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The crystal structures of double perovskite BaLaMRuO6

(M 5 Mg, Zn) obtained from the re5nements on both X-ray and
neutron di4raction data, di4erent from those reported previously
that used either X-ray or neutron di4raction data alone, are
reported. The room temperature X-ray and neutron data were
re5ned with a model in the tetragonal space group I4/m
(a 5 5.6230(4), c 5 7.964(1) As , V 5 251.81(4) As 3 for M 5 Mg;
a 5 5.6521(3), c 5 7.9987(9) As , V 5 255.53(3) As 3 for M 5 Zn).
The low-temperature neutron di4raction data of the two com-
pounds are also re5ned in the same space group (a 5 5.6156(4),
c 5 7.953(1) As , V 5 250.80(4) As 3 for M 5 Mg at 13 K; a 5
5.6418(4), c 5 7.981(1) As , V 5 254.03(4) As 3 for M 5 Zn at 10 K).
Both compounds show almost complete ordering of B-site atoms
(M/Ru). For both compounds, the low-temperature neutron dif-
fraction data below about 20 K showed magnetic di4raction
peaks that could be accounted for with a Type I antiferromag-
netic ordering of Ru spins in an atomically ordered double
perovskite structure. These compounds showed discrepancies be-
tween 5eld cooled and zero 5eld cooled magnetization data below
the antiferromagnetic ordering temperatures. ( 2000 Academic Press

Key Words: atomic ordering; antiferromagnetic ordering;
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INTRODUCTION

Double perovskites of the general formula A
2
(B, B@)O

6
have attracted continued interest in their synthesis and
physical properties, especially magnetism (1). For example,
Sr

2
FeMoO

6
was reported to exhibit magnetoresistance

properties (2) and a superlattice of LaCrO
3
}LaFeO

3
(La

2
CrFeO

6
) was reported to show high ¹

#
ferromagnetism

(3).
Double perovskites containing Ru5` have been studied

rather extensively (4}11). Especially, Battle and his col-
leagues have studied compounds for di!erent combinations
of A and B atoms, and found that the Ru}O}O}Ru
1To whom correspondence should be addressed. E-mail: ywkwon@
chem.skku.ac.kr.
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interactions generally have strong transfer integrals, b. The
magnetic properties of these materials strongly depend on
the strength of the transfer integral which, in turn, can be
in#uenced by the crystal structures (4}6).

Fernandez et al. reported on the synthesis and magnetic
properties of compounds of the general formula
BaLaMRuO

6
(M"Mg, Fe, Co, Ni, Zn) (11). They reported

that all of the compounds except M"Fe had superstruc-
tures with doubled unit cells in a cubic space group, Fm3m,
based on their X-ray di!raction data. However, using room-
temperature and low-temperature neutron di!raction
methods, Battle et al. reported that the M"Zn phase had
a monoclinic structure with disordered Zn/Ru atoms (4).

In order to resolve the discrepancy in the literature on the
BaLaZnRuO

6
compound, we have undertaken X-ray and

neutron di!raction studies on this compounds. Also, we
have studied the BaLaMgRuO

6
compound for comparison.

There are several reasons for us to choose the Mg com-
pound for this purpose. First, unlike the other M atoms in
the paper of Fernandez et al., there is no ambiguity of the
oxidation states on Mg2` and Zn2` eliminating possibility
of lower oxidation state of Ru than 5#. Second, Mg2` and
Zn2` ions have very close ionic sizes so the di!erence in
crystal structures of the two compounds would be minimal.
Third, the absence of any unpaired d electrons that may
interact with those of Ru can provide a clear view on the
magnetic interactions between the Ru ions in the structure.
We have employed both X-ray and neutron di!raction tech-
niques, which led us to di!erent crystal structures, in the
tetragonal I4/m space group, from those of the two papers
mentioned above, which used either one of the di!raction
techniques only. For these particular examples, simultaneous
application of both di!raction techniques crucially played
complementary roles in leading to the actual crystal structures.

EXPERIMENTAL

Stoichiometric amounts of BaCO
3
, La

2
O

3
, RuO

2
,

(MgCO
3
)
4
Mg(OH)

2
)5H

2
O, and ZnO were ground
3
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together, pressed into pellets, and reacted at 9003C for 12 h,
10003C for 40 h, and 11503C for 30 h. The "rst 9003C
reaction step was necessary to prevent any loss of the
volatile RuO

2
during the reactions. Intermittent grinding

and pelleting cycles were carried out to ensure the homo-
geneity of the samples.

