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ray diffraction in a diamond-anvil cell. The compressibility

data could be fitted with a Murnaghan equation of state with

the zero-pressure bulk modulus By = 161 (7) GPa and the unit-

cell volume at ambient pressure = 387.1 (3) A’ (B’ = 4.00). A

ADepartamento Fisica Materia Condensada,
Facultad de Ciencia y Tecnologia, Universidad
del Pais Vasco, Apdo 644, 48080 Bilbao, Spain,

and PAdvanced Nano Materials Laboratory, phase transition involving a symmetry reduction from
National Institute for Materials Science, 1-1 P6s/mmc to P6i;mc can be reliably detected in the high-
Namiki, Tsukuba, Ibaraki 305-0044, Japan pressure data. The estimated transition pressure lies in the

range 1.18 < P, < 3.09 GPa. The transition leads to a breaking
of the regular Kagomé net formed by part of the V ions. While
in the ambient pressure structure all V—V distances in the
Kagomé net are equal, they split into inter-trimer and intra-
trimer distances in the high-pressure phase. In general, these
changes are comparable to those observed in the corre-
sponding low-temperature transition. However, the pressure-
induced transition takes place at a lower unit-cell volume
compared with the temperature-induced transition. Further-
more, overall trends for inter-trimer and intra-trimer V—V
distances as a function of the unit-cell volume are clearly
different for datapoints obtained by variation of pressure and
temperature. The behavior of BaV¢Oy; is compared with that
of NaV¢Oq;. While in the latter compound the transition can
be explained as a pure volume effect, in BaVqO;; an
additional degree of freedom related to the valence distribu-
tion among the symmetrically independent vanadium sites has
to be taken into account.

Correspondence e-mail: karen.friese@ehu.es

1. Introduction

Most of the reported pressure-induced phase transitions
involve a discontinuous change of the lattice parameters and/
or a change of the crystal system. Thus, they are usually
detected in X-ray diffraction by a pronounced shift of the
reflection positions or/and by a splitting of certain groups of
reflections. On the other hand, transitions involving a
symmetry reduction within the same diffraction class which
are not accompanied by the appearance of additional reflec-
tions are more difficult to detect as they are exclusively
reflected in changes of intensities in the diffraction diagrams.
The observation of such a type of transition in high-pressure
powder diffraction experiments is very difficult and has rarely
been reported. Single-crystal diffraction, however, should be
suitable for the study of these transitions provided the data are
of sufficient quality. However, it remains to be seen how
reliable a transition of this type can be characterized from
high-pressure diffraction data.
A good system to study in this context is the family of
© 2009 International Union of Crystallography mixed-valence vanadate compounds with the general
Printed in Singapore — all rights reserved composition AV Oy, (A = Na, K, Sr, Pb, Ba) and structures
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Table 1

Crystal data and experimental details for BaVO,; at the various pressures.

Crystal data

Chemical formula

M,

Crystal system, space group
Temperature (K)

a, c (A)

v (A%

V4

Radiation type

p (mm™)
Crystal form, size (mm)

Data collection
Diffractometer
Data collection method
Absorption correction
Tnin
Tmax
No. of measured, independent and
observed reflections
Criterion for observed reflections
Rint
gmax (C)

Refinement

Refinement on

R[F* > 20(F%)], wR(F?), S
No. of reflections

No. of parameters

(A/0) max .

APmaxs Apmin (€ A7)
Extinction method

(1), 0.0001 GPa

BaV¢O,

619

Hexagonal, P6;/mmc

293

5.797 (3), 13.301 (3)

387.1 (3)

2

Mo Ka

11.99

Prismatic, 0.1 x 0.08 x 0.06

Stoe IPDS-2T
 scans
Numerical
0.176

0.218

1209, 139, 102

I>30()
0.063
28.4

F

0.037, 0.031, 1.39
139

13

0.001

1.66, —2.13
None

(I1), 1.18 GPa

BaV¢Oy,

619

Hexagonal, P6s/mmc

293

5.785 (3), 13.266 (4)

