1544

Chem. Mater. 2004, 16, 1544—1550
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Polycrystalline LuVOj3; perovskite has been studied by neutron powder diffraction (NPD),
specific heat, and magnetization measurements. Below Ty ~ 107 K, LuVO;3; undergoes
magnetic ordering according to a canted antiferromagnetic structure. Neutron diffraction
data show that the magnetic structure is characterized by the propagation vector k = 0 and
the spin arrangement for the V atoms below Ty is given by the basis vector (0,Ay,F;). The
magnetic structure remains stable down to 2 K and the ferromagnetic component is very
weak, in good agreement with the magnetic measurements. The ordered magnetic moment
at T = 2.4 Kfor the V atoms is 1.33(6)us. A few degrees below Ty, a crystallographic transition
is observed, from the orthorhombic room-temperature structure (Pnma space group) to
monoclinic (P2;/n space group) below the transition. The changes in the crystallographic
structure occur between 94 and 82 K. Despite the fact that below 82 K there are two sites
for the V atoms, the arrangement of the V—0O bonding lengths is the same in the y = 0
plane and in the y = %/, layer, so the (010) planes are in phase along the b-direction. This
suggests an in-phase orbital ordering of the V t,4 orbitals compatible with the A-type magnetic

structure.

Introduction

The transition metal oxides RVO;3 (R = rare-earth and
Y) present a distorted orthorhombic perovskite structure
of GdFeOs3 type at room temperature.l~ In the Pnma
space group description (the long axis parallel to the
b-direction), the orthorhombic lattice parameters are
related to the ideal lattice parameter of the cubic
perovskite, a,, as a ~ ¢ ~ +/2a, and b ~ 2a,,.

The first studies carried out on these compounds
concerning their magnetic behavior and spin arrange-
ment revealed that the V3 ions order according to a
canted antiferromagnetic structure with a Ty ranging
from 137 K for LaVO; to 101 K for LuVvVO3.5~° Below
the ordering temperature, the spin arrangement is of
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G-type for the lighter rare-earths (La—Nd) and A-type
for the heavier ones (Ho—Lu and Y) (Pnma setting). The
coupling of the magnetic moments in the (010) planes
is antiferromagnetic both for the G-type and for the
A-type; however, the coupling between the (010) layers
along the b crystallographic direction is ferromagnetic
for the G-type and antiferromagnetic for the A-type.
The discovery of a peculiar phenomenon, known as
anomalous diamagnetism, in LaVOg3,%~12 enormously
renewed the interest in these compounds, in particular
in the perovskites with lighter rare earths. These works
revealed that this novel phenomenon is also present in
another members of the family, as CeVO3 and YVO3.13715
The anomalous diamagnetism consists of a reversal of
the weak ferromagnetic component below a character-
istic temperature Ty, some degrees below Ty. It has been
suggested that the reversal of the weak ferromagnetic
component is caused by a first-order magnetostrictive
transition that occurs at T due to a cooperative Jahn—
Teller distortion.’>~16 The magnetostrictive distortion
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induces a change in the crystallographic structure,
which becomes monoclinic below Ty, as it has been
shown for LaVO3,4 CeVO317718 YVO319 and YbVO3.20

