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Abstract Y,CoRuO4 was synthesized as a B-site ordered double perovskite
with distorted monoclinic P2,/n symmetry and an average tilting of the CoOg
and RuOg octahedra of 1 = 19.7°. DC magnetization measurements show a
ferrimagnetic transition at around 82 K. Although long-range ferrimagntic
order is supported by neutron diffraction studies, aging phenomena in time

dependent isothermal magnetization, frequency-dependence of AC
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susceptibility and a smeared peak in the specific heat together reveal spin
glass-like dynamics. The magnetic subtleties resemble chaotic behavior as
previously observed in some ferro- or ferrimagnetic materials that exhibit spin
glass-like dynamics. It 1s argued that the magnetic dynamics in Y,CoRuOg
mainly stem from competition between antiferromagnetic
Co7-0-(Ru)-O-Co|/Rut-O-(Co)-O-Ru| and antiferromagnetic Cof-O-Ru]
interactions, besides a degree of Co:Ru antisite disorder. Herein the B-site
ordered Y,CoRuOg4 offers a model to explore the intriguing dynamics in

correlated 3d-4d transition metal double perovskites.

Introduction

Magnetically frustrated materials have been investigated extensively due to
their exotic magnetic states such as spin liquid, spin ice and spin glass (SG).!-3
Interestingly, intrinsic dynamics of long-range magnetic order (e.g.
ferromagnetic, FM) have been found in a few magnetic materials (e.g.
(Feo20Nigg0)75P16BsAls) where magnetic frustration is inherent.*® These so
called ‘chaotic’ magnetic systems exhibit dynamic features similar to the SG
phase. When the frustration is weak, the long-range magnetic order still persists.
On increasing frustration above some threshold value, the long-range magnetic
order is either no longer energetically favorable, or kinetically accessible. In
such case, the low temperature phase is the spin glass phase, with transition to a

long-range magnetic ordered state at higher temperature.
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The B-site ordered A4,BB'Ogs double perovskites, with rich magnetic
properties, due to the variety of possible combinations of B- and B'-site
transition metal cations, are outstanding models to study magnetic dynamics
and frustration. In B-site ordered double perovskites, when magnetic cations
only reside on the B'-site, and form a face-centered-cubic sublattice, typically,
geometrical frustration is observed. Contrasting unique magnetic ground states
have been observed experimentally, including antiferromagnetic (AFM) state in
Ba,YRuO¢ and Ba,YOsOg,57 spin freezing without long-range order in
Ba,YReOgs and Sr,MgReOg?° a collective singlet state coexisting with
paramagnetism in Ba,YMoOs and a FM Mott-insulating state in
Ba,Na0OsOq.1%11 AFM and FM orders were found in Sr,CrSbOg and Ca,CrSbOy
respectively.!?

In case of two magnetic B-sites, interactions between them become more
complicated. The Goodenough-Kanamori (GK) rules can predict magnetic
properties of insulating double perovskites where B and B' are 3d transition
metals, but they are unreliable for systems with B = 3d and B' = 4d/5d."3
Therefore, studies of new magnetic 3d-4d double perovskites are intriguing and
topical. Recently, two types of AFM superexchange, B 1 -O-B'{ and B!
-O-(B)-O-B{ /B't -O-(B)-O-B'V , were reported in (Sr,Ca),MOsOq
compounds with M = Cr, Fe and Co.'*!® In the ideal cubic double perovskite
structure, both the B- and B'-sites form face-centered-cubic lattices. In practice,

double perovskites usually exhibit structural distortions from the cubic
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symmetry most commonly caused by introducing a small cation into the A-site.
Accordingly, the lattice compression often lowers the crystal symmetry from
cubic to tetragonal or monoclinic, and simultaneously tilts the BO4 and B'Oq
octahedra (namely bends B-O-B' angle). The B1-O-B'| AFM superexchange is
known to be highly sensitive to bond angle. In (Sr,Ca),CoOsOg, the bent
Co-0-Os angles favor Cof-O-Os| pathway and enhances the ground state
changes from AFM in Sr,CoOsOg¢ to SG in SrCaCoOsOg and finally to
ferrimagnetism (FiM) in Ca,CoOsOg. 13