Rietveld structural re"nements of the compounds are
performed on the powder X-ray and neutron di!raction
data. The room-temperature X-ray data were collected on
a Rigaku di!ractometer equipped with a monochromated
CuKa radiation, in the 2h range from 103 to 1203. The
conditions of 0.023 of step size and 7 s scan per step were
used for the data collections. The neutron di!raction data
were collected using the HRPD di!ractometer on the re-
search reactor HANARO at KAERI. Thermal neutrons
monochromated with a Ge(331) single crystal, j"1.8343 As
were used for the experiments. The data were collected in
the 2h range of 03 to 1603. A vanadium can was used as the
sample holder for the room-temperature data collections.
The low-temperature experiments were performed on
a sample contained in a vanadium can, which was, in turn,
encased in a He-"lled aluminum canister.

The FULLPROF program suite (12) was used for the
structural re"nements on both the X-ray and neutron data.
Six parameters of polynomial background parameters,
pseudo-Voigt type pro"le function with three parameters,
asymmetric peak shape function with four terms, and three
term anisotropic strain parameters were used in the re"ne-
ments. The sample holders used for the neutron di!raction
gave spurious peaks at 2h"50}513 and 76.2}76.83 regions
in the room temperature data and additional peaks at
13}143, 50}553, 76}813, 130.5}1323 in the low-temperature
data, which were excluded in the re"nements.
FIG. 1. Rietveld re"nement results on the room-temperature X-ra
Magnetic susceptibility data were obtained from a
SQUID (KBRI) at an applied "eld of 1000 G. Both "eld
cooling (FC) and zero "eld cooling (ZFC) data in the
5}300 K temperature range were recorded. For both experi-
ments, the sample was cooled to 5 K with (FC) or without
(ZFC) an applied "eld and the magnetization data were
recorded while warming up to room temperature.

RESULTS AND DISCUSSION

The room-temperature X-ray powder di!raction patterns
of our BaLaMRuO

6
(M"Mg and Zn) compounds could

be indexed in a cubic unit cell with doubled lattice para-
meters in agreement with Fernandez et al. (11). They dis-
cussed that the superstructures were due to the B-site
atomic orderings in their samples. Therefore, we have
initially re"ned our X-ray powder di!raction data in the
supposed Fm3m to get acceptable agreement factors
(R

1
"9.52%, R

81
"13.5%, R

B
"5.07% for M"Mg;

R
1
"9.03%, R

81
"12.9%, R

B
"5.33% for M"Zn com-

pounds). Also, the M/Ru occupancy factor re"nements
strongly suggest that the M/Ru atoms are ordered in both
phases. The intensities of (111) peaks at 2h"19.23 of the
X-ray di!raction patterns (Fig. 1) are particularly sensitive
to the degree of atomic orderings; the intensities calculated
for the random distribution models were close to zero.
However, the same structural model could not account for
the room-temperature neutron di!raction data. The peak
intensities of all odd hkl re#ections, such as (311), (531), and
(533), were calculated to be much weaker than the observed
while the other peaks could be well "tted.

Because neutron di!raction technique is more sensitive to
the parameters of oxygen atoms than X-ray, the relatively
y di!raction patterns of (a) BaLaMgRuO
6

and (b) BaLaZnRuO
6
.



TABLE 1
Results of the Rietveld Crystal Structure Re5nements of

BaLaMgRuO6 from the Simultaneous Re5nements of the X-
Ray and Neutron Di4raction Data at 300 K and Single-Pattern
Neutron Di4raction Data at 13 K

Temperature 300 K 13 K

Space group I4/m
Type of data X-ray Neutron Neutron
a (As ) 5.6230(4) 5.6156(4)
c (As ) 7.964(1) 7.953(1)
Atoms
Ba/La, B

*40
1.15(3) 0.32(4)

Mg, B
*40

0.87(3) 0.30(5)
Occupancy of Mg (%) 96.4(3)

Ru, B
*40

0.87(3) 0.30(5)
Occupancy of Ru (%) 96.4(3)

O1, z 0.253(6) 0.253(6)
B
*40

1.93(5) 1.7(1)
O2, x 0.224(3) 0.226(3)

y 0.279(3) 0.283(3)
B
*40

1.93(5) 1.03(7)