In the ideal cubic perovskite, the crystal field associ-
ated with the VOg octahedra splits the V 3d? orbitals,
giving a tggeg electronic configuration for the V3+ ions,
with a 3-fold orbital degeneracy for the tyy level. The
orthorhombic distortion splits the tgg orbitals into a
doublet and a singlet. At room temperature, the RVOs3;
compounds present an O-type distortion with b/(cv/2)
> 1, which implies that the ground state is the doublet;
however, below T, and for the lighter members of the
series, the distortion becomes O'-type with b/(cv/2) < 1,
and the ground state is the singlet. A lot of attention
has been paid to the interplay between the tyg orbital
ordering and the lattice distortion, in particular, in
LaVO; CeVOs and YVO03.171921-22 EFrom a crystal-
lographic point of view, the Jahn—Teller distortion of
the VOg octahedra and the changes in the orbital
ordering are inferred from the local arrangement of the
V-0 distances in the (010) planes. At room tempera-
ture, the short and the long V—O distances alternate
along the [101] and [101] directions in the (010) planes,
and these planes present the same arrangement along
the b-direction (they are “in phase”). This orbital order-
ing is compatible with the A-type magnetic ordering
(Pnma setting). Below Ty, two different sites for the V
atoms appear, and the arrangement of the V—0O dis-
tances in the (010) layers can vary along the b-direction
(“out of phase”), which is compatible with a G-type
magnetic ordering. In all the compounds of the family
for which this point has been analyzed, there is a
coherence between the magnetic ordering and the type
of orbital ordering. This seems to indicate that the type
of orbital ordering determines the antiferromagnetic
structure. YVOg; represents the transition between both
situations. Below Ty = 118 K, a G-type magnetic
structure is found, compatible with the out-of-phase
arrangement of the V—0O bonding distances found in the
successive (010) planes along the b-direction. Below Ts
~ 77 K a transition to an in-phase orbital ordering takes
place in good agreement with the A-type magnetic
structure found below this temperature?® (Pnma set-
ting).

To complete this picture, in this paper we present a
detailed study on the last member of the series, LUuVOs.
The evolution of both the crystallographic and the
magnetic structure is analyzed from neutron powder
diffraction (NPD) data. The NPD measurements are
complemented by susceptibility and specific heat mac-
roscopic measurements.
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Figure 1. Thermal evolution of the susceptibility measured
under a 0.5 kOe magnetic field, in zero field-cooling (ZFC) and
field-cooling (FC) conditions. Inset: Thermal evolution of the
inverse of the susceptibility (FC) for 120 < T < 300 K.

Experimental Section

LuVO; perovskite was prepared in polycrystalline form by
reduction of the LuVO, precursor, previously obtained by solid
sate reactions. Stoichiometric amounts of analytical grade
Lu,0O3 and NH4VO3; were ground and heated at 1173 K for 12
h, then reground and fired at 1273 K for 12 h in air; the X-ray
diffraction diagram of the resulting powder corresponded to
pure LuVO.. The final reduction process of this material was
performed at 1433 K for 12 h in a Hz/N; (15%/85%) flow.

The DC susceptibility measurements were performed in a
commercial SQUID magnetometer. The zero-field cooling
(ZFC) susceptibility curve was obtained in the temperature
interval 1.9 < T <200 K, and the field-cooling (FC) curve was
obtained for 5 < T <300 K; in both cases, a 0.5 kOe magnetic
field was applied. The specific heat measurements were carried
out in a semiadabatic He calorimeter with a *He insert, using
the heat-pulsed method for temperatures going from 0.5 to 275
K under a zero magnetic field. It was measured in a pellet
sintered at 1433 K in a Hy/N, flow. To determine the lattice
contribution to the specific heat, the heat capacity for the
isostructural and nonmagnetic LaScO; perovskite was also
measured for 1.8 < T <164.8 K.

High-resolution NPD patterns were acquired at room tem-
perature and at T = 2 K at the D2B diffractometer of the
Institut Laue-Langevin in Grenoble (France), with a wave-
length of 1.594 A. A set of NPD patterns was also dynamically
collected in the temperature range 2.3 < T < 183.7 K with a
wavelength 1 = 2.524 A in the D1B diffractometer, and for
2.9 < T < 295.8 K with A = 1.305 A at the high-flux D20
diffractometer. The NPD data with A = 2.524 A were used to
study the magnetic structure and its thermal evolution. The
NPD data collected with A = 1.305 A were used to analyze the
changes in the crystallographic structure. The neutron dif-
fraction data were analyzed by the Rietveld method,?* using
the FULLPROF program.?® In the refinement, the profile was
simulated by a pseudo-Voigt function and the background was
fitted with a fifth-degree polynomial function.