Although diverse magnetic states are known to be produced by lattice
compression in A,BB'Og, the details of the magnetic properties of each
magnetic phase is not known. In this article we report a new double perovskite
compound Y,CoRuOg with combination 3d and 4d metals at B-sites. In
Y,CoRuOg, highly bent Co-O-Ru angles (¢p = 141.7°) give rise to robust
Co7-O-Ru| AFM interactions with a FiM Curie temperature (7¢) close to 82 K.
Regardless of a long-range FiM order determined by neutron powder
diffractions (NPD), the DC and AC magnetizations reveal intrinsic dynamics of
the FiM order. Further studies on selected solid solutions of (La,.,Y,CoRuOg, 0
< x =< 2) imply that competition between the two aforementioned
superexchange interactions mainly contributes to the dynamic features in
Y,CoRuOg.

Experimental Section
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Synthesis. Polycrystalline samples were synthesized by conventional solid
state reaction with high purity starting materials. The well-ground mixture of
Y,0; (Alfa Aesar, 99.9%), La,O; (Alfa Aesar, 99.9%, calcined at 1300 K
before usage), Co;0,4 (Alfa Aesar, 99.7%) and RuO, (Alfa Aesar, 99.9%) were
pelletized and then calcined between 1400 and 1500 K for 24 hours. After
intermediate grinding the recovered pellets were pressed into pellets again and
calcined for another 24 h at 1500 K. It is worth noting that all the samples are
homogeneous according to chemical composition analysis by EDX (Figure
S9-S11 and Table S4-S6).

Laboratory powder X-ray diffraction (PXD), Synchrotron powder X-ray
diffraction (SPXD) and neutron powder diffraction (NPD). Phase purity of
all the samples was established with laboratory PXD. The high scattering
contrast of Co and Ru to X-ray allows us to analyze the antisite ratio of B- and
B'-site. SPXD of Y,CoRuO¢ was conducted at beamline 11-BM of APS at
Argonne National Laboratory. NPD measurements at 10, 80 and 150 K were
carried out at the beamline-HB-2A, Oak Ridge National Laboratory (ORNL).
Rietveld refinements were performed using the GSAS and FullProf software

package.!”-1?
X-ray absorption near-edge spectroscopy (XANES).

The L,3-edge measurements on Y,CoRuOg compound (and selected standards)
were performed at the National Synchrotron Radiation Research Center in

Taiwan at the Taiwan Light Source (TLS): the Co L,3-edges at beamline 11A
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with a spherical grating monochromator; and the Ru L,;-edges at beamline
16A with a double crystal Si(111) monochromator. The Co-K edge
measurements on the Y,CoRuOg were performed (with a simultaneous standard)
at NSLS-II on the Inner Shell Spectroscopy (ISS) insertion device (damping
wiggler) 8-ID beamline with a Si(111) double crystal high-heat load
monochromator operated in an extremely rapid continuous energy variation
mode. The multiple Ru-L, ; standard and Co-K standard spectra were collected
at NSLS-I on beamline X19A with a Si(111) double crystal monochromator.
The spectra were fit to linear pre- and post-edge backgrounds and normalized
to unity absorption edge-step across the edge with the exception of the Co
L, ;-edges which were normalized to the highest peak in the absorption spectra.
Most of the spectra were collected in the fluorescence mode. Some of the
spectra were collected in the total electron yield mode.