R
1

0.089 0.046 0.064
R

81
0.129 0.058 0.084

s2 4.81 2.05 3.01
R

B
0.045 0.056 0.049

R
F

0.031 0.045 0.031
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good agreement for the X-ray data and poor agreement for
the neutron data with the Fm3m model can be explained
because the metallic positions are close to those of the ideal
cubic structure but the oxygen positions deviate from the
ideal model. Similar observations were made for the
Sr

2
FeTaO

6
compound, for which the neutron di!raction

data led to a GdFeO
3
-type structure in the orthorhombic

Pbnm space group while the X-ray powder pattern could
well be indexed with a cubic unit cell (13). However, this
orthorhombic structural model is not suitable for our cases
because this model does not allow ordering of M/Ru atoms.
The atomic ordering is possible by further lowering the
symmetry to P2

1
/n. Indeed, the crystal structures of related

double perovskites of Ru5` such as Ca
2
LaRuO

6
(6) and

Sr
2
YRuO

6
(5) were re"ned in this monoclinic space group

and were reported to have B-site atomic orderings. Our
powder patterns, both low temperature and 300 K, of the
Mg and Zn phases also could be re"ned in this space group
with ordered M/Ru atoms, though some constraints on the
parameters were required to avoid divergent results.

However, the apparent high symmetry implied by the
powder patterns led us to explore other space groups.
Because the structural models in the cubic space group
could account for the X-ray powder patterns well to some
extent and produced only a few peak intensities of the
neutron di!raction patterns that showed disagreement, we
considered that a subgroup of Fm3m could be the correct
group. Therefore, we have considered all of the "ve direct
nonisomorphic subgroups of Fm3m and their subgroups
with the following criteria. The correct subgroup must allow
M/Ru ordering and place all the metallic elements as in the
Fm3m model. It also must allow the oxygen atoms to move
from the positions in the Fm3m model and still maintain the
octahedral geometry around the M/Ru atoms. There were
only two second generation subgroups, R-3 and I4/m, that
satis"ed these criteria. We have attempted both space
groups for the structural re"nements and found that both
the low-temperature and 300-K neutron di!raction data of
both Mg and Zn phases could be well re"ned in the I4/m
structural models. In contrast, the re"nements in the R-3
model were unstable and the "nal results, with some restric-
tions on the parameters, yielded results with poorer agree-
ment factors than those with the I4/m model. We, therefore,
have chosen the I4/m structures as the correct structures,
and the details are reported here. However, we cannot
simply rule out the R-3 space group by just comparing the
agreement factors or the behavior of the re"nements. This is
mainly because the structural distortions are only re#ected
in the intensities of peaks with all odd hkl indices in the
neutron di!raction patterns, and there are only a few such
peaks. Nevertheless, it is certain that the crystal structure of
our compounds is very close to that of Fm3m. The re"ne-
ments in the monoclinic space group P2

1
/n also produced

good agreements, although they su!ered from instability of
the re"nement, but the essential features are identical to
those of I4/m with no improvement of the agreement fac-
tors. The validity of the high symmetry nature of the com-
pounds is partly supported by the fact that the low
temperature powder patterns do not reveal any additional
peaks or peak splitting except for the very weak magnetic
peaks at low angles.

In Tables 1 and 2, we summarize the re"nement results of
the Mg and Zn phases based on the simultaneous re"ne-
ments of both X-ray and neutron di!raction data at room
temperature and on the neutron data at low temperature.
The calculated powder patterns are compared with the
observed patterns in Figs. 1}3. The slightly poorer agree-
ments for the low-temperature data than the 300-K data,
are mainly because the former employed shorter counting
times.