Results

Magnetic Measurements. The zero field-cooling
(ZFC) and the field-cooling (FC) susceptibility curves are
presented in Figure 1. On decreasing temperature, the
ZFC curve exhibits an anomaly below 110 K, and after
showing a maximum at around Ty ~ 107 K, the
susceptibility decreases, indicating the appearance of
a magnetic order. The FC susceptibility separates from
the ZFC curve behavior below Ty, in good agreement
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Table 1. Lattice Parameters for LuVO;
space group a(A) c(A) a(®) vol(A3)
RT Pnma 5.5607(2) 7.5344(2) 5.2153(2) 218.502(11)
T=2K P2)/n11 5.54335(11) 7.51125(15) 5.21723(10) 89.993(4) 217.232(7)
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Figure 2. Temperature dependence of the specific heat
without magnetic field for LuvVO3; and for a reference sample

of LaScOs. Inset: Magnetic contribution to the specific heat
in LuVOs.

with the onset of a magnetic order. It exhibits an
important increase below Ty. Above the ordering tem-
perature, the susceptibility suffers a significant change
in the slope at around Too ~ 190 K (inset in Figure 1),
and in the temperature range 240 < T < 300 K the
inverse of the susceptibility seems to vary linearly with
temperature. In this temperature interval, and in a first
approximation, the susceptibility has been fitted ac-
cording to the Curie—Weiss law. The fit gives a para-
magnetic temperature ®p = —276(1) K and an effective
magnetic moment uers = 3.3(1) ug. This value is slightly
above the theoretical one for the V3" ions, ue(V3) =
2.83 ug (spin only, S = 1).

Specific Heat Measurements. In Figure 2, the
specific heat is plotted as Cp versus T. On decreasing
the temperature, a first anomaly is observed at around
Too ~ 190 K, which, as will be discussed later, is linked
to the appearance of an orbital ordering in LUuVO3. On
the other hand, a sharp increase of the heat capacity is
observed at around Ty, in good agreement with the
susceptibility measurements. However, the anomaly
spreads down to 80 K, as will be shown in the NPD data,
because a crystallographic transition appears a few
degrees below Ty, which does not clearly appear sepa-
rated from the magnetic transition in the specific heat
curve.

The contribution to the specific heat coming from the
lattice vibrations has been estimated from the specific
heat of the nonmagnetic and isostructural compound
LaScOs, measured in the temperature interval 1.8 < T
< 164.8 K (see Figure 2). It is assumed that the lattice
contribution to the specific heat in LuVOs; is the same
as in LaScO3. Thus, the magnetic contribution to the
specific heat in LuVO3; can be estimated by a simple
subtraction of both curves. The magnetic contribution
calculated in this way is plotted in the inset of Figure
2. In the curve, only an anomaly appears at around Ty.
The entropy change that takes place below the ordering
temperature can be evaluated from the curve of the
magnetic specific heat through the expression [(Cmagn/
T)dT. In the temperature interval 2 < T <144 K, the

Table 2. Structural Parameters Obtained from the
Rietveld Refinement of the NPD Patterns with 4 = 1.594
A

RT T=2K
atom position (Pnma) (P21/n11)
Lu X 0.0709(3) 0.0738(2)
y 0.25 0.2507(5)
z 0.9791(3) 0.9761(2)
B(A?) 0.42(3) 0.19(2)
V1 X 0.50 0.50
y 0.00 0.00
z 0.00 0.00
B(A?) 0.4 0.20
V2 X 0.00
y 0.00
z 0.50
B(A2) 0.20
01 X 0.4546(4) 0.4562(2)
y 0.25 0.2503(6)
z 0.1194(4) 0.1217(3)
B(A2) 0.55(4) 0.43(3)
02 X 0.3071(3) 0.2985(9)
y 0.0603(2) 0.0600(5)
z 0.6888(3) 0.6811(7)
B(A2) 0.59(2) 0.22(6)
03 X 0.1937(10)
y 0.9379(5)
z 0.1881(7)
B(A2) 0.60(7)
discrep. factors Rp 3.4% 3.3%
Rwp 4.3% 4.2%
RBragg 4.0% 3.9%
22 1.1 1.7

corresponding entropy change is AS = 6.41 J/mol K. On
taking into consideration that the ground state of the
V3t jons is 3F;,, and as the magnetic moment is only
given by the spin S = 1, the calculated entropy change
is AS = RLn(2S + 1) = RLn(3) = 9.13 J/mol-K.
Therefore, the experimental entropy change represents
about 70% of the theoretical one.

