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New LaC00,71(1)V0_29(1)02_97(3) perovskite containing
vanadium in octahedral site: synthesis, structural and
magnetic characterization.

V.C. Fuertes’, M.C. Blanco’, D.G. Franco’, S. Ceppi‘, R.D. Sanchez’, M.T.
Fernandez-Diaz’, G. Tirao® and R.E. Carbonio®".

In the course of an investigation to prepare the hypothetic new double perovskite La;Co,VO, with Co*"
and V*' in octahedral sites we obtain the new simple perovskite LaCog.71(1)Vo0.201)02.973) as the
main phase. The pure compound has then been synthesized by the citrate decomposition
method. The crystal structure has been studied by X-ray (PXRD) and neutron powder
diffraction (PND). Physical properties were characterized by X-ray absorption spectroscopy
(XAS), X-ray emission spectroscopy (XES) and thermogravimetric measurements (TGA).
Rietveld refinements were performed in the orthorhombic space group Pnma (#62). Refined
cell parameters were a= 5.4762(2) A, b= 7.7609(2) A and c= 5.5122(1) A. Magnetization
measurements showed that this perovskite is an antiferromagnet with Neel temperature of 15
K. At high T the magnetization follows the Curie-Weiss law corrected by temperature
independent paramagnetism (TIP) showing an effective magnetic moment of 3.03 pg well
described by the contribution of Co*" (HS), Co®>" (IS), V*" and V*' ions. The crystallographic
formula was refined by PND and oxidation states distribution was determined by the
combination of PND, XAS, TGA and magnetic measurements.

ions on B-sites [5]. Presences of such mixed electronic states allow

Perovskite compounds are very interesting materials because they
show a wide variety of physical phenomena such as catalysis [1],
electronic and ionic transport [2], multiferroism [3], among others.
In this context, the perovskite structure ABO; represents an
attractive system due to its easy-to-control physical properties
derived from the diverse range of ions and oxidation states which
can be incorporated into the structure. It can accommodate almost all
elements of the periodic table on its cuboctahedral (A) and
octahedral (B) sites. The relative size of the A and B cations can
drive several distortions being the main one the tilting of the
octahedra [4]. Moreover, solid solutions may be formed by replacing
two different transition cations in crystallographic octahedral B-sites
and they can be either ordered or disordered within the structure.

The B site can be occupied by a wide variety of representative,
transition and rare earth elements. In several reports the Co
containing perovskite oxides exhibit a coexistence of Co*" and Co®"
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different magnetic interactions which contribute to the magnetic
behavior. Moreover, the Co® ions have spin state variability where
the d electrons can show: high-spin (HS) t2g4 egz, intermediate spin
aIs) tzgs eg1 or low-spin (LS) t2g6 states, although LS is not observed
in oxides since O% ion is a weak ligand. On the other hand, Co**
(HS) ion frequently shows unquenched orbital contribution in a
quasi-regular octahedral environment [6, 7], even though many
times, this ion and the rest of the transition metal ions of the first
series have spin only contribution.

Instead of the diamagnetic V" (d°) ion which rarely occupy
octahedral sites because of its very low size for such sites, the
paramagnetic V>* (d%) and V** (d") ions can occupy the octahedral
sites and contribute to the many magnetic interactions. An example
of this is the disordered perovskite La,CoV Oy, , which was reported
by Holman et al. as belonging to the orthorhombic space group
Pnma, where the oxidation states of Co and V ions are 2+ and 4+
respectively [8]. Other simple perovskite with Pnma orthorhombic
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symmetry is LnMn;V,0;, (Ln= La, Nd, Gd, Y, Lu) synthesized
under high-pressure conditions by Shimakawa et al. [9], where the
vanadium has the oxidation state 3.75+. Also mixed oxidation states
for vanadium in perovskite octahedral sites were reported for
La,MnVOg4 double perovskite [10].

Mixed valence systems are very interesting from many points of
view. It is well known that Kobayashi et al. [11] reported room
temperature  magnetoresistance in  Sr,FeMoOg in  which
ferromagnetic and half metallic behavior is due to the mixed
valences of Fe and Mo ions.

Mixed valence systems provide a unique opportunity to investigate
the contribution of solid state chemistry to electrocatalytic activity
[12]. Numerous studies may be mentioned on the use of mixed
valence compounds as electrodes in solid oxide fuel cells [13-15]. In
fact, the study of the electronic and magnetic properties of Co-based
perovskites has been intimately connected to the existence of spin-
state transitions and with the study of the presence of oxygen
vacancies, necessary for oxide ions migration through cathodes and
anodes [16, 17].