384.5 (3)

2

Mo Ka

12.07

Prismatic, 0.1 x 0.08 x 0.06

Stoe IPDS-2T
 scans
Numerical
0.172

0.218

1189, 164, 84

I>30(l)
0.065
285

F

0.032, 0.032, 1.02
164

13

0.001

2.05, —=2.78
None

(I11), 2.19 GPa

BaV40y,

619

Hexagonal, P6smc
293

5.775 (3), 13.238 (4)
3823 (3)

2

Mo Ka

12.14

Prismatic, 0.1 x 0.08 x 0.06

Stoe IPDS-2T
 scans
Numerical
0.173

0.218

1016, 229, 108

I>30(])
0.062
28.0

F

0.028, 0.025, 0.75
229

17

0.007

2.69, —1.92
None

(IV), 3.09 GPa

BaV¢Oy,

619

Hexagonal, P6smc

293

5.763 (3), 13.206 (4)

379.8 (3)

2

Mo Ka

12.22

Prismatic, 0.1 x 0.08 x 0.06

Numerical
0.173

0.219

1486, 283, 140

I>30(l)
0.08
28.0

F

0.027, 0.027, 0.77
283

17

0.001

0.89, —0.85
None

(V), 3.98 GPa (VI), 4.62 GPa (VII), 5.82 GPa
Crystal data
Chemical formula BaV¢Oy,; BaV4Oy, BaV40y,
M, 619 619 619
Crystal system, space group Hexagonal, P6;mc Hexagonal, P6;mc Hexagonal, P6smc
Temperature (K) 293 293 293
a, CQ(A) 5.754 (3), 13.182 (4) 5.746 (3), 13.160 (4) 5.739 (4), 13.144 (4)
V (A%) 378.0 (3) 376.3 (3) 3749 (4)
V4 2 2 2
Radiation type Mo Ka Mo Ko Mo Ka
u (mm™") 12.28 12.34 12.38

Crystal form, size (mm)

Data collection
Diffractometer
Data collection method
Absorption correction
Tmin
Tnax
No. of measured, independent and
observed reflections
Criterion for observed reflections
Rim
emax (c)

Refinement

Refinement on

R[F > 20(F%)], wR(F?), S
No. of reflections

No. of parameters
(Ao D

Apmax’ Apmin (e A_3)
Extinction method

Prismatic, 0.1 x 0.08 x 0.06

Stoe IPDS-2T
 scans
Numerical
0.173

0.216

1506, 255, 150

1> 30(l)
0.069
265

F

0.032, 0.028, 0.95
255

17

0.001

1.17, —0.77
None

Prismatic, 0.1 x 0.08 x 0.06

Stoe IPDS-2T
 scans
Numerical
0.174

0.219

1919, 319, 179

1>30(l)
0.072
28.1

F

0.031, 0.028, 0.92
319

17

0.002

0.91, —0.85
None

Prismatic, 0.1 x 0.08 x 0.06

Stoe IPDS-2T
w scans
Numerical
0.177

0.219

1534, 292, 128

1> 30(l)
0.083
28.4

F

0.027, 0.027, 0.69
292

17

0.001

1.61, —1.41
None

Computer programs used: X-AREA (Stoe & Cie, 2006), JANA2006 (Petiicek et al., 2006), Absorb (Angel, 2006).
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related to the magnetoplumbite type (de Roy et al., 1987,
Kanke et al., 1991; Mentre & Abraham, 1996; Kanke, 1999;
Friese & Kanke, 2006). These compounds are of special
interest owing to their magnetic and electrical properties (see
references 5-23 in Friese & Kanke, 2006).

All compounds show at least one temperature-induced
transition in which the symmetry is reduced from P6,/mmc to
P6;mc (Kanke et al., 1994; Akiba et al., 1998; Kato et al., 2001;
Kanke, 1999; Hata et al., 1999; Mentre et al., 2001; Friese &
Kanke, 2006). In an earlier study we already reported on a
high-pressure single-crystal diffraction study on NaV Oy,
(Grzechnik et al., 2008) and we detected a pressure-induced
hexagonal-hexagonal transition equivalent to the one
observed at low temperatures.