Neutron Diffraction Measurements. Crystallo-
graphic Structure. A high-resolution NPD pattern ac-
quired with a wavelength 2 = 1.594 A was used for the
refinement of the crystallographic structure at room
temperature (RT). All the reflections of the pattern could
be indexed by using the orthorhombic space group Pnma
and with the lattice parameters shown in Table 1. The
atomic positions and some selected atomic distances of
the RT crystal structure are listed in Tables 2 and 3,
respectively. The goodness of the fit is displayed in
Figure 3a, showing the experimental and calculated
NPD profiles after the Rietveld refinement.

For the analysis of the thermal evolution of the
crystallographic structure, a set of sequential NPD
patterns collected in the temperature range 2.9 < T <
295.8 K with 1 = 1.305 A were taken into consideration.
On decreasing the temperature below Ty, between 94
and 82 K, some changes are observed on the Bragg
reflections that suggest a crystallographic transition.
These changes can be explained by a symmetry lowering
from orthorhombic to monoclinic. This is illustrated in
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Table 3. Selected Inter-Atomic Distances (in A)2

RT (Pnma) T=2K({P2:/n11)

Lu—-01 2.255(3) 2.252(2)

Lu—-01 2.192(3) 2.198(2)

Lu—-02 (x2) 2.2227(2) 2.241(5)

Lu—-02 (x2) 2.462(2) 2.444(5)

Lu—-02 (x2) 2.669(2) 2.654(5)

Lu—03 2.223(5)

Lu—03 2.428(5)

Lu—03 2.680(5)

<Lu—0> 2.3953(7) 2.390(5)

V-01 (x2) 1.9998(6) V1-01 (x2) 1.999(4)

V—-02 (x2) 1.9978(14) V1-03 (x2) 2.016(5)

V—-02' (x2) 2.0230(15) V1-02 (x2) 2.054(4)
V2-01 (x2) 1.995(4)
V2—-03 (x2) 2.005(4)
V2—-02 (x2) 1.958(5)

<V-0> 2.0069(5) 2.004(5)

aVl1is at (1/,,0,0) and V2 is at (0,0,%5).
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Figure 3. Observed (solid circles), calculated (solid line), and
difference (bottom line) NPD patterns: (a) NPD at room
temperature and (b) NPD pattern at T = 2 K. The first row of
tic marks corresponds to the Bragg reflections of LuVOs;, and
the second row (in (b)) corresponds to the magnetic peaks.

Figure 4. Thermal variation of the nuclear peaks located in
the angular range 31.8 < 20 < 33.6.

Figure 4, where the thermal variation of the nuclear
peaks located in the angular range 31.8 < 20 < 33.6 is
given. The (211) Bragg reflection (Pnma) undergoes an
enlargement below 94 K, which is due to the appearance
of the (211) Bragg reflection upon the transition to
monoclinic symmetry.
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The refinement of the monoclinic structure was
performed from a NPD pattern collected at 2 K with 4
= 1.594 A. The pattern was fitted with the P2./n (Cgh)
monoclinic space group (the 2-fold axis parallel to a) and
the spin arrangement obtained in the magnetic struc-
ture resolution was also taken into consideration. The
good agreement between the calculated and experimen-
tal patterns is shown in Figure 3b. The lattice param-
eters and the atomic positions obtained in the fitting
are shown in Tables 1 and 2. In the P2;/n phase there
are two crystallographically independent V positions (V1
and V2), as well as 3 types of nonequivalent oxygen
atoms (01, O2, and O3) all in general positions. The a
parameter that reflects the low-temperature monoclinic
distortion (89.993(4)°) slightly deviates from 90°, what
indicates a strongly pseudo-orthorhombic unit cell.

