Journal of Alloys and Compounds 1008 (2024) 176661

FI. SEVIER

Contents lists available at ScienceDirect
Journal of Alloys and Compounds

journal homepage: www.elsevier.com/locate/jalcom

JOURNAL OF

ALLOYS AND
COMPOUNDS

Magnetic ordering in the frustrated pyrochlore YbsRus07

Rocio Ruiz Bustos”, Joost van Duijn ™, Gianrico Lamura b, Pascual Manuel ¢, Samuele Sanna ¢

2 Departamento de Mecanica, Escuela Politécnica Superior de Cérdoba, Universidad de Cérdoba, Campus Universitario de Rabanales, Ctra. Madrid-Cadiz Km. 396,

Cordoba 14071, Spain

b Dipartimento di Fisica, Consiglio Nazionale delle Ricerch//CNR-SPIN, Via Dodecaneso 33, Genova 16146, Italy
¢ ISIS Neutron and Muon Source User Office, Science and Technology Facilities Council, Building R75, Rutherford Appleton Laboratory, Harwell Campus, Didcot 0X11

0QX, UK

4 Dipartimento di Fisica e Astronomia, Universita di Bologna, Via Zamboni 33, Bologna 40126, Italy

ARTICLE INFO ABSTRACT

Keywords:
Pyrochlore
Yb,Ru,0,
Magnetic ordering
Neutron diffraction
Muon spectroscopy

YbyRuz07 was studied using neutron diffraction and muon spin relaxation measurements to investigate the effect
of the Yb anisotropy and Yb-Ru exchange interaction on the magnetic ordering transitions in this material. The
Ru moments order into a long range ordered state below 85 K, while the Yb moments start to freeze/order below
20 K, which is at a higher temperature as suggested by previous reported bulk measurements. No structural
distortions are observed at the magnetic transitions. Representational analysis shows that the ordering of the Ru

and Yb moments can be described by the same irreducible representation. The two magnetic sublattices are,
however, antiferromagnetically coupled. Unlike what has been suggested by bulk measurements and has been
observed in other members of this family of Ru pyrochlores, the Yb single ion planar anisotropy, surprisingly,
does not influence the Ru moment ordering. The ordering of the Ru moments, on the other hand, does influence
freezing/ordering of the Yb moments.

1. Introduction

In materials that adopt the pyrochlore structure, general formula
AyB207, the A and B sites form a network of interpenetrating corner-
sharing tetrahedra [1]. The resultant structure is chemically very flex-
ible: A is normally a trivalent (e.g. rare earth or Y) or a divalent (e.g. Ca,
Cd or Hg) ion, while B is a tetravalent (or pentavalent) transition metal
ion. The wide range of possible compositions within this family of
compounds makes them interesting for a variety of applications such as
insulators, ion and electron conductors, superconductors, catalysts,
robust nuclear waste storage, ion exchangers, phosphors and solid-oxide
fuel cells (SOFC) cathodes [2,3]. When the A and/or B sites are occupied
by magnetic ions with antiferromagnetic (AFM) interactions frustration
occurs, giving rise to the formation of low temperature exotic phases,
such as spin glasses, spin liquids and magnetoelastic-induced order
[4-7].

Within this family of materials, the ruthenium pyrochlores, A;Ru307,
are of interest due to the variety of electronic, magnetic, and structural
properties they display. These include good electrochemical behaviour,
metal-insulator and magnetic (such as spin singlet and long-range order)
transitions [8-11-14,15,16]. This variety in observed ground states is
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due, on one hand, because Ru can be either in the 4+ ot 5+ oxidation
state, and, on the other hand, because the B site can also be occupied by
magnetic ions (mainly rare earth ions). This makes it one of the few
families of frustrated magnetic materials where two frustrated magnetic
sublattices exist at the same time.

In the case of the insulating compounds (A= Y, rare earth) bulk
measurements show that the Ru sublattice orders antiferromagnetically,
with a Ty that decreases almost linearly, following the lanthanide
contraction, from 160 K for Pr to 81 K for Yb [15,17]. The Ru*" ions are
in a low-spin (S = 1) state and, in the absence of a magnetic ion occu-
pying the A site, order into a long-range ordered AFM q = 0 structure
where the total spin per tetrahedron vanishes [17,18]. When the A
sublattice is occupied by magnetic rare earth ions, it has been shown that
the magnetic interactions on the A sublattice are an order of magnitude
lower compared to that of the Ru sublattice [16,19]. For the members
whose magnetic structures have been determined the following
behavior has been observed [20-23].

