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Two B-site ordered double perovskites, Ba2YRuO6 and La2LiRuO6, have been reinvestigated as part of a
systematic study of geometric magnetic frustration in this class of oxide materials. Both involve Ru5+共4d3 , S
= 3 / 2兲 as the magnetic ion residing on a face-centered-cubic lattice—one of the canonical frustrated lattices.
Results from dc susceptibility, neutron-diffraction, heat-capacity, 7Li and 89Y NMR studies are presented.
La2LiRuO6 共P21 / n兲 shows long-range antiferromagnetic order below 24 K from 7Li NMR, heat-capacity and
magnetic-susceptibility 共Fisher’s heat-capacity兲 data which is well below the susceptibility maximum at 30 K.
Analysis of the entropy loss and the 7Li data indicates the importance of short-range spin correlations at higher
temperatures, consistent with a frustrated system. Ba2YRuO6 retains Fm3m symmetry found at room temperature down to 2.8 K with cell constants, a = 8.33559共9兲 and a = 8.3239共5兲 Å, respectively. However, 89Y magicangle-spinning NMR detects a very low ⬃1% site mixing between Y and Ru ions. Magnetic-susceptibility data
are more complex than reported previously with two broad peaks around 37 and 47 K. The transition temperature is 36 K from heat capacity and variable-temperature neutron-diffraction data. The Weiss temperatures
and frustration indices, 兩兩 / TN, for Ba2YRuO6 are −522 K and 16 while much smaller values are observed for
La2LiRuO6, −184 K and 8, which can be attributed to the monoclinic structural distortion in the latter which
weakens the superexchange interactions.
DOI: 10.1103/PhysRevB.80.134423

PACS number共s兲: 75.50.Lk, 75.50.Ee, 76.60.⫺k, 61.05.F⫺

I. INTRODUCTION

Geometrically frustrated antiferromagnetic 共AF兲 materials
have attracted considerable interest over the past few years.1
Such compounds often exhibit rather exotic magnetic ground
states such as the spin glass, spin liquid, or spin ice states
instead of long-range order as might be expected from the
third law of thermodynamics. Among such materials, the
B-site ordered double perovskites, A2BB⬘O6, are a relatively
less studied class. In this case a magnetic ion resides on the
B⬘ site while B is nonmagnetic. Both the B and B⬘ sites
constitute interpenetrating face-centered-cubic sublattices,
Fig. 1, which, if the exchange constraint between nearest B⬘
neighbors is antiferromagnetic, the basic criteria for geometric frustration are satisfied. The conditions for B-B⬘ site ordering have been presented in the form of a phase diagram2
and the space-group family tree has been constructed.3 For
tolerance factors near unity, cubic symmetry is usually found
which in this case is Fm3m. As the tolerance factor decreases
the symmetry lowers and one finds cases of I4 / m, P21 / n, or
P-1, for example.
A notable feature of B-site ordered double perovskites is
the versatility of this structure type to chemical substitution.
Indeed, much of the periodic table can be accommodated.2
The large A-site ions are generally from group 2 or 3 and the
B and B⬘ ions from the transition series 3d – 5d and 4f or
1098-0121/2009/80共13兲/134423共7兲