The relative occupancies of M/Ru on the B-sites were
obtained from the simultaneous re"nements of the X-ray
and neutron data at 300 K and these were used as "xed
parameters for the re"nements of the low-temperature neu-
tron data. The occupancy re"nements for both phases sug-
gest that the M/Ru atoms are almost completely ordered in
both compounds (the proportions of M in M site (and Ru in
Ru site) are 96.4(3)% for the Mg and 99.3(8)% for the Zn
compounds). Therefore, the structures can be classi"ed as
the rock-salt type according to the scheme by Poeppelmeier
(1). One must be cautious in taking the re"ned occupancies,



TABLE 2
Results of the Rietveld Crystal Structure Re5nements of

BaLaZnRuO6 from the Simultaneous Re5nements of the X-Ray
and Neutron Di4raction Data at 300 K and Single-Pattern Neu-
tron Di4raction Data at 10 K

Temperature 300 K 13 K

Space group I4/m
Type of data X-ray Neutron Neutron
a (As ) 5.6521(3) 5.6418(3)
c (As ) 7.9987(9) 7.981(1)
Atoms
Ba/La, B

*40
1.14(3) 0.40(5)

Zn, B
*40

0.95(3) 0.29(6)
Occupancy of Zn (%) 99.3(8)

Ru, B
*40

0.95(3) 0.29(6)
Occupancy of Ru (%) 99.3(8)

O1, z 0.254(4) 0.254(8)
B
*40

2.16(4) 2.9(2)
O2, x 0.226(2) 0.225(3)

y 0.286(2) 0.285(3)
B
*40

2.18(4) 1.04(8)

R
1

0.087 0.064 0.070
R

81
0.126 0.082 0.090

s2 2.57 3.04 3.52
R

B
0.045 0.060 0.049

R
F

0.034 0.051 0.036
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however, because they tend to show di!erent values depend-
ing on the data used for the re"nements as well as re"ne-
ment conditions. For example, if the X-ray data were used
alone, the occupancy factors were lowered by 5}10%, im-
plying partial mixing. Because these compounds were syn-
thesized at high temperatures, the entropy factor would
FIG. 2. Rietveld re"nement results on the room-temperature neutr
favor some degree of disorder and we cannot rule out the
possibility of partial disorder although the re"nements re-
sulted in complete orderings in these compounds. The re-
ported structure of BaLaZnRuO

6
compound with

disordered Zn and Ru atoms (4) may be because the neutron
scattering factors of Zn (0.5680]10~12 cm) and Ru
(0.7030]10~12 cm) are not much di!erent from each other
and cannot be well distinguished by neutrons alone. In fact,
we have also experienced di$culty in re"ning the M/Ru
occupation factors on the neutron di!raction data alone.
The atomic orderings occur when the ionic sizes and
charges of the two B ions are signi"cantly di!erent (1). These
conditions are well satis"ed by our Mg2`/Ru5` and
Zn2`/Ru5` cases. The e!ective ionic radii of Mg2` and
Zn2` are 0.72 and 0.74 As and that of Ru5` is 0.565 As (14),
and the charge di!erence is substantial. It is also well estab-
lished that the Ru in our compounds is Ru5` from the
magnetic susceptibility data in the literature (11) as well as
our own data (below). The smaller degree of ordering for the
Mg compound can be explained due to the smaller di!er-
ence of the ionic size with that of Ru5` than for the Zn
compound.

The crystal structures can be best described in terms of
Glazer's MO

6
octahedron rotation scheme (15}17). Accord-

ing to this scheme, our samples can be denoted as a0a0c~,
meaning that the adjacent octahedra are not tilted from
each other as in the ideal cubic structure when viewed along
the [110] direction while they are tilted alternatively along
the [001]-direction (Fig. 4). Besides the tilting of the RuO

6
octahedra, the structure would be exactly the same as in the
ideal cubic structure.

The bond distances from the 300-K data re"nements were
calculated as shown in Tables 3 and 4. The Ru}O bond
on di!raction patterns of (a) BaLaMgRuO
6

and (b) BaLaZnRuO
6
.



FIG. 3. Rietveld re"nement results on the low-temperature neutron di!raction patterns of (a) BaLaMgRuO
6

at 13 K and (b) BaLaZnRuO
6

at 10 K.
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distances of the both Mg and Zn compounds are identical
within the standard deviations and uniform at 1.96}1.98 As .
These values are comparable to those in the literature
ranging from 1.93 to 1.99 As (4}6). The M}O bond distances
for Mg and Zn are uniform at 2.01 and 2.03}2.06 As , respec-
tively, the latter being slightly larger re#ecting than Zn2` is
larger than Mg2`. The bond angles around the M/Ru
FIG. 4. Crystal structure of BaLaMRuO
6

(M"Mg and
atoms are all symmetry constrained to ideal values of 903 or
1803. Therefore, the RuO

6
and MO

6
octahedra in the pres-

ent compounds can be considered to be ideal octahedra.
The M/Ru}O bond distances remained unchanged upon
cooling within the standard deviations. The main changes
with temperature are on the Ba/La}O distances as can be
seen in Tables 3 and 4.
Zn) viewed along the (a) [110] and (b) [001] directions.