DC Magnetization. DC magnetization measurements were conducted with a
Quantum Design Superconducting Quantum Interference Device-Vibrating Sample
Magnetometer (SQUID-VSM). Temperature dependent magnetization (M(T))
was measured under zero field cooled (ZFC) and field cooled (FC) procedures.
Magnetic field dependence of magnetization (M(H)) was collected in a field
range of = 7 T at selected temperatures. Time dependent isothermal
magnetization M(¢) were performed as ZFC relaxation in which the sample was
cooled to measuring temperature in ZFC procedure from room-temperature.

The sample was kept under zero field for different waiting times (¢,) at
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measuring temperature. Then M(¢) data were collected with a small field (30
Oe).

AC Susceptibility, Heat capacity and Resistivity. AC susceptibility,
resistivity and heat capacity measurements were conducted with a Quantum
Design Physical Property Measurement System (PPMS). AC susceptibility was
measured under a zero DC background field with amplitude of 6 Oe for
different frequencies. Heat capacity measurements were collected on a sintered
pellet mounted with Apiezon grease. Resistance measurements were performed
with standard four-probe technique.

Energy dispersive X-ray spectroscopy (EDX). Chemical composition
analysis was performed on a commercial scanning electron microscope (SEM)

with energy dispersive X-ray spectroscopy.

Results
1. Y,CoRuOg
Crystal Structure

The crystal structure of Y,CoRuO4 was determined from SPXD data at
room-temperature and from NPD data at 150, 80 and 10 K. All of the
diffraction patterns contain a small amount of Y,0; (~ 1% in weight) according
to the Rietveld refinement as shown in Figure 1(a) and S1. Y,CoRuOyg is
isostructural to La,CoRuOg with monoclinic P2,/n symmetry as shown in

Figure 1(b). The Co and Ru cations alternately occupy the octahedral sites with
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a"a b" tilting, as defined by Glazer notation.??! Refinement parameters and
structural details are listed in Table 1 and Table S1. Partial Co:Ru antisite ratios
from both SPXD and NPD analyses are 16% and 8%, respectively in Table 1.
Since SPXD and NPD were performed on different samples, we believe that
the different Co:Ru antisite ratios in Y,CoRuOg are due to batch-to-batch
variations and depend on synthesis conditions to some degree. The volume
decreases with decreasing temperature as expected due to thermal contraction.
The average octahedral tilt angle is defined as = (180-¢)/2 = 19.7°,
where ¢ is inter-octahedral Co-O-Ru angle. It shows an increased structural
distortion compared with that of La,CoRuOg (1p = 13.4°).22 The average bond
lengths of Co-O (2.053(4) A) and Ru-O (2.021(4) A) are comparable to those
of La,CoRuOg (2.068(8) A for Co-O and 1.998(8) A for Ru-0).22 Bond valence
sum (BVS) is 2.21 for Co and 3.64 for Ru, which indicate the formal oxidation
state of B-site cations as Co?" (d”) and Ru*" (d*).?* The cation oxidation states
have been corroborated by the X-ray absorption near edge spectroscopy
(XANES) studies (Figure S2 (a)-(g))

Static magnetism and magnetic structure

It should be noted that only minor and negligible divergences of physical
properties have been found among Y,CoRuO¢ samples with different Co:Ru
antisite ratios. Thus we only present results of the NPD sample (8% Co:Ru
antisite) in the sections below, for the sake of simplicity. In Figure 2(a) sharp

upturn of M(T) at about 82 K indicates a FM-like phase transition. Below T¢
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the divergence between ZFC and FC, which is suppressed by enhanced H,
indicates the presence of magnetic frustration. In Figure 2(b) the M(H) curves
also show FM-like characteristics with huge coercive fields (max H. ~ 2.5 T)
and large remnant moments (max My ~ 0.73 ug /f.u., which is close to the net
moment of the antiparallel high-spin Co?* (3 ug) and low-spin Ru** (2 up)). All
of these values shrink when the sample is warmed up.