Few reports are about perovskite oxides with d' V** jons in
octahedral sites [18] and even less, those that combine Co and V
ions [8]. To the best of our knowledge, this is the first work that
presents a combination of d’ (HS) Co?", d® (IS) Co®", V*'and V*
ions in perovskite octahedral sites. Moreover if the material can
present oxygen vacancies, all these characteristics make this material
very interesting from a technological point of view (catalysis, SOFC,
ionic conductors, etc.). In the present article we describe the
synthesis, structural and magnetic characterization of the new simple
perovskite LaCoq71(1)V0291)02973). We have used powder X-ray
diffraction (PXRD) and powder neutron diffraction (PND),
magnetization vs. temperature measurements, Co ion oxidation state
determination from X-ray absorption spectroscopy (XAS), K X-ray
Emission Spectroscopy (XES) and thermogravimetric analysis
(TGA).

Materials and methods

A powdered sample of the perovskite LaCog71(1)V201y02.973) Was
prepared by citrate decomposition method. Stoichiometric amounts
of La(NO3);°6H,0, Co(NOs),*6H,0 and NH,VOs, in analytic grade,
were dissolved in a solution of citric acid 30% W/V, maintaining a
concentration ratio of citric acid/total metal concentration= 1. Small
amounts of HNO; (65% W/V) were added to facilitate reagents
dissolution.

The reaction mixture was heated under stirring until the formation of
a dark brown gel. This powder precursor was then dried for 24 h at
100 °C and subsequently heated up to 300 °C for 3 h and up to 600
°C for 20 h in air atmosphere to remove water and residual organic
compounds. Finally, the product was pressed into a pellet and heat
treated in a platinum crucible at 1400 °C for a period of 10 h under
Ar atmosphere.

The high phase purity (98.4 %, with CoO as minority phase) was
confirmed by PXRD data measured on a PANalytical X’Pert PRO
powder diffractometer (40kV, 40mA), in Bragg—Brentano reflection
geometry with CuKa radiation (A= 1.5418 A). The data were
obtained between 5° and 120° in 20 in steps of 0.02° and counting
time of 6 seconds per step. The PND pattern was collected at RT in
the D1A diffractometer at Institute Laiie-Langevin (ILL), Grenoble,
France. The wavelength was 1.910 A and the 20 range was from 0°
to 160°, with increments of 0.05°. The coherent scattering lengths for
La, V, Co and O are 0.824, -0.0382, 0.2490 and 0.5803 fm
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respectively. Despite the very low scattering length of V, since we
will be refining the position and occupation of a site which is
occupied simultaneously by Co and V, the large difference between
the neutrons scattering lengths of both elements will allow us to
refine the occupancies with confidence.

The refinement of the crystal structure was performed by the
Rietveld method [19] using the FULLPROF program [20]. A
pseudo-Voigt shape function was adequate to obtain good fits. The
polyhedral perspective of the crystal structure was plotted using the
program Vesta (version 3.1.8) [21].

XAS and Kg X-ray emission spectroscopy (XES) [22] have been
used for the determination of the oxidation states of Co ions. High-
resolution Kz XES and K edge XAS spectra of
LaCog.71(1)Vo0.201y02.973) perovskite and two cobalt compounds with
known Co oxidation states (BiLa,Co,SbOy and LaCoOs;) were
measured at the D12A-XRD1 beamline of the “Laboratorio Nacional
de Luz Sincrotron” (LNLS, Campinas, Brazil), using a non-
conventional spectrometer, based on quasi-back diffraction geometry
[22], from which it is possible to determine the Co chemical
environment by examining spectral features of the measured spectra.
The Co-Kg XES spectra were normalized to the incident intensity to
consider beam fluctuations. To calculate the spectral parameters, the
spectra were then normalized to a constant value for the maximum
and a linear background was subtracted. Two Voigt functions,
representing the KB' and K, ;3 peaks, and a EMG (Exponentially
Modified Gaussian) function, representing the radiative Auger
effects (RAE) and K, line, were fitted in order to reproduce the
peaks features [23]. With a spot size of 1.2 mm® the measured
counting rate at the main peak (Kp,; line) was around 200 and the
signal to background ratio was better than 100. The resolution of this
spectrometer was determined to be 3.1 eV for the K, ; line. For
calculation details see Ref. 22. The experimental errors of the
studied spectral parameters were determined from the fitting errors.
The XAS spectra were collected in the fluorescence mode using the
same experimental setup for XES. The analyser was positioned in
the maximum of the fluorescence spectra (K, 5 line) and the spectra
were measured only in the X-ray absorption near edge structure
(XANES) region using the Si(111) beam line monochromator. The
spectra were normalized to the edge jump and the edge position was
determined by the maximum of the first derivative [24].