In ErpRus07 and HosRuy07, the A/Ru sublattices order in a planar
structure and spin ice-like state respectively. In NdaRu07, on the other
hand, the Ru sublattice orders similarly to Y,Rup07, followed by a
canting of the Ru moments at 21 K, and finally, ordering of the Nd
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sublattice in a all-in-all-out structure. Finally, in TboRuyO7, the Ru
sublattice orders similarly to YoRu07, resulting in a polarization of the
Tb sublattice, which subsequently orders below 3.5 K. The ordering of
the Tb sublattice at low temperature still needs to be determined.
These results demonstrate that the ordering of the two sublattices is
very sensitive to the A-Ru exchange interaction and the rare earth
anisotropy. To further expand on this, we have investigated the mag-
netic ordering of YboRu»07, where Yb has a planar single-ion anisotropy,
by neutron diffraction and muon spin relaxation. Bulk measurements
reveal that the Ru sublattice orders at 85 K, followed by a gradual
ordering of the Yb sublattice below 8 K [17,24]. Our study reveals that
the ordering of both the Ru and Yb sublattices is similar to that observed
in YoRu»07 and that the Yb sublattice begins to freeze/order below 20 K,
a much higher temperature than suggested by bulk measurements.
These results show that, unlike what has been observed in the other
members of this family, the Yb single-ion planar anisotropy, does not
influence the Ru moment ordering. The ordering of the Ru moments,
however, does influence freezing/ordering of the Yb moments.

2. Experimental methods

A powdered sample of YbyRupO; was synthesized using the solid-
state reaction method. Mixtures of YbyO3 and RuO,, in proper molar
ratios, were intimately mixed (using a planetary ball-mill), pressed into
pellets, and reacted at 1200 °C in air with intermediate grindings. The
sample was characterized by powder X-ray diffraction, using a Philips
"Xpert Pro diffractometer with a copper source and incident beam
monochromator. These measurements showed that the sample adopts
the cubic pyrochlore structure and contained 5.7(1.4) wt% of unreacted
Yb203.

High resolution neutron powder diffraction experiments were per-
formed using the WISH diffractometer at the ISIS Neutron and Muon
Source, Rutherford Appleton Laboratory, STFC (UK) [25]. Data were
collected, upon heating, between 1.4 K and 150 K using a He cryostat
(2.24 g of sample, 6 mm diameter V can). Rietveld analysis of the
neutron powder diffraction patterns was performed using the FULL-
PROF software package [26].

Muon spin relaxation (uSR) data were collected using the GPS
spectrometer at the Paul Sherrer Institute (Switzerland) in conditions of
zero-magnetic field (ZF). In a typical ZF-uSR experiment a beam of
positive muons 100 % spin-polarized along the beam direction is
implanted in the sample [27]. The positive muons thermalize at inter-
stitial sites where they act as sensitive probes of development of spon-
taneous magnetic ordering, precessing in the local magnetic field, B, at
the Larmor frequency w, = 27y,B,(y, = 136MHz/T). By studying the
angular distribution of the positrons emitted during the muon decay
process (muon lifetime 7, ~ 2.2us) we measure the time evolution of the
muon-spin asymmetry A(t) = AgP,(t), being A the initial muon asym-
metry and P,(t) the time dependent muon polarization.

3. Results and discussion
3.1. Neutron powder diffraction measurements

Fig. 1(a—c) show the Rietveld fits to the 150 K (T > Tn(Ru)), 70 K
(Tny(Ru) > T > Tn(Yb)) and 1.4 K (T < Tn(Yb)) high-resolution neutron
powder diffraction data collected on YboRu305. These fits confirm that
YbyRu207 adopts the cubic pyrochlore structure and that the sample
contained 5.7 wt% of unreacted Yb,Os. Fits of the crystal structure to the
data collected below Tn(Ru) revealed no evidence, within the accuracy
of our experiment, of a structural distortion associated with the mag-
netic phase transitions.