The thermal evolution of the lattice parameters in the
temperature range 2.9 < T < 295.8 K is shown in Figure
5. Important changes are observed between 80 and 110
K, coinciding with the phase transition below Tyn. The
b and c parameters undergo a sudden increase between
80 and 90 K, whereas the a parameter experiences an
important contraction near the crystallographic transi-
tion. On the other hand, on decreasing temperature
below 190 K, and coinciding with the anomaly observed
in the specific heat curve, there is a noticeable anomaly
in the thermal variation of the lattice parameters.
Another important feature of the RVO3; compounds is
the type of the orthorhombic distortion that is defined
by the ratio b/(cv/2). According to the inset of Figure 5,
b/(cv/2) > 1 for all the temperature range, as corre-
sponding to a O-type distortion. However, the ratio
continuously decreases below 190 K and reaches a
plateau below 90 K.

The thermal evolution of the V-0 bond lengths, char-
acteristic of the VOg octahedra, is plotted in Figure 6.
Below 94.3 K the P2;/n monoclinic space group has been
considered, and the V—O distances represented in Fig-
ure 6 are an average of the corresponding V1-0O and
V2—0 distances. The most important changes take place
in the V—O distances placed in the ac plane. First, at
around 190 K the V-0 distances in the ac plane, which
are similar to the V-0 distance along b, start to sep-
arate from one another. This implies a change in the
distortion of the VOg octahedra, which can indicate a
change in the orbital ordering, in good agreement with
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the anomalies observed in the susceptibility and in the
specific heat. On the other hand, the V-0 distances in
the ac plane drastically change between 80 and 110 K,
with the longest V—O distance becoming the shortest
one, and vice-versa.

Finally, concerning the V—0 distances in the ac plane
in the monoclinic phase, it is important to point out that,
despite the existence of two sites for the V atoms, the
arrangement of the V—0O distances in the y = 0 plane
is “in phase” with the arrangement of the distances in
the y = 1/, plane. This can be seen in Figure 7, where
the distances calculated at T = 2 K are represented.

Magnetic Structure Resolution. The magnetic struc-
ture was analyzed from the NPD patterns acquired in
the temperature range 2.3 < T < 183.7 Kwith 1 = 2.524
A. On decreasing temperature below 109 K, some Bragg
reflections forbidden by the Pnma space group start to
be observed, as the (110) reflection. Also, the intensity
of other weak reflections, as (011), undergo an important
increase (Figure 8). This indicates the onset of a magne-
tic ordering, in good agreement with the susceptibility
and specific heat measurements. The magnetic struc-
ture is characterized by the propagation vector k = 0,
and the only magnetic reflections observed are those
with K =2n + 1 and h + 1 = 2n + 1. Below Ty, the
intensities of the magnetic reflections monotonically
increase and they seem to reach saturation at low tem-
perature, therefore the magnetic structure remains
stable up to 2 K.

T(K)

Figure 8. Thermal variation of the magnetic peaks (110) and
(01—-1)+(011) (P2:/n space group). The reflections are (110) and
(011), respectively, in the Pnma space group.
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Figure 9. Observed (solid circles), calculated (solid line), and

difference (bottom line) NPD patterns for T = 2.4 K. The first

row of tic marks corresponds to the Bragg reflections of LuVO;
and the second row corresponds to the magnetic peaks.

100

For the resolution of the magnetic structure, we have
considered those solutions compatible with the sym-
metry of the space group. For k = 0 and for the Pnma
space group the solutions are given in ref 26. For the
P2i/n space group, only those solutions with equal
magnetic moment for the two vanadium sites, V1 and
V2, have been taken into consideration.'8 Let us point
out that, in the magnetic structure resolution, the
crystallographic structure has been considered orthor-
hombic in the temperature range 94.3 < T < 107 K and
monoclinic for T < 94.3 K. After checking the different
solutions, the one leading to the lowest discrepancy
factors between calculated and observed magnetic in-
tensities is (0,Ay,F;) (Pnma setting). For the Ay vector
the relationships among the magnetic moments is my
= —myy = —M3y = Myy and for the F, vector my, = my,
= m3; = my,. The notation for the V atoms is 1 (0,0,1/,),
2(1/,,0,0), 3(0,%,,1,), and 4(*/2,/,,0). The experimental
and calculated patterns after the full refinement of the
magnetic structure at T = 2.4 K are compared in Figure

(26) Mufoz, A.; Alonso, J. A.; Martinez-Lope, M. J.; Garcia-Mufioz,
J. L.; Fernandez-Diaz, M. T. J. Phys. Condens. Matter 2000, 12, 1361.
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Figure 11. View of the magnetic structure of LuVOs. For the
sake of clarity, only V atoms are represented.

