2)°, V = 894.86(8) A>
R,, =1173%, R, = 3.48%, R, = 1.94%, R, = 9.61%
Ba(1) 4e 0 — 0.0030(12) 1 0.10(7)
Ba(2) 8f 0.0038(9)  0.3313(8)  0.0989(3) 0.10(7)
Nd 4a 0 0 0 0.199)
Ru 8f  —0.0060(6) 03317(7)  0.8360(3) 0.31(7)
o(1) 4e 0 0.5147(9) 1 0.30(10)
0Q) 8f 0.2654(13)  0.2417(7)  0.2446(5) 0.40(10)
003) 8f 0.0188(12)  0.8210(6)  0.0926(4) 0.29(13)
o) 8f 0.2835(11)  0.0920(7)  0.0830(4) 0.57(11)
0(5) 8f 0.7536(12)  0.0891(6)  0.0988(4) 0.45(12)
10K
a=59138(3) A, b = 10.2352(4) A, ¢ = 14.7633(8) A
B =90.847(2)°, V = 893.51(7) A3
R, =10.00%, R, = 2.00%, R, = 1.16%, R_ = 7.09%

Ba(1) 4e 0 — 0.0031(10) 1 0.04(6)
Ba(2) 8f 0.0037(7)  0.3323(7)  0.0995(3) 0.04(6)
Nd 4a 0 0 0 0.20(7)
Ru 8f  —00075(5)  0.3326(6) 0.8353(2) 0.44(6)
o(1) 4e 0 0.5131(7) 1 0.20(8)
oQ) 8f 0.2625(11)  0.2426(6)  0.2440(4) 0.63(8)
0(3) 8f 0.0212(10)  0.8219(5)  0.0927(4) 0.25(11)
o) 8f 0.2829(9)  0.0913(6)  0.0828(4) 0.75(9)
0o(5) 8f 0.7506(10)  0.0906(6)  0.0975(4) 0.53(11)

Magnetic moment of Nd: 1.65(8) u,
Direction of moment: [001]

Ba3;NdRu,O4 observed at 24 K. The temperature depend-
ence of the inverse susceptibility (H/M) is shown in an inset
graph in Fig. 4. A linear relationship between the inverse
susceptibility vs temperature is observed above 120 K. Be-
low this temperature, the susceptibility deviates from this
relationship, which is due to the structural phase transition.
The higher temperature data (T > 200K) are fitted using
the Curie-Weiss law. The obtained effective magnetic mo-
ment and Weiss constant are 5.82(3) up and — 85(3)K
respectively.

The temperature dependence of the remanent magnetiz-
ation is plotted in Fig. 5. The remanent magnetization is
constant (ca. 1.05 ug) below 15 K and decreases with increas-
ing temperature between 15 and 24K and is zero above
24 K. The field dependence of the magnetization at 2, 10, 21,
and 25 K is shown in Fig. 6. Data collected below 21 K show
a hysteresis loop, which means that there exists a ferromag-
netic moment.

3.2.2. Specific heat measurements. Figure 7 shows the
variation of the specific heat for Ba;NdRu,Og as a function
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TABLE 4
Selected Bond Lengths (A) and Angles (°) for Ba;NdRu,O,
(Monoclinic Phase)

60 K 10K
Nd-O(3) x2 2.290(6) 2.282(5)
-04) x2 2.267(6) 2.260(6)
-0O(5) x2 2.269(6) 2.274(5)
Nd-O (average) 2.276(6) 2.272(5)
Ru-O(1) 2.023(9) 2.021(7)
-0(2) 2.014(8) 2.028(7)
-0(2) 2.042(8) 2.051(7)
-0(3) 1.888(8) 1.907(7)
-0(4) 1.931(7) 1.946(6)
-0O(5) 1.942(7) 1.926(6)
Ru-O (average) 1.973(8) 1.980(7)
Ru-Ru 2.542(8) 2.522(7)
Ru-O(3)-Nd x2 174.3(4) 173.7(3)
Ru-O(4)-Nd x2 174.3(4) 174.2(3)
Ru-O(5)-Nd x 2 169.4(4) 171.3(4)
Ru-O-Nd (average) 172.7(4) 173.1(3)
Ru-O(1)-Ru 77.9(4) 77.2(4)
Ru-O(2)-Ru x2 77.6(3) 76.4(3)
Ru-O-Ru (average) 77.7(4) 76.7(3)

of temperature. Two anomalies have been observed at 17
and 24 K. The A-type anomaly at 24 K corresponds to the
magnetic transition found in the magnetic susceptibility. No
anomaly corresponding to the structural phase transition at
ca. 120K has been found in this measurement.

The specific heat data for Ba;SrNb,Oy are also plotted in
Fig. 7. The crystal structure of this compound is analogous
to that of Ba3NdRu,Oy at room temperature (space group
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FIG. 4. Magnetic susceptibilities (M/H) of Ba;NdRu,0y. The filled
and open symbols show the ZFC and FC susceptibilities, respectively. The
applied field is 0.1 T. Inset shows the inverse susceptibility.
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FIG. 5. Temperature dependence of the remanent magnetization of
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P63/mmc), and it has no magnetic ions. If we assume that the
electronic and lattice contributions to the specific heat are
equal between BazNdRu,Oy and Ba3zSrNb,Og, the mag-
netic specific heat for BazNdRu»Oy is obtained by subtract-
ing the specific heat of Ba3SrNb,Oo from that of
Ba3Ndel209.