small group 1–3 ions. Thus, this class of perovskites permits
the systematic study of the effects of changes in, for example, the spin quantum number, S, and the space-group and
B⬘ point-group symmetries, which controls the “orbital ordering,” on magnetic properties. For example, in the Fm3m
structure the site symmetry at B⬘ is rigorously cubic, m3m,
while for P21 / n this symmetry is reduced to −1. Thus, for
n
, the t2g orbitals reelectronic configurations of the type t2g
main degenerate in m3m but this degeneracy will be lifted in
−1. In this work the B site contains diamagnetic Y3+ and the
3
B⬘ site is occupied by Ru5+, 4d3共t2g
兲 and S = 23 . Note that this
ion is always an orbital singlet in a crystal field of octahedral
symmetry, neglecting spin-orbit coupling, and orbital ordering will not be an issue. In subsequent papers, studies of
materials with controlled space group and local symmetry
but with quantum spins, S = 1 and S = 21 will be presented.
There exists already evidence that quantum spin double perovskites behave rather differently than the S = 23 analogs. For
example the S = 21 compounds Sr2CaReO6 共P21 / n兲 共Ref. 4兲
and Sr2MgReO6 共I4 / m兲 共Ref. 5兲 do not show long-range AF
order but instead, spin-glass ground states.
A number of materials with Fm3m symmetry have been
studied in the early 1990s such as the series Ba2BRuO6,
where B = Y and Lu.6 These phases were reported to be wellordered Fm3m double perovskites which showed AF order
共fcc type I兲 at ⬃35 K for the B = Lu compound, the Y case
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FIG. 1. 共Left兲 The crystal structure of B-site ordered double
perovskite, A2BB⬘O6. The gray spheres, light gray octahedral, and
dark gray octahedra represent A ions, BO6 octahedra, and B⬘O6
octahedra, respectively. 共Right兲 The geometrically frustrated facecentered-cubic lattice of edge sharing tetrahedra formed by both the
B and B⬘ sites.

was not reported. As well, large, negative Weiss temperatures
in the range of −630 K were found suggesting a high degree
of frustration by the frustration index criterion, f ⬃ 兩兩 / TN
⬃ 18.7
A Ru5+ based double perovskite with lower symmetry
共P21 / n兲, La2LiRuO6, has been studied more recently.8
Again, this compound showed long-range AF order 共fcc type
I兲 at 4 K and a susceptibility maximum at 30 K. 7Li magicangle-spinning 共MAS兲 nuclear magnetic resonance 共NMR兲
indicated only one sharp peak which along with the refinement of neutron-diffraction data indicated a well-ordered
double perovskite. The exact value of TN was not reported
but assuming a value of ⬃30 K and given C = −167 K,
La2LiRuO6 is significantly less frustrated, f ⬃ 6, than
Ba2YRuO6, f ⬃ 18, as already mentioned.
In this work, La2LiRuO6 and Ba2YRuO6 have been reinvestigated within the context of geometric magnetic frustration. For the former, 7Li NMR studies along with heat capacity and magnetic-susceptibility data provide an accurate
measure of TN which is significantly lower than reported
previously. For the latter, 89Y MAS NMR indicate some degree of Y/Ru site disorder which is not easily detected from
the neutron data. As well, the magnetic susceptibility is more
complex than reported previously, showing signs of significant short-range correlations above the critical temperature
which is confirmed by neutron diffraction. Heat-capacity
measurements determine an accurate value for TN, which
was not reported in earlier studies. The study of these two
materials provides a context for subsequent papers which
will describe the results of lowering the spin quantum number to 1 and 21 in a set of exactly isostructural materials.
II. EXPERIMENTAL PROCEDURES

La2LiRuO6 and Ba2YRuO6 were prepared using conventional solid-state reactions. For La2LiRuO6,7 a stoichiometric
mixture of La2O3 共Aldrich, 99.9%兲 共prefired at 900 ° C to
remove surface contaminants兲, RuO2 共Alfa Aesar, 99.95%兲,
and 10% excess of Li2CO3 共J.T. Baker Chemical Co., 99.1%兲
was ground, pelletized, heated to 600 ° C, and kept at that