Figure 2(a) also shows a hyperbola-like y!(7) curve that is a feature of
ferrimagnetism.?* The Curie-Weiss law of Equation (1) used for fitting the data
in a high-temperature region (300 - 400 K),

== 0

1
X
where C is the Curie constant and &is the paramagnetic temperature, yields C =
4.04 emu-K/mol/Oe, giving the paramagnetic effective moment u.; = 5.68
up/fu. and @ = -162 K. The u.s is comparable to that of La,CoRuOg4.>> The
negative & suggests dominant AFM interactions between Co?" and Ru*". To
further clarify the magnetic order in Y,CoRuOg, NPD data was collected and
analyzed.
The magnetic structure was determined from the NPD data at 10 K, where
magnetic diffraction peaks are clearly observed. All of the magnetic peaks
appear at the positions of crystallographic Bragg reflections in space group

P2,/n, corresponding to magnetic satellites defined by the propagation vector k&

= (0, 0, 0).
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The two magnetic Co atoms of the unit cell are located at Co; (72, 0, ¥2) and
Co; (0, ', 0). The refinement shows that they are magnetically coupled in the
following array: mi, = my, = 1.71(5) ug, my, = my, = 0 and m;, = my, = -1.71(5)
ug. Similarly, the magnetic moments of the Ru atoms are located at Ru; (Y%, 0,
0) and Ru, (0, %2, '2), coupled as m, = my, = -0.51(1) ug, m;, = my, = 0 and m,.
= my, = 0.51(1) ug, and oriented in the opposite direction from those of the Co
spins. The global magnetic moments at 10 K have been refined as 2.42(6) ug at
the Co positions and 0.71(2) ug at the Ru sites. Therefore, the magnetic
structure can be described as two antiparallel ferromagnetic sublattices of Co
and Ru spins stacked along [1 0 1] planes. Both antiparallel sublattices are
arranged in a global long-range ferrimagnetic structure of Co and Ru magnetic
moments. This magnetic arrangement leads to good agreement between
observed and calculated magnetic intensities (Figure S1). Table 1 and Table S1
summarize the refinement parameters and the magnetic structure is shown in
Figure 2(c). At 80 K some magnetic reflections still emerge at about 30.5 and
32.3 °, which indicate the existence of significant degree of magnetic ordering.
Dynamic magnetism
To elucidate the magnetic dynamics, AC susceptibility was measured with
various applied frequencies (f). There is only one peak observed in real (M)
and imaginary (M"") parts for each f'at about 82 K in the temperature range of 2
- 110 K, consistent with the observed 7 ~ 82 K from DC M(T). A selected

temperature region (70 - 95 K) of the M'(T) and M'(T) are plotted in Figure
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3(a). The peaks in both M'(T) and M'(T) slightly move towards higher
temperature with increasing f, for example by 0.70 K from 113 to 9613 Hz in
M'(T). The frequency dispersion is a hallmark of SG-like dynamics. The
frequency shift, K, is calculated to reflect the frequency-dependence with
Equation (2),?

K = ATy/[1sal0g ()] )
where T;1s the magnetic ordering temperature at each f. The obtained value of
K ~0.0045. However, for a canonical SG system, K ranges between 0.005 and
0.08.2 The relatively smaller K obtained here suggests that the magnetic order
in Y,CoRuOyg is much more “rigid” than that of a conventional SG.%¢

There is relaxation of magnetization with applied magnetic field in the glassy
state. Magnetization of a glassy state will respond to changes of applied field,
roughly logarithmically in time. Moreover, the relaxation is strongly dependent
on waiting-time (z,): the longer ¢,, the slower is the relaxation (i.e. aging).
Time-dependent relaxation measurements were performed according to Ref.
[27]. An external field of 10 Oe was applied after three different ¢, (300 s, 1000
s and 3000 s). Fig 3(c) and (d) illustrate strong ¢, dependence below T¢. In
Figure 3(c) the rise of magnetization is slower with increasing t,,. In Figure 3(d)
time-dependence of relaxation rate, S(t) = dM/dlogt, confirms that each
inflection point approximately occurs at ¢ = ¢, reflecting an intrinsic aging