The magnetic measurements were performed in a commercial
Quantum Design MPMS-5S superconducting quantum interference
device (SQUID) magnetometer on powdered samples, in the 5-300
K temperature range and magnetic fields up to 5 T.

Thermogravimetric measurements were carried out in a Shimadzu
DTG-60 Thermoanalyzer, in the 30-980 °C temperature range under
an oxidizing atmosphere (air) in order to evaluate the oxidation
states of cobalt and vanadium ions.

Results

In the course of an investigation to prepare the hypothetic new
double perovskite La;Co,VO, with Co*" and V" in octahedral sites,
samples prepared by the sol gel method between 1000 and 1400 °C
during 10 h in an Ar inert atmosphere were obtained. PXRD and
PND patterns for each sample did not show single phase of the
expected double perovskite (see Figures S1 and S2 in the
Supplementary Information). PND data analysis for the sample
allowed us to refine occupancies on all the sites of the simple
perovskite phase structure and determine its real composition. From
these results, we observed that the real stoichiometry was
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LaCog73V270; showing the possibility that a fraction of Co*" be
oxidized to Co*" (due to instability of Co®"). This simple perovskite
was mixed with minority phases LaCoQ;, V,05 and La,0;.
Subsequently, a new synthesis was undertaken to confirm the last
proposed composition. Now, appropriate amounts of reactants were
used to prepare the sol-gel precursor and fired at 1400 °C in an Ar
inert atmosphere for 10 hours.

The PXRD and PND results were refined by Rietveld analysis and
showed a good agreement with an orthorhombic cell (space group
Pnma) corresponding to a simple perovskite model.

Structural characterization

Figures 1 and 2 show PXRD and PND data at RT for
LaCOOJI(l)VO.zg(1)02.97(3) as a main phase (>98%), CoO is the
minority phase. Analyses of these data indicate that this phase
crystallizes in the orthorhombic Pnma space group. This space group
is described by the ab'a” tilt system of two octahedral tilts in the
Glazer notation [25, 26], see Figure 3.
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Figure 1: Rietveld refinement of the PXRD pattern at room
temperature for a sample with stoichiometry
LaCO()jl(l)Volzg(1)02.97(3). Vertical marks correspond to the position of
the allowed Bragg reflections. Upper marks: LaCoq 71(1)V0.201)02.9733)
(98.4(1)%); Lower marks: CoO (1.6(1)%).
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Figure 2: Rietveld refinement of the PND pattern at room
temperature for a sample with stoichiometry LaCoq 71(1)V0.291)02.973)
(S.G.: Pnma). Minority phase corresponds to CoO.

Table 1 shows refined atomic positions for this new perovskite,
while selected bond lengths and bond angles at RT are given in
Table 2. The different (Co/V)-O bond lengths are very similar
leading to quite regular octahedra. The BO4 octahedral tilt angles can
be defined as &= (180-6)/2, where 0 is a (Co/V)-O—(Co/V) angle.
The tilt is consistent with the space group Pnma (#62) and with the
Goldschmidt tolerance factor which falls slightly below unity, t =
0.96. T was calculated using the well known formula: T =(R, + Ro)/
\/2(<RB> + Rg), where Ry is the La®* radius for XII coordination
(1.5 A), Ry is the O* radius for VI coordination (1.26 A) and <Rg>
is the average ionic radius of the cations occupying the B site in VI
coordination, according to the formula: <Rg> = 0.21 rCo*" + 0.50
rCo®" + 0.14 tV*" + 0.15 rV*. The values of radii of all the
transition cations were taken for HS, since value for IS Co®” was not
available (rCo®" = 0.885 A; rCo®" = 0.75 A; rV>* = 0.78 A and rV*"
=0.72 A)