temperature overnight. This was followed by gradual heating
up to 700 ° C for 1 day and a final firing at 900 ° C for about
2 days to complete the reaction. For Ba2YRuO6,6 a stoichiometric mixture of the starting reagents, BaCO3 共T. Baker
Chemical Co.兲, Y2O3 共Alfa Aesar, 99.9%兲 共preheated兲, and
RuO2 共Alfa Aesar, 99.95%兲 was ground, pelletized, and
heated to 1350 ° C for a total of 5 days with intermittent
regrinding. In addition to that nonmagnetic analogs for both
samples, La2LiIrO6 and Ba2YTaO6, were prepared. For
La2LiIrO6, a mixture of La2O3 共preheated兲, Li2CO3 共10%
excess兲, and Ir powder 共CERAC, 99.9%兲 was heated in O2
flow and kept at 1123 K for 96 h. For Ba2YTaO6, a stoichiometric mixture of BaCO3, Y2O3, and Ta2O5 共Alfa Aesar
99.99% and SPEX兲 was heated in air at 1350 ° C for about 3
days in total with intermediate regrinding. The purity of the
samples was tested by x-ray diffraction using a Guinier-Hägg
camera with Cu K␣1 radiation.
Magnetic susceptibility was measured for both samples
within the temperature range 2 K 共or 5 K兲 to 300 K using a
quantum design magnetic properties measurement system
superconducting quantum interference device magnetometer
at McMaster University. Zero-field-cooling 共ZFC兲 and fieldcooling 共FC兲 data were obtained with an applied field of 500
Oe.
Heat-capacity measurements were carried out for
La2LiRuO6 and Ba2YRuO6 using an Oxford Maglab over the
temperature ranges of 8–49.9 and 5–56.5 K, respectively.
Also, the heat capacity for La2LiRuO6 and its lattice match
compound were measured at Florida State University using a
quantum design physical properties measurement system.
system in the temperature range of 2–70 K. To extract magnetic heat capacity, the nonmagnetic analogs of both
samples, La2LiIrO6 and Ba2YTaO6, were prepared and the
heat capacities of both samples were subtracted as lattice
contribution on total heat capacities.
Neutron-diffraction data were obtained for Ba2YRuO6 on
the C2 diffractometer at the Canadian Neutron Beam Centre
operated by the National Research Council of Canada at the
Chalk River laboratories of Atomic Energy of Canada. The
data were collected at 2.8, 20, 30, 33, 35, 40, and 298 K with
neutron wavelengths of 2.7319 Å and/or 1.3305 Å depending on measurement temperature. The crystal structure and
magnetic structures were refined using GSAS 共Ref. 9兲 and
FULLPROF.10
For La2LiRuO6, the 7Li NMR spin-lattice relaxation rate,
1 / T1, as a function of temperature was measured at McMaster University over the temperature range from 23.3 to 290
K. For Ba2YRuO6, 89Y magic-angle-spinning solid-state
nuclear magnetic resonance was carried out in the Department of Chemistry at the University of Manitoba. The spectrum was acquired using a Bloch pulse on a Varian InovaUnity
600 共14.1 T兲 spectrometer operating at a Larmour frequency,
L of 29.36 MHz. The black powdered sample was packed in
a ZrO2 MAS rotor with a 22 l fill volume and spun to
20 000⫾ 6 Hz. Acquisition was carried out at room temperature using a 30° tip angle 共rf of 42 kHz兲 on a 3.2 mm DR
共H/F-X兲 Chemagnetics MAS probe, 470 784 coadded transients were collected with a recycle delay of 0.5 s. All spectra were referenced with respect to 2M Y共NO3兲3 at 0.0 ppm.
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FIG. 3. 共Color online兲 Fisher’s heat capacity of La2LiRuO6
共Ref. 11兲.
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FIG. 2. 共Color online兲 共Top兲 The temperature dependence of the
magnetic susceptibility and inverse magnetic susceptibility of
La2LiRuO6. FC data were measured with an applied field of 500
Oe. 共Bottom兲 The susceptibility near the temperature region around
the transition. The right vertical line marks the susceptibility maximum and the left line locates the transition temperature from the
heat capacity and NMR measurements.