Fig. 1(d) shows the temperature dependence of the integrated in-
tensity of the (111) and (220) reflections of YboRu207. It can be seen that
below ~ 85 K there is a sudden increase in intensity of these reflections
that does not follow normal temperature dependence. An additional

Journal of Alloys and Compounds 1008 (2024) 176661

150 K ) (a)
20
10 . _
c g =
0 T T | =
TR | |
-5
—~ [10K (b)
f2]
‘=
=20
=
<
210 _ ~
z g 2
& 0 i N—
2 I N | | !
=5
(©

g \ “‘. (d g
; b .
AN 2
o / } ty, (220)

% ! Yy ' %
22 . 12
g iy g
< 0 0=
=) 12 =
= 0 60T(K) 0

Fig. 1. Neutron powder diffraction patterns of Yb,Ru07 (e) from the WISH 90°
20 detector bank collected at 150 K (a), 70 K (b) and 1.4 K (c). The solid black
lines shows the Rietveld fit of the cubic pyrochlore structure to the data. The
residual of the fits (blue line) is shown at the bottom of the plots. Upper and
lower tick marks indicate Bragg reflections coming from the crystal structure of
Yb,Ru,07 and the Yb,O3 impurity phase, respectively. (*) Reflections observed
coming from the magnetic ordering of Yb,O3 below 2.3 K. (b) Temperature
dependence of the integrated intensity of the (111) (e) and (220)
(m) reflections.

increase in intensity is observed below 20 K. Careful examination of the
Rietveld fits (Fig. 1(a—c)) reveals that this additional intensity cannot be
accounted for by nuclear contributions only (Table 1). As the magnetic
ordering temperature of the second phase YbyO3 is 2.3 K, the added
intensity observed below ~ 85 K must be due to the Ru and Yb dipole
moments in YboRuzO7 [28]. The enhanced (111) and (222) magnetic
scattering below 85 K resembles our results for Y,Ruz07 and PryRuz07,
but differs from the structures observed in HooRu,07 and EroRus07 [15,
17,18,20,21,29]. As a result, it must be due to the long-range ordering of
the Ru dipole moments. The additional increase of intensity below 20 K
is likely due to the freezing and/or ordering of the Yb sublattice in
YbyRup07. This is at a higher temperature than suggested by bulk
measurements [16,24].

As the magnetic transition observed below 85 K is second-order, we
have performed representational analysis using version 2 K of the
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Table 1

Refined structural parameters from fits to powder neutron powder diffraction
profiles of Ybo,Ru,05. Data were collected in the 90°2¢ detector bank on WISH.
The crystal structure is cubic with space group Fd3m, with Yb located on 16(d)
sites (1/2, 1/2, 1/2), Ru located on 16(c) sites (0, 0, 0), and O located on 48(f)
(01) and 8(b) (02) sites (x, 1/8,1/8) and (3/8, 3/8, 3/8), respectively. B is the
isotropic thermal factor.

T (K) 150 70 1.4

a(A) 10.0663(3) 10.0638(3) 10.0628(4)
Xo1 0.3375(3) 0.3383(2) 0.3405(3)
B(Yb) (A%) 2.0(1) 1.6(1) 0.45(9)
B(Ru) (A% 0.5(1) 0.5(1) 1.8(2)
B(01) (A% 1.4(1) 1.1(1) 0.6(1)
B(02) (A%) 0.6(2) 0.7(2) 2.0(3)

R, (%) 21.2 21.6 26.2

Ry (%) 16.8 17.2 20.0
Ruragg (%) 4.89 5.62 16.6

SARAh program to gain a more detailed understanding of the magnetic
ordering of both the Ru and Yb sublattices in YbaRuzO; [30]. The
magnetic Bragg peaks sit on top of nuclear Bragg peaks and, as such,
they can be indexed by a k = (0, 0, 0) propagation vector. For the space
group Fd3m, this means that the magnetic representation of the Ru and
Yb sublattices contains the following irreducible representations (IRs)
[30]:

Dmgg =Ty + T2+ T35 +2I73, (€}

In the Miller and Love notation I'j corresponds to mGM2+(1), I'2 to
mGM3+(2), I’} to mGM5+(3) and I'} to mGM4+(3) [31]. The related
basis vectors are listed in Table 2. We have fitted each of the IRs to the
neutron diffraction profiles collected at 70 K (Ty(Ru) > T > Tn(Yb)) and
1.4 K (T < Tn(YD)) to determine the ordering of the Ru/Yb sublattices
respectively.