Here we present a comparable high-pressure study on
BaV,0,,, where, in principle, we expect to find similar
phenomena. However, one has to bear in mind that the
charges of the A cation in NaV,O,; and BaV,O; are different
and, as a result, the valence states of vanadium, 3V>*+ and 3V**+
in the first compound compared with 4V3* and 2V** in the
second, are different.

The aim of this study is twofold: on one hand we aim to
know how reliably a transition involving a point group
reduction within the same crystal system can be characterized
from high-pressure data and what the limits of the information
contents are.

On the other hand, we are interested in the high-pressure
behaviour of BaV,O,;. In particular, our interest is centered
on how the high-pressure behaviour compares with that
observed at low temperatures. Furthermore, we are interested
in the influence that the incorporation of differently charged A
cations in BaV,O,; and NaV,O,, has on the low-temperature
and high-pressure behaviour of representatives of the
AV 0O, family of compounds.

2. Experimental details and structure determination
2.1. Data acquisition

The single crystals of BaVO,; were synthesized under high
pressure according to the procedure described in Kanke
(1999) and Friese & Kanke (2006). Single-crystal diffraction
experiments were carried out in situ using a diamond-anvil
cell of the Almax type (Boehler, 2006; Boehler & de Hant-
setters, 2004) providing large opening angles of 20 = 80°. The
approximate size of the crystal was 60 x 60 x 100 pm.
Diffraction data were measured on a Stoe IPDS-2T diffract-
ometer. Multiple runs at two different 26 positions of 0 and 15°
of the imaging-plate detector were measured at each pressure
point. The diamond cell was pre-centered optically. The
centering was checked through the comparison of the orien-
tation matrices corresponding to individual runs. A 1:1
mixture of pentane and isopentane, which is hydrostatic up to
7.4 GPa (Piermarini et al., 1973) and does not react with the
sample, was used as a pressure medium. For pressure cali-
bration the ruby luminescence method was employed. The
error in pressure determination was 0.02 GPa.

Regions on the imaging plate shadowed by the diamond-
anvil cell were masked prior to integration. Integration was
carried out using three orientation matrices simultaneously,
one belonging to the sample, the other two corresponding to
the two diamonds of the high-pressure cell. This way sample
reflections overlapping with diamond reflections were
excluded to a high degree during the integration procedure.
Both the masking procedure and the simultaneous integration
using multiple orientation matrices are provided in the X-
AREA software (Stoe & Cie, 2006).

Reflections of both runs were averaged using the program
JANA2006 (Petricek et al., 2006). Outlying individual reflec-
tions with I — I(average) > 10o[I(average)] were identified
from the corresponding listing in JANA2006 and then cross-
checked on the original frames using the X-AREA software
(Stoe & Cie, 2006). They were excluded from the datasets if:

(i) they were lying in the tail of diamond reflections,

(i) they were very close to the masked regions and could be
assumed to be partly in the shadow of the diamond-anvil cell,

(iii) they were lying on or very close to the strongest gasket
diffraction rings.

The varying number of measured reflections as shown in
Table 1 is mainly due to the different degree of overlap of
sample reflections with the powder rings of the gasket at the
individual pressure points. In addition, with increasing pres-
sure the thickness of the gasket decreases, leading, in general,
to a considerable reduction of the background and conse-
quently to a smaller number of reflections with falsified
intensities.

Data were corrected for absorption by the diamonds with
the program Absorb (Angel, 2006) and an empirical absorp-
tion correction for the crystal shape was applied using the
program JANA2006 (Petficek et al., 2006). The faces of the
crystal were optimized with the program X-shape (Stoe & Cie,
1999).

2.2. Structure refinement

The structure refinement was started from the model
coordinates of the room-temperature/ambient-pressure phase
of BaV,0O,, (Friese & Kanke, 2006). All atoms were treated
isotropically.' Three models were refined for all pressures.