broad maximum at 23–24 K, whereas one might have expected a sharper -type anomaly. Shown also are data for the
lattice match material, La2LiIrO6. In this compound the
Ir5+共5d4兲 ion is a single-ion singlet state and has only a very
weak temperature-independent paramagnetic contribution.12
Subtraction of the lattice match data, shown in the inset,
sharpens the peak somewhat. The subtracted magnetic component of heat capacity indicates that about 53.7% of the
theoretical total entropy, S = R ln共2S + 1兲, where R is the gas
constant and S is the spin quantum number, was lost during
this transition. This suggests that short-range correlations at
higher temperatures are important which is consistent with a
high level of frustration in this material.
Finally, further insight can be provided by study of the
temperature dependence of the 7Li nuclear-spin-lattice relaxation rate 共1 / T1兲, Fig. 5 as the NMR experiment probes the
local, low-frequency spin dynamics. Note first that the data
are roughly temperature independent above ⬃150 K. This is
indicative of paramagnetic 共uncorrelated spins兲 behavior in
the exchange narrowing limit as the electron spins fluctuate

III. RESULTS AND DISCUSSION
A. La2LiRuO6

The obtained powder sample was tested by x-ray diffraction and confirmed to be single phase. The temperature dependence of the magnetic susceptibility was measured as
shown in Fig. 2. The data were fitted to a Curie-Weiss law
with inclusion of a small temperature-independent term, 
= C / 共T − 兲 + 共TIP兲, giving the parameters C = 1.93
共5兲 emu K / mol,  = −185共5兲 K, and 共TIP兲 = 5.1共5兲
⫻ 10−4 emu/ mol. The Curie constant is in reasonable agreement with the expected spin-only value for a S = 23 ion,
1.87 emu K / mol, and  is slightly larger than that reported
in Ref. 8, −167 K. The bottom of Fig. 2 shows the lowtemperature data indicating a maximum at 29–30 K, as reported previously, and a ZFC/FC divergence below ⬃70 K.
These data were analyzed further by plotting dT / dT vs T,
i.e., the Fisher heat capacity,11 shown in Fig. 3, in which the
relatively sharp peak at ⬃24 K indicates that this is the true
TN for this material.
To verify this, the thermal heat capacity of La2LiRuO6
was measured from 2 to 70 K. Note, Fig. 4, the somewhat

FIG. 4. 共Color online兲 The heat capacity of La2LiRuO6 and the
lattice match compound, La2LiIrO6. The magnetic heat capacity
shows a somewhat broadened peak centered around 23 K. The inset
shows the magnetic heat capacity, Cmag / T versus T, from which the
magnetic entropy of this compound was calculated. The entropy
loss below 40 K is 54% of the theoretical total. 共See text兲.
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crystal structure of this material, refined from neutron
powder-diffraction data, had been reported earlier,6 a new
study was carried out, along with MAS 89Y NMR to address
this question. The neutron-scattering lengths for Y and Ru
are relatively similar, 7.75 and 7.03 fm, respectively, about a
10% difference. The situation is similar for x-rays with about
the same level of contrast, which is somewhat problematic
for analysis of powder data for either case. However, in addition to the scattering power at the B and B⬘ sites, the O2−
positional parameter, 共x 0 0兲, is a critical measure of order/
disorder. For the fully disordered model, which would be
described in Pm3m rather than Fm3m with a unit-cell edge
of half the length, x = 41 共retaining the Fm3m setting兲 and the
B-O and B⬘-O bond lengths would be equal. Thus, the deviation from x = 41 is a measure of site ordering. As neutrons
are more sensitive to oxygen than x rays, this is the diffraction method of choice.
Before proceeding to the results, it is important to review
the general situation with B-site order in double perovskites.
While the aforementioned phase diagram of Anderson et al.
gives a rough guide to the likelihood of B / B⬘-site order,
more detailed studies exist, especially by Woodward et
al.14,15 who have focused on the B3+ / B⬘5+ case which is most
relevant here. To summarize some of their findings, for ⌬r
⬍ 0.260 Å, 100% B / B⬘-site order is never found, with one
exception. The extent of B / B⬘-site order is determined quantitatively by refinement of neutron powder-diffraction data
and it is remarked that in all cases of partial order, the hkl
all-odd supercell reflections are measurably broader than the
hkl all-even subcell reflections. For example, among the
Fm3m phases studied, Ba2YNbO6 is judged to be 100% ordered, ⌬r = 0.260 Å while Ba2ScNbO6 and Ba2ScTaO6, with
⌬r = 0.105 Å, show only about 50% order. With smaller
A-site ions and lower crystal symmetry, the degree of
B / B⬘-site order appears to increase for the same combination
of ions. For example, Sr2ScNbO6 and Ca2ScNbO6, both
P21 / n materials, show order levels of 69% and 96%, respectively. Ca2YNbO6 is classified as 100% ordered. Applying
these findings to the specific case of Ba2YRuO6, where ⌬r