Atom X y z Occ Biso

La (4¢) 0.0215(1) 0.25000 0.9957(1) 1.00 0.84(2)
V (4b) 0.5000 0.0000 0.0000 0.29(1) 0.19(6)
Co (4b) 0.5000 0.0000 0.0000 0.71(1) 0.19(6)
01 (4¢c) 0.4940(2) 0.2500 0.0651(2) 0.97(1) 0.51(4)
02 (84d) 0.2756(1) 0.03415(8) 0.7251(1) 1.00(1) 0.99(2)

Table 1: Refined atomic positions, occupancies and thermal factors
obtained at RT from combined Rietveld refinement of PND and
PXRD data for the perovskite LaCog 71(1)Vo.29(1)02.973) (S.G.: Pnma).
Refined cell parameters: a= 5.4762(2) A, b= 7.7609(2) A and, c=
5.5122(1) A. Discrepancy factors PND: R,=14.5, Rypy= 16.7, Ryy=
9.40, %’= 3.14. Discrepancy factors PXRD: Ry= 12.6, Ry,,= 16.9,
Reyp= 6.53, 4= 6.73.

(Co/V)-01 2 x 1.9734(2)
Distances (A) (Co/V)—-02 2 x 1.9692(6)
(Co/V)—-02 2 x 1.9714(6)
<(Co/V-0)> 1.9713
Angles (degrees) (Co/V) - 01 ~(Co/V) 158.952(7)
(Co/V) =02 —(Co/V) 160.73(3)
Tilt angles (degrees) S 10.52
9.64

Table 2: Selected bond distances and angles and Tilt angles () at RT
obtained from Rietveld refinement of PND data (shown in Figure 1)
for the perOVSkite LaCO()jl(1)V0‘29(1)02‘97(3).

Combined refinements of PXRD and PND data were performed by
allowing the variations of the occupancies of the metal ions in
octahedral sites and O sites resulting in a small amount of oxygen
vacancies. Thus, the refined crystallographic formula can be written
as LaCoq 71(1)V0.201)02.973)-

XAS is a conventional technique to analyse the chemical
environment of an element in an unknown material. The edge energy
for an element in a higher oxidation state is usually shifted several
electron volts to higher X-ray energies [24], see Figure 4. From the
linear interpolation of known oxidation states, Co* in
BiLa,C0,SbOy and Co® in LaCoOs, see inset of Figure 4, the
average Co oxidation state in LaCog 71(1)V.29(1)02.973) Was calculated
to be 2.7£0.2. It can be established the final composition for the
perovskite as LaC02+O.21C03+0‘50V3+0‘14V4+O‘1502‘97, by the
appropriated combination of both the stoichiometric and chemical
environment information from PND data and XAS data.

The questions that can be raised are: Why the initially proposed
composition was not stable? And, why this specific composition is

J. Name., 2012, 00, 1-3 | 3
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the stable one under the present experimental conditions? In
principle it can be stated that the original “double perovskite” with
Co*" and V** (i.e. La;C0,VOy) is not stable because it is not possible
to stabilize the highly oxidized V*" cation in presence of the reduced
Co®" cation, which on the other hand, needs the mild reducing
condition of the Ar atmosphere. A general chemical equilibrium is
then established under the experimental conditions: V°" + Co™" « x
V¥ +y V¥ + 2 Co™ + (1-2) Co*', where x, y and z were determined
for the present sample. However, there could be an infinite number
of other possible compositions, but these compositions are not
compatible with the (unknown) O, partial pressure in equilibrium
with the sample at 1400° C in Ar atmosphere. To reach some of
these other compositions it should be necessary to control the partial
O, pressure at other values and tune the specific composition
compatible with the stable oxidation states.

Figure 3: A polyhedral view of the orthorhombic structure of
LaCog71(1)Vo.29(1)02.973) obtained from PXRD and PND data taken at
RT showing: inphase (+) rotation along the b axis (left) and
antiphase (-) rotation (right) along the a (or ¢) of the pseudocubic
cell. The octahedra represent (Co/V)O4, red (online) spheres
represent the oxide ions and light-blue (online) spheres represent the
La®" ions.
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Figure 4: Near edge Cobalt K absorption spectra of

LaCoyg71(1)Vo.291)02.973) and references BiLa,Co,SbOy, LaCoO; with
known Co oxidation state. Inset: Cobalt oxidation state
determination by linear interpolation of edge position determined by
the maximum of first derivative.