Model 1: space group P6,/mmc; 13 parameters. No addi-
tional restrictions were applied to coordinates or displacement
parameters.

Model 2: space group P6,mc; 17 parameters. While the
coordinates of Ba and V ions were allowed to refine freely, the
coordinates of the O atoms were restrained to be in accor-
dance with the high-symmetry phase. Displacement para-
meters of atoms related via the mirror plane of the space
group P6;/mmc (V2a/V2b; O1a/O1b; 0O3a/O3b) were
restrained to be equal to avoid unnecessary correlations.

! Trial refinements with anisotropic displacement parameters led to reasonable
values for all atoms. However, as the number of parameters in the refinement
is increased considerably when compared with an isotropic refinement and as
the overall agreement factors did not improve significantly, these refinements
were discarded.
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Figure 1

Schematic view of the structure of BaV(O,;,. Coordination polyhedra
around V are indicated. White spheres represent V, spheres in magenta
correspond to Ba and small blue sphere indicate oxygen positions.

Model 3: space group P6;mc; 22 parameters. All coordi-
nates were refined freely. Displacement parameters were
treated as in model 2.

Additional experimental and refinement details are given in
Table 1; atomic coordinates and isotropic displacement para-
meters are accessible through the supplementary material.®
The internal R values as well as the final agreement factors
indicate that no large systematic errors are present in the data.
[This is also reflected by the F(obs)/F(calc) diagrams at the
different pressures; see the supplementary material for a
representative diagram.] In general, the data quality improves
with increasing pressure, a fact that we attribute to the thin-
ning out of the gasket and the consequent decrease of the
gasket scattering. Although the final agreement factors are
very good, not all structural parameters (e.g. atomic coordi-
nates and bond lengths) follow a smooth trend as a function of
pressure. The deviations from the overall observed trends at
2.19 GPa are especially pronounced. As mentioned earlier the
phase transition P6,/mmc — P6;mc in BaV,Oy; involves the
loss of the inversion center. As a consequence, the formation
of inversion twins is likely and was indeed observed in the low-
temperature study (Friese & Kanke, 2006). For the high-
pressure data the number of observed Friedel pairs is low and
we therefore abstained from refining a twin model for the
high-pressure phase.

3. Effect of pressure on the structure of BaV40O4;
3.1. Structure, equation of state and critical pressure

The structure of BaV,O,; (see Fig. 1) is closely related to
the magnetoplumbite structure. The O atoms, which occupy
three symmetrically independent sites in the high-symmetry
polymorph, form a distorted hexagonal close packing. In the

2 Supplementary data for this paper are available from the IUCr electronic
archives (Reference: EB5003). Services for accessing these data are described
at the back of the journal.

ambient condition structure three symmetrically independent
V sites can be distinguished. V10, octahedra share common
edges and form a regular Kagomé net normal to the hexagonal
[001] direction. These layers are connected in the direction of
¢ via V20, octahedra, which form face-sharing dimers, and
V30; bipyramids. The Ba ions are incorporated into the
cavities of this framework and are coordinated by 12 O atoms.
At the phase transition the V2, as well as the Ol and O3
positions, split into two symmetrically independent positions.

Lattice parameters of BaV,O;; at ambient pressure are a =
5.797 (3) and ¢ = 13.301 (3) A with a unit-cell volume of
387.0 (4) A3. The (c/a)*2/3 value of 1.530 at ambient condi-
tions is smaller than the value of 1.633 expected for the ideal
hexagonal close packing. It is remarkable that the c¢/a ratio in
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(a) Pressure dependence of the relative lattice parameters, relative c/a
axial ratios and relative unit-cell volumes. The solid line is a Murnaghan
equation of state fit to the compressibility data. (b) Relative lattice
parameter and c/a ratio of BaV,0;, as a function of unit-cell volume.
Filled symbols represent datapoints measured as a function of
temperature (Friese & Kanke, 2006), open symbols are datapoints
measured as a function of pressure.
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Ba’>*V3tVitO,, is identical to that observed for
NatV3+V3itO,,, although the valence distribution is different
in the two compounds.