Fits to the 70 K data (taking into account only an ordered Ru
moment) are shown in Fig. 2 and listed in Table 3. We can see from Fig. 2
(c) that I'; can readily be excluded. The magnetic contributions to the
calculated Bragg intensities of the (111) and (220) reflections are not
enough to allow for a good description of the data; this is especially the
case for the (111) reflection. The model also wants to introduce mag-
netic intensity on the (002) reflection, which is not observed. While I's
and I'y fit the data slightly better, Fig. 2(a) and (d) show they only allow
for magnetic intensity on the (220) or (111) reflection, respectively (in
the displayed d-range). As both reflections are observed to have mag-
netic contributions, these IRs can be excluded. In the case of I'g, similar
to 'y, the model gives intensity on the (002) reflection, which is not
observed. I's has two associated BVs, with moments either co-planar (2,
along [110]) or off-diagonal (3, along [lli]) (Fig 3(a)). Fitting both

Table 2
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Fig. 2. Rietveld fits (solid black lines) of I'; (a), I's (b), I'; (c) and I'g (d) with
ordered moments only on the Ru sublattice to the neutron powder diffraction
pattern from the WISH 90° 20 detector bank of Yb,Ru,05 (e) collected at 70 K.
The residual of the fits (blue line) is shown at the bottom of the plots. Upper,
middle and lower tick marks indicate Bragg reflections coming from the crystal,
magnetic structure of YboRu,0; and the Yb,O3 impurity phase, respectively.

Table 3

Refined magnetic parameters from fits of the individual IRs given in Equation (1)
to powder neutron diffraction profiles of Yb,Ru,0; collected at 70 K and 1.4 K.
Data were collected in the 90°20 detector bank on WISH. In the cases of I'; and I'y
only y4 and w7 + g, respectively, were fitted to the data as the other associated
BVs are related by alternative choice of lattice axis. In the case of I'; the size of
the ordered Ru moment (ug,) was fixed to 1.41 ugp at 70 K, while for the 1.4 K
data the Ru moment was fixed to that obtained from fitting the data collected at
40 K.

IR I3 I's I7 o
BV w1 V2 V3 Va v7 + s
70 K
Hru (1B) 0.94(8) 1.13(7) 1.13(7) 1.41 1.1(4)
R, (%) 21.6 21.4 21.4 22.7 21.5
Ryp (%) 17.1 17.1 17.1 17.6 17.1
Rinagn (%) 15.9 6.356 7.44 34.9 13.6
1.4K

Hru (UB) 1.30(7)
Hyb (up) 2.03(3)
R, (%) 21.1
Ruyp (%) 17.3
Runagn (%) 6.13

individually gives similar fits to the data describing all the additional
magnetic scattering observed (Fig. 2(c) shows the fit of y to the data).
While fitting y results in a slightly lower Ryagn than 3, due to powder
averaging we are unable to discriminate between the two BVs and/or
determine whether the actual magnetic structure is a linear combination

Basis vectors for the irreducible representations given in Equation (1).The Ru/Yb atoms of the non primitive basis are defined according to 1: (0, 0, 0)/(0.5, 0.5, 0.5), 2:
(0.75, 0.75, 0)/(0.25, 0.25, 0.5), 3: (0.75, 0, 0.75)/(0.25, 0.5, 0.25), and 4: (0, 0.75, 0.75)/(0.25, 0.25, 0.5).

BV components

Atom 1 Atom 2 Atom 3 Atom 4
IR BV mq my me mq my me mg my me mq my me
I w1 1 1 1 -1 -1 1 -1 1 -1 1 -1 -1
I's 1723 1 -1 0 -1 1 0 -1 -1 0 1 1 0
|78 1 1 -2 -1 -1 -2 -1 1 2 1 -1 2
Iy Wy 0 1 1 0 -1 -1 0 1 1 0 1 -1
vs 1 0 -1 1 0 1 -1 0 1 -1 0 -1
Ve -1 1 0 1 -1 0 -1 -1 0 1 1 0
Ty 724 1 1 1 1 1 -1 1 -1 1 1 -1 -1
Vs 2 -1 -1 2 -1 1 2 1 -1 2 1 1
Wy 1 1 1 1 1 -1 -1 1 -1 -1 1 1
Y10 -1 2 -1 -1 2 -1 1 2 1 1 -1
Y11 1 1 1 -1 -1 1 1 -1 1 -1 1 1
W12 -1 -1 2 1 1 2 -1 1 2 1 -1 2
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Fig. 3. (a) Alignment of the magnetic moments, according to y, and y3 of I's,
within a single tetrahedra. (b) The magnetic structure of the Ru moments (light
grey spheres, red arrows) and Yb moments (light blue spheres, black arrows) of
YboRu,0; at 1.4 K.

of the two. For this, a single-crystal diffraction experiment will be
required.