FIG. 5. 共Color online兲 The 7Li nuclear-spin-lattice relaxation
rate, 1 / T1, as a function of temperature. The inset shows the divergence near the transition temperature, 24 K.

rapidly. Below about 70 K, which is also roughly the temperature for which the ZFC/FC divergence in the bulk susceptibility becomes detectable, 共1 / T1兲 begins to increase, indicating the onset of short-range spin-spin correlations. The
increase becomes very rapid below about 35 K and shows a
divergence around 24 K 共23.8 K兲 as shown in Fig. 5 due to
the critical slowing down toward a long-range ordered state.
Thus, the 7Li NMR data confirm TN = 23.8 K for this material and provide further evidence for the importance of shortrange spin correlations at temperatures well above TN, a feature expected for a frustrated spin system.
B. Ba2YRuO6
1. Structural details—Y/Ru order disorder

In the phase diagram of Anderson et al.,2 this compound,
with a B-site formal charge difference of two and size difference of ⌬r = 0.34 Å,13 lies near the border for B-site order. It
is of great interest to determine the degree of Y3+ / Ru5+ site
order which has not been addressed previously. While the
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FIG. 6. 共Color online兲 Refinement of the neutron-diffraction data of Ba2YRuO6 at 297.5 K using the GSAS software package 共Ref. 10兲 for
two wavelengths, 2.37 Å, left panel and 1.33 Å, right panel, showing the experimental data 共+兲 and the fit as a solid line. The vertical tick
marks represent the Bragg-peak positions and the bottom line is the difference between the calculated and experimental profiles.
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TABLE I. The atomic coordinates, isotropic displacement factors at 297.5 K for Ba2YRuO6 共space group Fm3m兲. Rwp = 0.0571,
2 = 1.6, and cell constant a = 8.33559共9兲 Å. Anisotropic displacements refined for O: U11 = 0.0032共10兲 and U22 = U33 = 0.0106共4兲
共Å2兲.

TABLE III. Comparison of peak widths for supercell 共all-odd兲
and subcell 共all-even兲 reflections for Ba2YRuO6, both powder neutron and x-ray data.

Reflection
Atom
Ba
Y
Ru
O

x

y

z

Uiso
共Å2兲

0.25
0.5
0
0.26513共24兲

0.25
0.5
0
0

0.25
0.5
0
0

0.0067共5兲
0.0082共18兲
0.0049共19兲
0.0103共4兲

共111兲

Width 共full width at half maximum兲
共deg兲
Ratio 共super/sub兲
Neutron data 3.8 K
0.24共6兲
0.98共24兲