Fig. 2 (left) shows the relative lattice parameters of
BaV,0,, as a function of pressure. The compressibility data
could be fitted with a Murnaghan equation of state with the
zero-pressure bulk modulus B, = 161 (7) GPa and the unit-cell
volume at ambient pressure V,, = 387.1 (3) A3 (for the fixed
first pressure derivative of the bulk modulus B'= 4.00). The
bulk modulus in BaV Oy, is nearly the same as in NaVO,; [B,
=177 (9) GPa]. BaV,O,, is more compressible along the ¢ axis
than along the a axis. However, when compared with NaV,Oy;
the difference in compressibility for the two directions is less
pronounced in BaVO,;.

At ambient pressure and low temperature the phase tran-
sition from the centrosymmetric phase to the noncentrosym-
metric phase occurs at a unit-cell volume of approximately
385 A? (Friese & Kanke, 2006); according to our equation of
state this volume corresponds to a pressure of approximately
0.9 GPa.

A comparison of the refinement results of the three
different models described above is given in Fig. 3, which
portrays the ratio of agreement factors of R[F(all)](Model 1)/
R[F(all)](Model 2) (black symbols) and R[F(all)](Model 1)/
R[F(all)](Model 3) (red symbols). As can be seen, at pressures
above 3 GPa the overall agreement factors are clearly better
for the noncentrosymmetric models (2 and 3) in space group
P6,mc, while below this pressure the difference for the
agreement factors for the centrosymmetric and noncen-
trosymmetric models is not so large. Hamilton tests
(Hamilton, 1965) confirm that the noncentrosymmetric
models are superior at pressure above 3 GPa. On the other
hand, refinements of the noncentrosymmetric model for the
pressure 1.18 GPa do not lead to reasonable coordinates and
interatomic distances for the heavy atoms, so that we suppose
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Agreement factor ratio Ryps (P6;/mmc)/Ryys (P63mc) as a function of
pressure. Black squares represent the ratio for the restricted model in
P6;mce (Model 1/Model 2); red circles represent the unrestricted model
(Model 1/Model 3).

that at this pressure the sample is not yet transformed. The
transition pressure thus lies in the interval 1.18 < P. <
3.09 GPa. This corresponds to a unit-cell volume range of
384.4 (5) < V < 379.8 (4) A®. The upper limit is thus at a
slightly smaller unit-cell volume than that extrapolated on the
basis of the low-temperature data.

Fig. 3 also demonstrates that the restricted model in P6,mic
is not much worse than the unrestricted model. In addition,
the coordinates of the heavy atoms V and Ba (and the
corresponding interatomic distances) in the unrestricted
model follow a smooth trend as a function of pressure, while
the same is not true for the coordinates (and interatomic
distances) of the O atoms. This indicates that our data for the
high-pressure phase are of sufficient quality for the char-
acterization of the cationic sublattice, but probably not suffi-
cient for the determination of the oxygen coordinates in the
noncentrosymmetric space group.

Fig. 2(b) shows the lattice parameters of BaV,O,; as a
function of unit-cell volume. The figure combines both high-
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Pressure dependence of the polyhedral volumes in BaV,O,, as calculated
with the program IVTON (Balié-Zuni¢ & Vickovic, 1996). Standard
deviations for the polyhedral volume of BaO,, are smaller than the
symbols.
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pressure and low-temperature data, which have been taken
from our earlier investigations (Friese & Kanke, 2006). It can
be clearly seen from this figure that the effect of pressure and
temperature on the lattice parameters of BaV,O,, are
different and that the induced changes cannot be attributed to
a pure volume effect. While at low temperatures the ¢ lattice
parameter contracts less than the a lattice parameter, leading
to a significant increase of the c¢/a ratio as the unit-cell volume