XES has been widely used for elemental analysis and for studying
the electronic structure of atoms [27]. In transition metal compounds
KB XES spectra resulting from transitions 3p-1s, consist of the main
KB, 5 line and satellite structures. The KB’ satellite line could be

4| J. Name., 2012, 00, 1-3

qualitatively explained using a simple 3p3d exchange interaction
model proposed by Tsutsumi et al. [28]. This model points that the
intensity of the KB’ line (IKB") increases with the cation nominal
spin. Figure 5 shows the KB’-Kp, ; region of the Co-Kf spectra for
the studied compounds. It can be seen a clear difference of IKpB’ for
the BiLa,Co,SbOy and LaCoO; compounds being the IKB’ for the
first higher than for the second. It is not the case for
LaCoyg 711y Vo.29(1)02.973) and LaCoO5; compounds, where the IKB’ are
very similar. Therefore the BiLa,Co,SbOy nominal spin is greater
than LaCOO3 and bOth LaC()Oj1(1)V0'29(1)02'97(3) and LaCOO3 haVe
spin states which can be considered similar. The spin state of
LaCoOs; is reported as IS (S=1) [29] or as a mixture of LS (S=0) and
HS (S=2) states for Co®>" ions [30]. Both materials have similar
behavior of IKB’ lines and can be understood if, in
LaC00_71(1)V0_29(1g02_97(3) perovskite, the spin state of Co*" jons is HS
while that of Co’" ions is IS.

TGA consistently shows that LaCoo_ﬂg)Vo_zg(1)02_97(3) begins to gain
weight due to oxidation of Co®*, V*" and V*". The experimental
value of ~1% (see Figure 6) is in agreement with the calculated one
considering the oxidation reaction:

O
LaCoy,V305 — 0.7LaCoOs; + 0.15V,05 + 0.5 La,04

In addition, the Rietveld analysis of PXRD pattern for the
thermogravimetric solid residue is in good agreement with the
proposed products (See Figure S3 in the Supplementary
Information), confirming thereby the original distribution of
oxidation states of the cations Co®", Co®*, V** and V*'. Similar
studies were presented by Pascanut et al. [31] for SrTi;_,Co,Os.

10+ A 20
—m— BiLayCo,SbOg: IKp'= (9.41.00% [
r —O—LaCoOs;: IKp'= (4.2£0.6)% /@/‘ \
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Figure 5: Cobalt KB XES spectra of LaC00_71(1)V0_29(1)02_97(3).
Comparison with BiLa,C0,SbOgy and LaCo0Q;. The intensity of the
total area for the KB’ (IKP”) is included in the top of the figure.

Magnetic characterization

In Figure 7, we show the magnetic susceptibility ()) taken as M/H
measured at H= 5 kOe. Decreasing temperature, y increases
continuously down to 15 K where it can be observed a change of the
regime, suggesting that the material reaches a magnetic ordered
state. In this state, the M vs H plot at 5 K shows a linear behavior
between -10 kOe and 10 kOe, which is in agreement with a typical
response of an antiferromagnetic (AFM) material. y exhibits a TIP
contribution (o), which is more visible at high temperatures. To
subtract this TIP value from y, we adjust magnetic data using a

This journal is © The Royal Society of Chemistry 2012
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model with a Curie-Weiss term and an extra TIP contribution to
describe the paramagnetism of the system. Equation 1 was used in
the range between 50 and 300 K, where C is the Curie constant, 0 is
the Curie-Weiss temperature and o the TIP contribution.
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Figure 6: TGA measured in the 30-980 °C temperature range under
air atmosphere (75 mL min"") for the LaCoy 71(1yV0.201)02.973)
perovskite. The final temperature was maintained during 30 min to
complete oxidation.

c
(T-0)

X = + a (Eq. 1)
The parameters obtained are 6= -55.68(1) K, C=1.147(5) emu K/Oe
g and o= (4.02+0.06)x10® emu/Oe g.

In order to check the Curie Weiss behavior, we subtract o to the
susceptibility and plot the reciprocal (1/(x-a)) as a function of T in
the inset of Figure 7. A linear behavior can be observed in the
temperature range fitted (50-300 K). The negative 6 values confirms
that antiferromagnetic interactions are present in this perovskite.
From the Curie constant we obtain p.g= 3.03(1) pp.

9 8
\ é 6L
\ 5
D 6F 3 R
5 =
£ 5 2
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o' T
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Figure 7: Magnetic susceptibility ()) versus Temperature (T) in the 5
to 300 K range. The inflection point indicates the Neel temperature
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Tx= 15 K. Line (Red online) is the data fit result using a Curie-
Weiss law with an extra temperature independent paramagnetic (o)
term. Inset shows (y-o)"' as a function of T.