共200兲
共331兲

0.244共3兲
0.33共1兲

共420兲

0.365共4兲

0.90共4兲

= 0.34 Å, one would then expect ⬃100% B / B⬘-site order.
The results of the refinement of the neutron-diffraction
data at 299.6 K on a fully ordered B / B⬘-site model are
shown in Fig. 6 and Tables I and II. The atomic positions and
derived interatomic distances are in excellent agreement with
those of Ref. 6. The observed atomic displacement parameters, Uiso, do not suggest that B / B⬘-site disorder is significant. The anisotropic Uij values for the O site are very similar to those obtained for Ba2YNbO6, i.e., U11 ⬍ U22 = U33,
with a somewhat disklike ellipsoid for the site.14 Attempts to
refine the occupation rates of the Y and Ru sites using the
constraints applied in Ref. 14 did not yield reasonable values. Refinements imposing a few percent Y/Ru site mixing
did yield reasonable results but for mixing greater than
⬃5%, Uiso for the Ru site became negative. Finally, a comparison of the peak widths of the supercell and subcell reflections, Table III, does not constitute evidence for site disorder, either from the x-ray or neutron data. Taken together,
the above observations suggest either negligible or at most,
very slight, Y/Ru site mixing.
Nonetheless, the 89Y MAS NMR data of Fig. 7 present
evidence of a low level of site mixing. Here two distinct
peaks are seen at chemical shifts of −5100 and −5860 ppm,
with integrated areas in the ratio of roughly 7 and 93⫾ 3%,
respectively. Assignment of these peaks and the interpretation of their relative intensities follow the related work of
Grey et al.16 where multiple 89Y MAS NMR peaks observed
in pyrochlore oxides Y2−xLnxTi2O7 were interpreted in terms
of the number of next-nearest-neighbor cations. In
Y1.9Eu.1Ti2O7 for example, peaks were assigned to Y-共O-Y兲6
and Y-共O-Y兲5共O-Eu兲 with a ratio of intensities of ⬃3 / 1.
While the Eu substitution level is only 5%, its influence is
multiplied by the coordination number at the Y site, six, so
the relative intensity of the two NMR peaks is in the ratio 3/1
rather than 20/1. Thus, in the spectrum of Ba2YRuO6 it is

共111兲

X-ray data 298 K
0.087共4兲
1.07共9兲

共200兲

0.081共3兲

reasonable to assign the major peak at −5860 ppm to the
environment Y-共O-Ru兲6 and the minor peak at −5100 ppm
to Y-共O-Ru兲5共O-Y兲. From the observed relative intensities
we infer a Y/Ru mixing level of about 1%. This is certainly
consistent with the neutron-diffraction results for Ba2YRuO6
and illustrates in addition the power of the MAS method in
detecting low levels of site mixing. It is worth noting that the
89
Y NMR peaks seen here are shifted significantly out of the
known 89Y chemical shielding range of 60–340 ppm for oxides, even exceeding that of the highly shielded cuprate
Y2BaCuO5 at −1250 ppm,17 and indicating that a significant
amount of unpaired electron density is present at the Y
nucleus. A detailed understanding of a shift of this magnitude
requires further study.
2. Magnetic properties

The magnetic susceptibility for this compound is shown
in Fig. 8 and 共inset兲 displays two broad peaks, around 37 and
47 K. The ZFC/FC curves show a slight divergence around
115 K. The inverse magnetic susceptibility was fitted with
the Curie-Weiss law giving  = −571共3兲 K and C
= 2.69共1兲 mol/ emu K. The Curie constant is larger than the

TABLE II. Interatomic distances between oxygen and the B 共B⬘兲
site ions.

Y-O
Ru-O

Distance
共Å兲

O-B-O angle
共deg兲

2.2175共20兲
1.9505共20兲

90,180
90,180

FIG. 7. The 89Y MAS NMR resonance peaks for Ba2YRuO6 at
room temperature showing two distinct peaks at −5100 and
−5880 ppm.
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FIG. 8. 共Color online兲 The temperature dependence of the magnetic susceptibility of Ba2YRuO6. The insets show clearly the two
maxima at 47 and 36 K and the Curie-Weiss behavior.