10.45 -

=]
&

=
a

10.25 4

V(1)O,- polyhedral volume [A%]
8

=1
2

10,15 . . ; . T T T T 1
390 388 88 384 382 380 ara 376 374 arz

Unit cell volume [A%]
(a)

10.4 4
1084
10.2 4
10.1 4
10.04
994
9.8

9.7

9.6

V(2)O,-polyhedral volume [A’]

9.5 T T T T T T T T d
890 988 886 384 882 880 378 376 874 &2

Unit cell volume [A%]
(b)

6.6 = ®

6.5

6.4 -

6.3

6.2 -

V(3)0,-polyhedral volume [A%]

| L | T T | L | T T 1
390 388 388 384 382 380 e are 374 arz

Unit cell volume [AY)
(c)

Figure 5

VO, polyhedral volumes in BaV O, as a function of the unit-cell volume
as calculated with the program IVTON (Balié-Zunié¢ & Vickovic, 1996).
Black symbols correspond to datapoints as a function of temperature as
given in Friese & Kanke (2006); red symbols correspond to datapoints as
a function of pressure. The lines are a linear fit to the data and might serve
as a guide to the eye.

is decreased, at high pressures the opposite behavior is
observed and the c/a ratio slightly decreases as a function of
the unit-cell volume. Thus, the effect of temperature is to
approximate the c/a ratio to the ideal value of a hexagonal
close packing, while the effect of pressure is to distort the
structure even further.

This behaviour is in strong contrast to the one we observe
for NaV,0O,, (Grzechnik et al., 2008), where temperature and
pressure seem to exert very similar influences on the lattice
parameters of the hexagonal phases.

This difference in behavior might be related to the distinct
valence distribution between the symmetrically independent
V sites in both compounds and it is thus interesting to have a
closer look at the VO, coordination polyhedra.

Fig. 4 represents the polyhedra volumes for BaV,0,, as a
function of pressure. For the calculation we used the refined
models in P6,/mmc as we considered the oxygen coordinates
to be more reliable than in the noncentrosymmetric space
group. Data points for the V20, polyhedra thus represent in
fact the average of two symmetrically independent octahedra
in the high-pressure polymorph. As can be seen the most
compressible polyhedra are the BaO;, and the V20O, poly-
hedra.* The volume of the V10, octahedra decreases very
slightly and the volume of the V3Oj; polyhedra is basically
independent of pressure. A comparison with NaV,O
(Grzechnik et al., 2008) reveals the following differences:

(i) In NaV,O,; the compression of the NaO;, polyhedra
saturates at approximately 2.6 GPa, while compression of the
BaO,, polyhedron goes on even at 5.8 GPa.

(ii) In the Na-containing compound the volume of the V10,
polyhedra is almost independent of pressure, while in
BaV,0O,, the volume slightly decreases.

(iii) The volume of V204 in NaV¢O;; increases, and, in
addition, the V2—V2 distances shrink on compression. In
BaV¢Oy; the V20¢4 polyhedra decrease on compression, while
the V2—V2 distance shrinks.

(iv) The V30O, bipyramids in NaV O,, are the most
compressible polyhedra. In BaV,0O,;, on the other hand, their
volumes are almost constant. This might be related to the fact
that in the Na compound the bipyramidal site is occupied by
V4 (Kanke et al, 1992), while bond-valence calculations
indicate that in the Ba compound trivalent V is incorporated
into this polyhedra (Friese & Kanke, 2006).

Furthermore, the changes in the volume of the VO, poly-
hedra produced by temperature or pressure in BaV,O,; are
distinctly different for individual polyhedra. This is evident
from Fig. 5, which combines low-temperature and high-pres-
sure data.*

The distinct influence of temperature and pressure is also
reflected by the changes they induce in the atomic coordinates.

3 The data corresponding to the pressure point at 2.19 GPa significantly
deviate from the observed trend. We noticed this deviation for most of the
geometrical parameters at this pressure point and therefore believe that the
goint is affected by some unidentified systematic error

The datapoints as a function of pressure are rather scattered. However,
taking into account that the datapoints at 2.19 GPa are most probably
erroneous an overall trend can be discerned.
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Fig. 6 shows the x coordinate of V1 and the z coordinate of V3
as a function of the unit-cell volume. As has been shown in
Grzechnik et al. (2008) these two coordinates are related to
the two most important contributions of individual primary
modes to the overall structural distortions in the phase tran-
sition.