process similar to a SG state.?’
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Specific heat measurements also evidence a trace of magnetic dynamics, a
smeared hump around 7 (Figure 3(e)). Generally, a ‘A’ shape peak is expected
for a long-range magnetic ordering transition. The smeared hump may imply a
transition from a paramagnetic- to a “loose” long-range magnetic ordered state.
At low temperature, the specific heat is only comprised of lattice and magnetic
parts (Figure S3(a)). The Debye temperature was calculated to be 381 K, a
value close to A,FeReOg (A=Ba, Ca) and LaMng 5Co(503.2%?° The absence of
electronic contribution indicates insulating behavior for Y,CoRuOyg, consistent
with result of temperature-dependent resistivity measurements (Figure S3(b)).
2. La,_ .Y .CoRuOy solid solutions

To trace back to the source of the magnetic dynamics in Y,CoRuOg,
La,,Y,CoRuOg¢ (x = 0, 0.25, 0.5, 0.75, 1, 1.25, 1.5 and 1.75) series of samples
were synthesized and investigated.

Crystal Structure

Laboratory PXD confirmed the monoclinic P2,/n symmetry of each
La,., Y,CoRuOg single phase. Lattice parameters of all the solid solutions were
analyzed by Rietveld refinements (Figure S4). The details of the refinements
are summarized in supplementary Table S2. The average Co-O and Ru-O bond
lengths are nearly independent of varying x, which suggest constant oxidation
states of Co and Ru. The significant changes of lattice volume, and ¢, the
Co-O-Ru bond angles are consistent with chemical compression by Y

substitution as evidenced in Figure 4.
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DC and AC magnetism

Sample of x = 0. Consistent with a previous report,”> La,CoRuOg shows a
sharp maximum (Neel temperature, 7Ty) at 25 K on M(7) in Figure S5(a) and
S5(b). In Figure S5(c) M'(T) shows a consistent f~independent peak at 25 K.
The M"(T) in the entire measuring temperature range is noise-like, and its
magnitude is close to zero. These behaviors indicate the presence of an AFM

transition in La,CoRuOg.

Sample of x = 0.25, 0.5 and 0.75. These three samples have similar magnetic
behavior in DC M(T) & M(H), and AC M'(T) & M'"(T) (Figures S6(a)-S6(Y)).
La;75Y(25CoRuQO¢ is discussed as a typical example: on lowering the
temperature, DC M(T) of H = 0.1 T shows divergence between ZFC and FC
(Tyr ~ 72 K), one large bump (75 ~ 45 K) on ZFC, and finally a small hump (~
17 K) on ZFC and FC respectively in Figure 5(a). Tj, and T rapidly shift
toward lower temperature with larger H, reflecting SG-like behavior. In Figure
5(b), M'(T) and M"(T) show one frequency-dependent peak at 17 K (first peak
T}, corresponding to the 17 K hump on DC y(7)) and another inconspicuous
hump around 30 K (73) which is more notable on M"(T). A broad hump around
17 K on C/T(T) indicates that 7} is a magnetic phase transition. In contrast, 7,
can only be referred as a magnetic anomaly. Among the three samples, T;
initially decreases with increasing x, and then increases a little for x = 0.75
while the loop in M(H) enlarges with increasing x, which indicates a growing

FM component (Figure S5 and S6). The frequency shift analysis with Equation
14
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(2) 1s also performed for each f~dependent magnetic transition. For transitions
which are indistinct on M'(7), e.g. T| of La; 55Y(75CoRuQg, the corresponding
peak-shifts on M"(T) are used for the fit.3! Table S3 summarizes all the
transition temperatures and corresponding characteristic parameters. When x <
0.75, K monotonically increases with increasing x.