The ordering of the Ru sublattice is similar to that observed for
Y2Ru07 and PraRupO; [17,29]. In this last compound, however, the
Pr®* doublet ground state is split, rendering it non-magnetic. The or-
dered moment is, however, lower than that observed in these two ma-
terials. This seems to indicate that there is still some inherent magnetic
disorder present in the Ru sublattice of YboRuy07, at least at 70 K. One
possible explanation for this could be that the Ru ordering is a result of
an order-disorder mechanism, such as has been inferred for EryTizO7
[32,33]. The IR associated with the Ru ordering (Fig. 3(a)) does not
appear to be affected by the Yb single-ion anisotropy. This is unlike what
is found for the other magnetic rare-earth-containing Ru pyrochlores,
HosRup07; and ErpRuyOy [20,21]. As both Yb and Er have planar
anisotropy, this result is especially curious when compared to Er,Ru,0;
[34].

As the Ru sublattice orders at 85K, all the additional intensity
observed below 20 K (Fig. 1) must be a result of the Yb sublattice
ordering and/or freezing. The data could only be fitted well assuming
that both the Ru*" and Yb®>" moments order according to the IR I's
(Fig. 3(a)). As we are not able to distinguish between w5 and w3, due to
powder averaging, yo was selected to describe the ordering of the Ru
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sublattice. Fits to the 1.4 K data are shown in Fig. 4 and listed in Table 3.
A good fit to the data could only be obtained using the same BV to
describe the Yb sublattice ordering. This seems to indicate that the Ru
sublattice ordering influences that of Yb and not the other way around.
In order to fit the Yb®* moment (2.03(3) uz), the Ru*" moment (1.30(7)
up) had to be fixed to the value obtained by fitting the 40 K data. The
resultant magnetic structure is shown in Fig. 3(b). Interestingly, the Ru
and Yb sublattices are ordered antiferromagnetically compared to each
other, similar to what is observed in HooRu,07 and EroRu,07 [20,21].

3.2. Muon measurements

The time dependence of the muon asymmetry A(t) is displayed in
Fig. 5 for YbyRuy07 at selected temperatures. The data fit well to the
following equation:

A(t) = Apg +Ao{ for " 45w [COS v, Bw)ewftz/z} } @

Here, y, = 27 x 135.53 MHz/T is the muon gyromagnetic ratio. Apg is a
constant background contribution due to those muons implanted both in
the sample environment and in a small impurity fraction (see previous
section). A is the muon initial amplitude calibrated at high tempera-
ture. The terms fp and fi, distinguish the longitudinal and the transverse
fractions, which reflect the components of the internal local field B, with
respect to the muon spin with B,||S, and B, LS, respectively.

For fully magnetically ordered compounds, a simple geometric
argument for the muon fractions predicts fi = 2fy = 2/3 in poly-
crystalline samples. In the magnetically ordered phase of a poly-
crystalline sample, on average, two-thirds (one-third) of the incident
muon polarization will lie perpendicular (parallel) to the local field.
Hence, the f; component in Equation (2) reflects the muon spin pre-
cession around the local field at the muon site, B, proportional to the
staggered magnetization, by a damped oscillation function with a decay
rate equal to the second moment distribution of local fields, o;, for each i
— th magnetically in-equivalent muon site. The fy component in Equa-
tion (2) decays following a stretched exponential law that accounts for a
distribution of spin-lattice relaxation processes [35]. In the magnetic
phase, we distinguish three oscillating components, hence three u
stopping sites, with occupation probability w; (i=1,2,3) with a relative
ratio of 8:5:1, respectively.