TABLE 3
Bond Distances and Angles of BaLaMgRuO6 from Room-

Temperature X-Ray and Neutron Di4raction Data Re5nements
and 13 K Neutron Di4raction Data Re5nements

300 K
Ba/La}O1 (]4) 2.8116(4) Mg}O1 (]2) 2.01(5)

}O2 (]4) 2.97(1) }O2 (]4) 2.01(2)
}O2 (]4) 2.67(1) Ru}O1 (]2) 1.97(5)

}O2 (]4) 1.98(2)
Mg}O1}Ru 180(2) Mg}O2}Ru 167.6(7)

13 K
Ba/La}O1 (]4) 2.8078(4) Mg}O1 (]2) 2.01(3)

}O2 (]4) 2.980(9) }O2 (]4) 2.04(1)
}O2 (]4) 2.649(8) Ru}O1 (]2) 1.96(3)

}O2 (]4) 1.96(1)
Mg}O1}Ru 180(3) Mg}O2}Ru 166.5(5)
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The magnetic susceptibility data of the Mg and Zn
samples are shown in Fig. 5. Both compounds show antifer-
romagnetic orderings below 20 K. Above the antiferromag-
netic ordering temperature,¹

N
, both compounds show typi-

cal Curie}Weiss behavior in agreement with the previous
reports. The data were "t to the Curie}Weiss law,
s"C/(¹!h), where C is the Curie constant and h is the
Weiss temperature, to get k

%&&
"4.10 BM and h"295 K for

the Mg and k
%&&
"4.19 BM and h"216 K for the Zn com-

pounds. Fernandez et al. reported that their Mg and Zn
samples showed Curie}Weiss behavior above ¹

N
up to over

7003C. Magnetic moments of 3.85 and 3.84 BM per Ru5`

for the Mg and Zn compounds, respectively, were cal-
culated, close to the spin only value of 3.87 BM for the
t3
2g con"guration (11). In fact, spin only values are not
expected for 4d transition metal ions because of large spin-
orbit coupling which, for the present t3

2g case, should reduce
TABLE 4
Bond Distances and Angles of BaLaZnRuO6 from Room-

Temperature X-Ray and Neutron Di4raction Data Re5nements
and 10 K Neutron Di4raction Data Re5nements

300 K
Ba/La}O1 (]4) 2.8263(5) Zn}O1 (]2) 2.03(3)

}O2 (]4) 3.00(1) }O2 (]4) 2.06(1)
}O2 (]4) 2.663(8) Ru}O1 (]2) 1.96(3)

}O2 (]4) 1.96(1)
Zn}O1}Ru 180(1) Zn}O}Ru 166.3(5)

10 K
Ba/La}O1 (]4) 2.8215(6) Zn}O1 (]2) 2.02(6)

}O2 (]4) 3.00(1) }O2 (]4) 2.05(2)
}O2 (]4) 2.66(1) Ru}O1 (]2) 1.97(6)

}O2 (]4) 1.97(2)
Zn}O1}Ru 180(2) Zn}O2}Ru 166.1(7)
the e!ective magnetic moment. On the contrary, the mag-
netic moments of our samples are even larger than the
spin-only value. For comparison, Ba

2
LaRuO

6
, and

Ca
2
LaRuO

6
were reported to have e!ective magnetic mo-

ments k
%&&
"4.27 and 4.00 BM, which are close to ours (6).

The discrepancy from the prediction based on the
crystal "eld theory was explained by the action of itinerant
electrons as the transfer integral b approaches b

.
in

the b
#
(b(b

.
region. The large values of the

ratio h/¹
N
'10 for Ba

2
LaRuO

6
and Ca

2
LaRuO

6
are

also a good diagnosis that b is close to b
.
, which again is

the case of our Mg and Zn compounds with h/¹
N
"16

and 11, respectively. Therefore, the magnetic properties of
our BaLaMRuO

6
(M"Mg, Zn) compounds can be ex-

plained as being the result of itinerant electrons of Ru5`

that interact with one another strongly to give rather large
transfer integrals. The very close crystallographic dimen-
sions of the two compounds result in similar magnetic
properties.