Sample of x = 1, 1.25, 1.5 and 1.75. For each compound with x > 1, SG-like
behavior, namely H-dependent T;, and T, still appear on DC M(T) (Figures
S7(a)-S7(d)). The loops in M(H) steadily saturate with increasing x as shown in
Figure S7(e). M'(T) of LaysYsCoRuQg is plotted in Figure S7(e) as a typical
example. The AC susceptibility shows only a single cusp (7;), which is also
f-dependent and observed for each sample. The transition temperature increases
with increasing x, while the magnitude of f-dependence decreases with
increasing x. All the K calculated with Equation (2) are tabulated in Table S3.
The decreasing K indicates that the SG-like phases become increasingly rigid
and the magnetic moments in La, Y ,CoRuO¢ gradually order.

The changes in dynamics of 77 with varying x are also reflected in the
evolutions of peaks on specific heat measurements. At the magnetic transition
temperatures, a peak of the C(7) of La,CoRuOg4 degenerates into a broad hump
on La; 75Y25CoRuQ¢ and disappears with increasing Y substitution in Figure
S8(a). The trace of transition barely emerges again until x reaches 1.5 and
gradually grows with increasing x (Figure S8(b)). The smeared or disappeared

peaks on the C(7) of La,,Y,CoRuOg imply the presence of magnetic
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frustration.
Discussions
It is interesting to note that the NPD results suggest a well-defined long-range
FiM order in Y,CoRuOg while the frequency dispersion, the aging phenomena,
and the broad hump on C(7) are convincing features of SG-like dynamics.
These SG-like behaviors are partly similar to scenarios in a few materials,
whose long-range magnetic orders are labeled as ‘chaotic’,*331-33 because
frustration emerges below the transition of a long-range magnetic order. In the
reported chaotic magnetic materials the magnetic frustration is usually
attributed to crystallographic disorder.*> Particularly, the frustration in the FM
analog, La,NiMnQOg is believed to originate from partial disorder on the
B-site.* In this work it is argued that the mechanisms causing SG-like
dynamics are the random antisite disorder of the two distinct magnetic ions and
more importantly, competition between the
Co7-0O-(Ru)-O-Co|/Rut-O-(Co)-O-Ru| superexchange interactions and the
Co1-O-Ru| one. The former is well known to induce magnetic dynamics. We
emphasize the contribution of the latter, because the strength of it shows
correspondence with that of the magnetic dynamics in La,,,Y,CoRuOg¢ solid
solutions.

Figure 6 i1s the magnetic phase diagram of La,,Y,CoRuOs At x = 0,
La,CoRuOg, is an AFM semiconductor with 7y = 25 K. The Co/Ru spin

structure was described by a (2, 0, %2) propagation vector, but could not be

16



10

11

12

13

14

15

16

17

18

19

20

21

22

solved unambiguously by the propagation vector (0, 0, 0).2> On the left side of
Figure 6 increasing K with increasing x indicates rising magnetic frustration,
when the AFM order in La,CoRuOg gradually degenerates into SG-like phases
in the samples with x = 0.25, 0.5 and 0.75. On the right side, decreasing K with
increasing x indicates decreasing magnetic frustration as the SG-like phase
steadily changes into the FiM order in Y,CoRuO¢. From La,CoRuOg to
Y,CoRuOg4, the process of AFM->SG-like>FiM reveals that the
Co7-0O-(Ru)-O-Co|/Rut-O-(Co)-O-Ru| AFM superexchange interactions are
gradually overcome by the Co7T-O-Ru] one. The lattice compression bends the
bond angles of Co-O-Ru and consequently favors the Co7-O-Ru| pathway,
similar to what is observed in (Sr,Ca),CoOsOg compounds.!'* The increasing
Co7-0O-Ru] superexchange gradually defeats the AFM order in La,_, Y, CoRuOg
and eventually forms FiM order in Y,CoRuOg4. The competition between
Co7-O-Ru] superexchange and Cof7-O-(Ru)-O-Co|/Rut-O-(Co)-O-Ru|
interactions generates SG-like phases in La,_, Y, CoRuOg, when the two types of
superexchange interactions are comparable. Moving to the right side of Figure
6, the decreasing K values indicate diminished magnetic dynamics, which is not
strong enough to disrupt the long-range ordered state in Y,CoRuQOg, similar to
that of the dynamic ferromagnet Ndg;Sro3MnQ;.3> Considering the
frequency-independent nature of a canonical long-range magnetic order, the
smaller K characterizes Y,CoRuOg close to a static magnetic state. This

conclusion is consistent with the NPD results.
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Conclusions