We found that the Equation (2) describes pretty well (2 = 1) the
behavior for all our data, as shown for selected temperatures in Fig. 5.
The inset in the bottom panel of Fig. 6 displays the temperature evolu-
tion of the magnetic volume fraction, Vineg(T) = 3/2(1 — fo(T)). A fit to

6
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Fig. 4. Rietveld fits (solid black line) of I's, y» with ordered moments on both
the Ru and Yb sublattices to the neutron powder diffraction pattern from the
WISH 90° 20 detector bank of Yb,Ru»0; (e) collected at 1.4 K. The residual of
the fits (blue line) is shown at the bottom of the plots. Upper, middle and lower
tick marks indicate Bragg reflections coming from the crystal, magnetic struc-
ture of YboRu,O7 and the Yb,O3 impurity phase, respectively.(*) Reflections
observed coming from the magnetic ordering of Yb,O3 below 2.3 K, these were
not taken into account in the fit to the data.
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Yb,Ru,05. The lines are the best fit to Equation (2).
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Fig. 6. Temperature evolution of (top) internal fields at the muon implantation
sites, (middle) longitudinal relaxation rate and (bottom) stretched exponent of
Equation (2). The inset displays the magnetic volume fraction with the best fit
to an error function like (solid line), as described in the text.

an error function which assumes a Gaussian distribution of magnetic
transition temperatures allows us to determine a Ty = 83.5 £+ 0.1 K with
a distribution width of 0.9 + 0.1 K. Below Ty, the magnetic volume
approaches 100 % of the temperature dependent signal (once a small
constant signal background Ay, < 7 % of total signal Ay is subtracted,
including both muons implanted in the sample holder and in a possible
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residual paramagnetic phase). The behavior of the local magnetic fields
BL for i = 1, 2, 3, proportional to the staggered magnetization, is dis-
played as a function of temperature in the top panel of Fig. 6. The order
of magnitude of the local fields is similar to that in Yo,Ru07 [36,37].
However, the temperature dependence here strongly deviates from the
standard mean field behavior typically expected for the magnetization
in a magnetic sample.

Well below Ty, a gradual reduction of the field at the muon site is
detected, indicating an incipient crossover to a more complex magnetic
behavior, which shows a remarkable change at T* ~ 12 K. According to
the neutron data, this is related to the ordering of the Yb sublattice at T*,
with some polarization effect already occurring at higher temperatures
induced by the Ru ordering. The two magnetic transitions are also re-
flected by two peaks in the longitudinal (spin-lattice) relaxation rate
Ao displayed in the middle panel of Fig. 6 at Ty and T* ~ 12 K, respec-
tively. Above T* the local fields at the muon site B; (i=1,2,3) display
nearly the same temperature behavior, reflecting a well-defined long-
range magnetic ordering of the Yb sublattice. However below T* they
behave differently, reflecting a more complex magnetic structure on the
local scale. In particular the behavior of the stretched exponential f
becomes lower than one for T < T*.

We briefly recall that such parameter assumes a value f = 2 when
Gaussian relaxation processes take place, with the implanted muons
probing quasistatic electronic or nuclear moments with short-range
magnetic correlations. § = 1 indicates a single relaxation time for the
entire electronic spin system in the motional narrowing regime, which
here is due to fluctuations predominantly of the Yb magnetic moments
in the paramagnetic state [27]. < 1 is typical of disordered magnetic
system reflecting the presence of a non-trivial distribution of relaxation
rates, ie. a broad distribution of correlation times, due to a
site-dependent magnetic coupling [35]. Here, this behavior might be
due to the emergence of a spin-frozen or frustrated magnetic state,
concomitant with and/or competing with Yb moments ordering.

4. Conclusions

Our neutron diffraction and ySR measurements have shown that the
magnetic transitions observed in YbyRuyO7 by bulk magnetization and
specific heat measurements are due to the Ru and Yb sublattices
ordering, respectively [16,24]. The Ru sublattice orders below 85 K
according to the IR T's of space group Fd3m, similar to what has been
reported for YoRuy07 and ProRusO7 [17,29]. This is confirmed by our
uSR measurements, which exhibit similar behavior as observed for
Y2Rup07 [36,37]. The Yb sublattice begins to freeze/order below 20 K.
At 1.4 K, the Yb moments order with the same BV as that of the Ru
moments. The two sublattices, however, are antiferromagnetically
coupled. These results suggest that, unlike what was implied by bulk
measurements and has been shown for ErpRusO;, the Yb single-ion
planar anisotropy surprisingly does not influence the Ru moment
ordering [20,24]. The ordering of the Ru moments, on the other hand,
does influence the freezing/ordering of the Yb moments.
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