The antiferromagnetic nature of magnetic ordering is also
evident from the low-temperature neutron di!raction data
(Fig. 6). Although very weak, magnetic peaks grew as the
temperature was lowered for both samples. The indices of
these magnetic peaks, (001), (100), (111), (102), violate the
systematic absence condition of the I-centered chemical unit
cell indicating that there is a long-range antiferromagnetic
ordering. Because the magnetic scattering factor for Ru5` is
not available, the magnetic structure could not be re"ned.
Nevertheless, we have attempted some re"nements on the
magnetic structures using the scattering factor of Ru3` just
to see how the Ru5` spins are ordered. The best model we
have obtained is Type I, in which there are parallel spins
within the ab plane and the spins of adjacent planes are
antiparallel. The (001) and (100) magnetic re#ections in the
compounds suggest that the Ru5` spins are not parallel to
the c axis or to the ab plane. The same type magnetic
structures were reported on B-site ordered Ca

2
LaRuO

6
and

Sr
2
YRuO

6
compounds (5, 6).

In their paper on the disordered structure of
BaLaZnRuO

6
compound, Battle et al. reported its magnetic

structure as Type A (4). In the Type A magnetic structure,
there are parallel spins within a plane and adjacent planes
have antiparallel spins, very similar to the Type I structure
except that Type A is based on the primitive perovskite
structure with no B-site ordering and Type I is based on the
doubled superstructure. In order to explain why the mag-
netic structure was Type A, they invoked the possibility of
short-range ordering of Zn and Ru forming a large popula-
tion of Ru}O}Zn connectivity, a feature which is already
present in our crystal structure.

As shown in Fig. 5, both Mg and Zn compounds show
divergent ZFC and FC data below ¹

N
, a problem which has

not been addressed previously. Similar magnetic behavior
was reported on Sr

2
FeSbO

6
(13). In this compound, the



FIG. 5. Magnetic susceptibility data and Curie}Weiss "t of (a) BaLaMgRuO
6

and (b) BaLaZnRuO
6
.
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Fe3` and Sb5` ions are ordered in the B-site by about
80%, and show a long-range magnetic ordering, as revealed
from low-temperature neutron di!raction data, and a
discrepancy between ZFC and FC data below ¹

N
, 37 K.

This magnetic behavior was explained as that there is an
antiferromagnetic backbone composed of the Fe ions in the
one sites and the disordered Fe ions form antiferromagnetic
clusters whose movement becomes frozen below ¹

N
. This

explanation does not seem to apply well to our compounds
that have almost perfectly ordered structures. However,
because of the uncertainties associated with the re"ned
occupancy factors depending on the re"nement conditions
as described above, this possibility may not be completely
FIG. 6. Evolution of the magnetic peaks in the low-temperature neu
ruled out. The other possibility is the competition between
di!erent types of Ru}O}O}Ru interactions present in our
compounds. Because of the tilting of the octahedra along
the c axis, the Ru}O}M bond angle within the ab plane
deviates from 1803, whereas the angle along the c axis is
strictly 1803. Therefore, the Ru}O}O}Ru interaction within
the ab plane is mediated by two non-1803 Ru}O}M bond
angles, and the angle along the c direction is mediated by
a 1803 and a non-1803 Ru}O}M interaction. If the bond
angles were strictly 1803, these interactions would be antifer-
romagnetic. Deviation from 1803 of a bond angle renders
a ferromagnetic component. Therefore, the antiferromag-
netic interactions within the ab plane are weaker than those
tron di!raction patterns of (a) BaLaMgRuO
6

and (b) BaLaZnRuO
6
.
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involving the interactions in the c direction. This is consis-
tent with the Type I magnetic structure deduced from the
low-temperature neutron di!raction data. However, the in-
herent antiferromagnetic nature of the interaction within
the ab plane will compete with this magnetic ordering,
resulting in frustrated spins below ¹

N
.

In conclusion, we have performed both X-ray and neu-
tron di!raction studies on BaLaMRuO

6
compounds. The

M and Ru atoms are ordered in the B site and the structures
are slightly distorted from the ideal cubic to tetragonal
structures. Our study demonstrates the importance of using
both X-ray and neutron di!raction techniques in elucida-
ting crystal structures of some compounds by showing that
X-ray alone could lead to a cubic structure and that neutron
alone could lead to a random distribution of the B-site
atoms.
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