Table 4. Results from the Magnetic Structure
Determination Corresponding to T = 2.4 K

3+
solution (0,Ay,F,)
values(us) (0,1.32(4),—0.1(3))
Im| (ug) 1.33(6)

discrep. factors Rg(nuclear) = 3.2

Rg(magnet.) = 2.4

y2=22
9. As it is displayed in Table 4, the refined magnetic
momentat T = 2.4 K is 1.33(6) ug. Let us point out that
the ferromagnetic component is negligible: for instance,
the ferromagnetic component is —0.1(3) ug at T = 2.4
K, which confirms the presence of a weak ferromag-
netism in this compound. The thermal evolution of the
magnetic moment is presented in Figure 10. A sketch
of the magnetic structure is presented in Figure 11: if
only the component along the b-direction is considered,
the solution implies an antiferromagnetic coupling of
the magnetic moments in the (010) planes, which are
also antiferromagnetically coupled along the b-direction.

Discussion

The magnetic measurements have confirmed that
LuVO3; presents a magnetic ordering with Ty ~ 107 K.
The study of the magnetic structure from neutron
diffraction data has shown that the spin arrangement
for the V atoms below Ty is given by the basis vector
(0,Ay,F,) (Pnma setting, ref 27). The magnetic structure
remains stable down to 2 K and the ferromagnetic
component is very weak, in good agreement with the
presence of a weak ferromagnetism effect observed in
the magnetic measurements. The magnetic moment at
T = 2.4 K for the V atoms is 1.33(6)ug, therefore the
electronic configuration is 3d?, as expected for the
vanadium ions with a +3 oxidation state.
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The study of the evolution of the crystallographic
structure has shown that it is orthorhombic at room
temperature, Pnma space group, but it becomes mono-
clinic at low temperature, P2;/n11 space group. Accord-
ing to the NPD data, the crystallographic transition
takes place below the ordering temperature, and al-
though it is difficult to give a precise value for the
transition temperature, the structural rearrangement
occurs between 94 and 82 K. Despite that below 82 K
there are two sites for the V atoms, the arrangement of
the V-0 bonding lengths is the same in the y = 0 and
y = 1/, planes, thus the (010) planes are in phase along
the b-direction. On the other hand, in all the tempera-
ture range the ratio b/(~/2c) > 1 is kept, which corre-
sponds to a O-type distortion. In this case, the tgg
electronic configuration adopted by the d? electrons
splits into a singlet and a doublet because of the crystal
field effects, and the ground state is the doublet.’®

It is worthwhile comparing the spin arrangement
found in the lighter RVO3; compounds, as in CeVOs,
(Fx,0,G;) (Pnma setting), with the spin arrangement of
the heavier ones, as in LuVQOg, (0,Ay,F;). As in both cases
the ferromagnetic component is weak (Fx and F,,
respectively), both types of magnetic ordering can be
named as G-type and A-type, respectively. In both
situations, the magnetic moments exhibit an antiferro-
magnetic arrangement within the (010) plane; in the
G-type the (010) planes are ferromagnetically coupled
along the b-direction, whereas for the A-type the coup-
ling between adjacent planes is antiferromagnetic. This
is related to the particular arrangement of the V-0
bonds: in the lighter RVO3; compounds, the arrange-
ment of the V—0 bonding lengths inthey =0andy =
1/, plane is different, which yields to an out-of-phase
orbital ordering. In contrast, in the heavier compounds
the arrangement of the V—0 bonding lengths is similar
in both planes, giving rise to an in-phase orbital
ordering. Therefore, an in-phase orbital ordering seems
to favor an antiferromagnetic coupling of the moments
between the (010) planes along b, whereas an out-of-
phase orbital ordering implies a ferromagnetic coupling
of the (010) planes.