The temperature dependence of the magnetic specific heat
divided by temperature (Cy/T) and of the magnetic entropy

M/,

HI/T

FIG. 6. Field dependence of the magnetization of Ba;NdRu,O,.

FIG.7. Temperature dependences of the heat for

Ba;NdRu,04 and Ba;SrNb,O,.

specific

(Sm) is shown in Fig. 8. The magnetic entropy change (ASwm)
between 1.8 and 24 K is ca. 11.1 J/mol K. This value is the
sum of the entropy changes for two anomalies at 17 and
24 K. It seems that the entropy changes of these anomalies
are equal; in that case, each entropy change is very close to
RInW =RIn2 =5.76J/mol K (R is a molar gas constant).
Above 24 K, the entropy increases with temperature. This
may indicate the occurrence of a short-range magnetic or-
dering.

3.2.3. Magnetic structure at 10 K. As has been men-
tioned in Section 3.1.2, some magnetic reflection peaks are
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FIG. 8. The magnetic specific heat divided by temperature (Cy/T) and

magnetic entropy (Sy) of Ba;NdRu,0,.
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a

FIG. 9. The magnetic structure of Ba;NdRu,0, at 10 K. Diamagnetic
ions are omitted. The arrows indicate the direction of the magnetic
moments.

observed in the neutron diffraction data collected at 10K.
The positions of the magnetic diffraction lines are in accord-
ance with those of the nuclear ones. Our Rietveld analysis
determines the magnetic structure of BazNdRu,O9, which
is illustrated in Fig. 9. In this magnetic structure, the mag-
netic moments of Nd®** ions order ferromagnetically and
are aligned along the c-axis. The ordered magnetic moment
is 1.65(8) ug/Nd** ion. The ordered moments of Ru ions
have not been determined in this study and we will discuss
this in the following section.

3.2.4. Discussion on the magnetic properties of
BazNdRu,0¢. The results of the magnetization, specific
heat, and neutron diffraction measurements for
Ba3sNdRu,0Oy show that a ferromagnetic ordering of Nd*™*
ions occurs at 24 K. BazNdRu,Oy is considered to be non-
metallic because it shows the magnetic behavior of the
localized electrons and because the analogous compounds
BazMRu,04 (M = Fe, Co, Ni, Cu, and In) are semiconduc-
tors below room temperature (20). The neutron diffraction
data at 10K show that the crystal structure of
Ba3;NdRu,Oy is distorted monoclinically and that the mag-
netic structure is described by a ferromagnetic ordering of
Nd3** ions; the ordered magnetic moment is 1.65(8)
us/Nd?* ion and the direction of ordered moments is paral-
lel to the c-axis. The magnetic entropy change of the mag-
netic transition at 24K is close to R In 2. We predict that
this magnetic entropy is due to the ground Kramers’ doub-
let of Nd*™ ions.
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In contrast, the ordered moments of Ru ions have not
been determined from the present neutron diffraction data.
However, we believe that Ru ions are not in the paramag-
netic state at low temperatures. If the Ru ions are paramag-
netic down to 10K, the magnetic transition found at 24 K
should be due to only the ordering of Nd ions. We consider
that this transition temperature is exceptionally high, be-
cause it is known that the magnetic interaction between the
f electrons is generally very weak compared with that be-
tween the d electrons, and because the main pathway of the
magnetic exchange interaction between Nd ions is a long
superexchange pathway of Nd—O-O-Nd. The strong anti-
ferromagnetic coupling between Ru®* ions in the Ru,0y
dimer has been found in the analogous compounds such as
BazMRu,0y (M = Mg, Ca, Sr, and Cd) (6, 7), and the
magnetic susceptibility for Ba3YRu,Og does not obey the
Curie-Weiss law between 77 and 650K (12). Our prelimi-
nary susceptibility measurements show that magnetic mo-
ments of Ru ions in Ba;LnRu,Oy (Ln =Y, La, Lu) are
coupled antiferromagnetically in the Ru,Oo dimer (19).
Taking into account that the average valency of ruthenium
ions is + 4.5, there may exist Ru**Ru’®* Oy dimers. Each
dimer has a total spin Sqimer = 1/2. If the magnetic ordering
between dimers occurs at low temperatures, the entropy
change ASy = R In (2S4imer + 1) = R In 2 should be ob-
served. The entropy change for an anomaly at 17 K, which is
close to R In 2, may be due to the magnetic ordering of these
Ru,04 dimers. Our failure to detect the ordered moments of
Ru ions may be due to the short-range ordering and/or the
unsaturation of magnetic moments of Ru ions. In order to
clarify the magnetic properties of Ru$->* Oy dimers, further
studies on the other BazLnRu,0Os (Ln = lanthanides) are
needed.
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