Magnetic properties of the Co®' cation are sensible to the
environment and generally difficult to describe theoretically. The
spin only contribution is ps = 3.87 pg. However, in inorganic
complexes and some oxides, an important spin-orbit contribution
could be present and higher values are usually observed p.g=4.7-5.2
pp. The real value should lie between these two limits. For
simplicity, we assume in our case spin only contribution. By using
the formula o= 0.21(uco2’)? + 0.50(nce’ )’ + 0.14(uy>")* +
0-15(Hv4+)2s calculated pg for L3C02+0.21C03+0.50V3+0.14V4+0.1502.97
perovskite is 2.95 pg which is very close to the experimental one
(3.03(1) pp), which supports our assumption of quenched orbital
magnetic moment for Co®". This picture is also in agreement with
XES results. The used individual magnetic moments were 3.87 up
(ng* (HS) spin only), 2.83 pg (Co>* (I8)), 2.83 ug (V) and 1.73 g
v*.

The presence of these magnetic ions occupying the same
crystallographic site in a completely disordered structure lead to
various magnetic interactions (d'-dS, d*-d’, d*-d* d’-d’, among
others) which on average are expressed by an antiferromagnetic
behavior. TIP can be considered to come from the contribution of the
ty, electrons in the V3" and V**cations [32].

Conclusions

The new perovskite with ions in octahedral sites was
successfully synthesized by citrate decomposition. The crystal
structure was well characterized by the orthorhombic space group
Pnma, with cell parameters a= 5.4762(2) A, b= 7.7609(2) A and, c=
5.5122(1) A. This disordered orthorhombic perovskite has the aba”
Glazer tilt system, with a very slight distortion of the octahedra.

3+/4+
A%

Through XAS results it could be determined the average oxidation
state for cobalt cations as 2.7+0.2, showing coexistence of Co** and
Co™" ions.

Combination of PND, TGA and XAS data allowed us to determine
the real stoichiometry and the oxidation states distribution of the
transition metal cations so that the chemical formula can be written:
LaC02+0_21C03+0_50V3+0_14V4+0_1502_97. In addition, XES results allow
us to determine IS behavior for Co®* ion. Thus, this important result
about the mixed oxidation states distribution is a contribution for
several very important technological applications like catalysis,
SOFC'’s, solid electrolytes, etc.

Magnetization measurements showed that the perovskite is an
antiferromagnet with Neel temperature of 15 K. At high T it follows
the Curie-Weiss law corrected by TIP and showing an effective
magnetic moment of 3.03 g which is in perfect agreement with the
magnetic moment calculated with the oxidation states distribution of
Co*" (HS), Co®* (IS) and V*" and V*" ions obtained with the other
techniques.
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Figure S1: Rietveld refinement of the PXRD pattern at room
temperature for a sample with stoichiometry La;Co,VOq synthesized
by sol gel method. Main phase: LaCo,-3V(,703; impurity phase:
LaVO4.
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Figure S2: Rietveld refinement of PND pattern at room temperature
for a sample with stoichiometry La;Co,VOq synthesized by sol gel
method. Main phase: LaCoy 73V ,705; impurity phase: LaVO,.
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Figure S3: Rietveld analysis of PXRD pattern for the
thermogravimetric solid residue. Vertical marks correspond to the
position of the allowed Bragg reflections. Upper marks: LaCoOs
(61.3(2)%); Middle marks: V,05 (13.5(2)%); Lower marks: La,0;
(25.2(1)%). Due to the high preferential orientation produced by
sample preparation on the zero background sample holder (Silicon
single crystal), the percentages are not close to the theoretical ones
(47,5% for LaCoOs, 7,5% for V,05 and 45% for La,03), but all the
reflections can be explained with the proposed compounds.

Structural information derived from the crystal structure refinement
of LaCO()jl(l)V().zg(1)02.97(3) has been deposited at the ICSD
Fachinformationszentrum Karlsruhe (FIZ) (E-mail:
CrysDATA@FIZ.Karlsruhe.DE), with ICSD file number 428836
(for LaCog71(1)Vo29(1y02.973) at 300 K).
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Neutron powder diffraction pattern, Co-Kp XES spectra and polyhedral view of orthorhombic
LaCog.71Vo.2902.97 perovskite.