It has been predicted that a larger degree of octahe-
dral tilting stabilizes the in-phase orbital ordering,??
whereas the contrary stabilizes the out-of-phase orbital
ordering. This trend is also observed in LuVOs, which
shows the largest degree of octahedral tilting of the
whole series. The average <V—0O—V> angle at RT is
142.2° in LuVOg, slightly more bent than that observed
in YbVOj3 of 142.5°.20 As we have seen before, the A-type
is concomitant with an in-phase orbital ordering, as
observed in LuVOs.

On the other hand, for the lighter compounds, below
the crystallographic transition, the distortion is O'-type
with b/(v/2c) < 1, and the ground state corresponding
to the levels in which the tﬁge;J level splits, is the

(27) The equivalence between the basis vectors given in the Pbnm
(long axis along c) and Pnma (long axis along b) settings is obtained
after the following considerations. First, the relationship between the
lattice parameters (a',b’,c') (Pbnm) and (a, b, ¢) (Pnma) is a'—c; b'—a;
¢'—b. Second, the relationship between the atoms notation (Pbnm—
Pnma) is 1'(*2, 0, 0)—1(0, 0, ¥s); 2'(*-, O, Y2)—3(0, Yo, s); 3'(0, Yy,
1/5)—4(15, Y5, 0); 4'(0, Yo, 0)—2(%/2, 0, 0). Therefore, the correspondence
between the basis vectors is (A,,G},,C;) — (AxGy,Cs); (Fy.C}.Gy) —
(GuAWF2); (CFyAL) — (FCyhGa)i (GleuAy Fl) — (CaFyAn).
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singlet.’® This means that the occupied orbitals in the
(010) planes for the lighter compounds are different with
respect to those in the heavier ones. It would mean that
the anisotropic terms of the exchange interaction are
different in both cases, which would yield to an orienta-
tion of the magnetic moments along different directions.

In the specific heat curve, besides the anomaly
observed at the temperature for which the magnetic
ordering appears, Ty, another anomaly is observed at
around Too &~ 190 that is associated with the stabiliza-
tion of an in-phase orbital ordering. The appearance of
an orbital ordering is usually inferred from the presence
of a Jahn—Teller ordered state. At room temperature,
the difference between the two shortest V—O distances
in the VOg octahedra is around 0.002 A, whereas the
difference between the shortest and longest distances
is around 0.03 A. Let us point out that this is a small
distortion in comparison with the Jahn—Teller effect
observed in an eé orbitally ordered system such as
LaMnOs (~0.27 A).28 In LuVOs, the difference between
the shortest V—O distances starts to increase below 190
K, which implies a greater distortion of the VOg
octahedra. The increase of the Jahn—Teller distortion
denotes the establishment of the ty4 orbitals ordering.

Conclusions

The magnetization and specific heat measurements
have confirmed that LuVO3; undergoes an antiferromag-
netic ordering below Ty ~ 107 K. The susceptibility
measurements give evidence for the presence of a weak
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ferromagnetism effect. According to the NPD data,
below Ty LuVO3; presents a magnetic structure char-
acterized by the propagation vector k = 0, with a spin
arrangement for the V atoms given by the basis vectors
(0,Ay,F;). The magnetic structure remains stable down
to 2 K and the ferromagnetic component is very weak,
in good agreement with the susceptibility measure-
ments. The refined ordered magnetic moment at T =
2.4 K for the V atoms is 1.33(6)us. There is a dramatic
reorganization of the unit-cell parameters a few degrees
below Ty, between 94 and 82 K, concomitant with a
crystallographic transition from orthorhombic (Pnma)
to monoclinic (P2;1/n). The in-phase arrangement of the
V—0 chemical bonds in successive ab planes suggests
an in-phase orbital ordering of the tyg orbitals, compat-
ible with the observed A-type magnetic structure. An
additional anomaly at Too &~ 190 K, observed in the
thermal evolution of the unit-cell parameters and V-0
distances as well as in the specific heat curve is
associated with the stabilization of the mentioned in-
phase orbital ordering.
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