In summary, the magnetic state of Y,CoRuOg is intermediate between a
canonical spin glass and long-range ferrimagnetic phase, but much closer to the
latter. The combination of B-sites disorder with inherent magnetic competition
generates the dynamic magnetic properties. Y,CoRuOg presents a rarely
observed route to reach magnetic dynamics rather than complete
crystallographic disorder or geometrical frustration. The samples of
La,,Y,CoRuO¢ with x = 0.25, 1.5 and 1.75 are probably similar to Y,CoRuOg
with long-range magnetic orders and magnetic dynamics simultaneously. This
of course requires further study from neutron diffraction. In addition,
La,,Y,CoRuOg¢ presents a paradigm with abundant magnetic phases and the
entire solid solution offers an opportunity to tailor magnetic properties.
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Figure 2 (a) Left y-axis corresponds to temperature dependence of DC
magnetization with /= 0.1 and 7 T and right one to inverse susceptibility with
H = 0.1 T. (b) Field dependence of DC magnetization measured at various
temperatures. (c) The magnetic structure of Y,CoRuOg at 10 K. The spin
directions are [1 0 -1] for Co spins (green) and [-1 0 1] for Ru (blue) spins.
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Figure 3 (a) Real and imaginary parts of ac susceptibility of Y,CoRuOq
measured with several frequencies. (b) Frequency-dependence of transition
temperature of Y,CoRuOg.(c) Isothermal magnetization of Y,CoRuOg at 7'= 60
K and H = 10 Oe. (d) Corresponding relaxation rates S(¢). (¢) Temperature
dependence of specific heat of Y,CoRuOg at H = 0 T. Black arrow corresponds
to the transition temperature.
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1 Figure 6
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Figure 6 Magnetic phase diagram of La,,Y,CoRuO¢. The black symbols are
transition temperatures of La, Y, CoRuOg (square for 7y of x = 0, diamonds for
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1 Table1

2 Table 1 Select structural parameters as determined from Rietveld refinements.

3 The " represents data from NPD and the # represents data from SPXD.

parameters Y,CoRuO4-300 K* | Y,CoRuO4-150 K* | Y,CoRuOg-10 K*
a/A 5.2658(1) 5.2576(3) 5.2545(2)
b/A 5.7107(1) 5.7121(3) 5.7112(3)
c/A 7.5583(1) 7.5376(4) 7.5306(4)
B 90.033(1) 90.099(1) 90.036(1)
wt% of Y,0; 1.2 N/A N/A

Rwp (%) 10.07 7.17 6.34
Co-Ru anti-site | 16.4(4)% 8(1)% 8(1)%
Co-01 (x2) 2.066(4) 2.080(9) 2.068(8)
Co-02 (x2) 2.045(4) 2.068(9) 2.075(9)
Co-03 (x2) 2.050(4) 2.040(11) 2.020(11)
BVS-Co 2.21 N/A N/A
Ru-O1 (x2) 2.039(4) 2.014(9) 2.017(8)
Ru-02 (x2) 2.052(4) 2.036(9) 2.023(9)
Ru-03 (x2) 1.972(4) 1.967(11) 1.987(11)
BVS-Ru 3.64 N/A N/A
£Co-O1-Ru 142.2(2) 142.9(3) 143.5(3)
£C0-02-Ru 143.0(2) 142.1(4) 142.5(4)
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£Co0-03-Ru

139.9(2)

140.3(4)

140.0(5)
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