spin-only value of 1.88 mol/ emu K but agrees very well
with that reported previously.6 It is possible that a true CurieWeiss regime does not exist for this compound below 300 K.
The weak upturn in the susceptibility at low temperatures is
attributed to paramagnetic impurities. The data below 10 K
were fitted to a Curie-Weiss law with an added temperatureindependent term with the resulting parameters C
 = −1.3 K,
and
共TIP兲 = 4.0
= 0.001 mol/ emu K,
⫻ 10−3 emu/ mol. This indicates that the paramagnetic impurity level is well below 1%.
The observation of two susceptibility maxima was not
reported previously6 and it is unclear which, if either, represents a transition to long-range order. Thus, the heat capacity
was measured, as shown in Fig. 9. A sharp -type anomaly is
evident at 36 K while no feature is observed at 47 K. Therefore, the real transition temperature for Ba2YRuO6 is 36 K.
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FIG. 9. The heat capacity of Ba2YRuO6 and its lattice match
analog, Ba2YTaO6. Note the sharp lambda anomaly at 36 K. The
inset shows a plot of Cmag / T vs T from which the entropy removal
共⬃24% of the theoretical value兲 was estimated.

FIG. 10. The intensity of the 共100兲 magnetic reflection versus
temperature below 37 K. The data above 30 K have been fitted to
extract the critical exponent ␤ = 0.296共5兲. The inset shows the broad
peak indicative of short-range magnetic correlations at 39.8 K. This
feature at Q = 0.750共4兲 Å−1 is fitted to the standard OrnsteinZernike Lorenztian line shape 共Ref. 16兲 giving a correlation length,
 = 17共4兲 Å.

This gives a frustration index, f ⬃ 16 which is slightly
smaller than the value of 18 reported earlier but still indicative of a highly frustrated system. The broad susceptibility
maximum at ⬃47 K is thus attributed to short-range spin
correlations which are expected for a highly frustrated magnet above the critical temperature. The entropy loss below 44
K was estimated for this material from the data shown in the
inset of Fig. 9 to be 2.69 J / mol K which is only 24% of the
expected value for S = 23 . This is further evidence for the importance of the postulated short-range correlations above TN.
To corroborate the heat-capacity result and add more insight to the interpretation of the susceptibility data, neutrondiffraction measurements were carried out at various temperatures above and below TN. The type I fcc magnetic
structure reported previously was confirmed with an ordered
Ru5+ moment of 2.1共1兲B, much below the spin-only value
of 3B but again in line with.6 As well, the temperature
dependence of the 共100兲 magnetic reflection, Fig. 10, is consistent with TN = 36 K. The critical exponent, ␤, derived
from these data is 0.296共5兲 but the number of data points
within the critical region is small and this value cannot be
considered as highly accurate. Note also, inset, that magnetic
scattering persists in the form of a broad, diffuse feature even
at 39.8 K, which is direct evidence for short-range magnetic
correlations. This peak was fitted to the standard OrnsteinZernike Lorentzian of the form I共Q兲 = A / 关共Q − Q0兲2 + 2兴,
where Q = 4 sin  /  and  is the inverse correlation
length.18 The derived values are Q0 = 0.750共4兲 Å−1 and 
= 0.06共1兲 Å−1, giving a correlation length,  = 17共4兲 Å,
which is approximately two unit-cell lengths. The origin of
this short-range order likely results from the high level of
geometric magnetic frustration. Note that the low, ⬃1%,
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level of site disorder is insufficient to destroy long-range AF
order which is clearly the ground state for this S = 23 material.
IV. SUMMARY AND CONCLUSIONS

Two B-site ordered double perovskites, La2LiRuO6 and
Ba2YRuO6, with Ru5+ 共S = 23 兲 as the only magnetic ion, have
been reinvestigated from the perspective of the geometric
magnetic frustration expected for the fcc magnetic lattice.
Both are indeed highly frustrated magnets with frustration
indices, f ⬃ 9 and 16 for La2LiRuO6 and Ba2YRuO6, respectively. Heat capacity and 7Li NMR data establish TN
= 23.8 K in spite of the susceptibility maximum at ⬃30 K
for La2LiRuO6. The NMR results also show evidence for
short-range spin correlations well above TN. Evidence for
Y/Ru site disorder at the level of about than 1% is found
from 89Y MAS NMR for Ba2YRuO6. This latter phase shows
a more complex bulk magnetic behavior than reported previously with two maxima at 47 and 36 K. Heat capacity and
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