In this context it should be mentioned that the temperature-
induced transitions P6;/mmc — P6;mc in the AV 0,, family
are accompanied by paramagnetic—paramagnetic transitions.
For NaV,O,, a spin-singlet state involving the V1 ions in the
Kagomé net has been confirmed for the P6;mc phase at lower
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Figure 6

V1x and V3z coordinate as a function of the unit-cell volume. Filled
symbols correspond to datapoints as a function of temperature as given in
Friese & Kanke (2006); open symbols correspond to datapoints as a
function of pressure. For the pressure point at 1.18 GPa coordinates are
represented for the models in the space group P6;/mmc and P6;mc.

3.05
3.00 ®e
o
__ 295 e
=
€N 290+ ~ e® O
8 J o 0 o o s
c o]
g 2.85 5
z S e
= 280+ °
'.‘-‘-I=' 1 = 9@
275 o] ® Q’
o]
2.70 o)
T T T Y T v T v T Y T v T T ]
374 376 378 380 3g2 384 286 ase
Unit Cell Volume [A’]
Figure 7

V1—V1 distances in the Kagomé net as a function of the unit-cell volume.
Filled symbols represent distances corresponding to the low-temperature
study published in Friese & Kanke (2006), while open symbols represent
distances as a function of pressure. Blue symbols are V—V distances
obtained from refinements in the space group P6;/mmc (Model 1), while
red and black symbols correspond to refinements in the space group
P6,mec.

temperatures (Uchida et al., 2001). This is reflected by the fact
that in the low-temperature polymorphs the regular Kagomé
net formed by V1 ions is broken. As the V1 atoms shift from
their special positions [(3,0,0) in P6;/mmc to the more general
position (x,2x,0) in P6smc], V1 trimers are formed and the
V1—V1 distances split into inter-trimer and intra-trimer
distances. Fig. 7 shows the V1—V1 distances in BaV,O,; as a
function of the unit-cell volume.

From Figs. 6 and 7 it is evident that both the coordinates and
the splitting into inter-trimer and intra-trimer distances within
the Kagomé net follow different trends as a function of
temperature than as a function of pressure. This observation is
in strong contrast to the uniform behavior of these parameters
with varying pressure/temperature in NaV,O,, (Grzechnik et
al., 2008).

One can thus say that the observed phase transition in
NaV¢O,; could be explained as a pure volume effect, while for
BaV,0O,; other factors have to be taken into account. In
NaV 0, the lattice parameters a and c are uniquely deter-
mined for a given unit-cell volume, while in the Ba compound
they vary in the P-T diagram. This suggests that the latter
compound has one more free parameter to define the unit cell.

On the basis of our observations we believe that this
additional degree of freedom is closely related to the valence
distribution among the symmetrically independent vanadium
sites. In NaV,O,, the change in valence induced by tempera-
ture or pressure seems to be restricted to the V2 and V3 sites.
In BaV,O,;, on the other hand, the V1 site is most probably
also involved in the valence fluctuations.

4. Conclusions

According to our results BaV,O,; undergoes a structural
phase transition P6;/mmc — P6ymc below 3 GPa. The tran-
sition is exclusively reflected in subtle changes of the diffrac-
tion intensities and not accompanied by splitting of reflections
or the appearance of additional reflections in the diffraction
diagram.

The pressure-induced transition in BaV,O,; takes place at a
smaller critical unit-cell volume when compared with the
transition at low temperatures. While in the Na-containing
compound the transition can be explained as a pure volume
effect, in BaV,O,; an additional degree of freedom has to be
taken into account. The difference in the behaviour of the two
compounds might be related to the more flexible valence
distribution in BaV;O,; when compared with NaV,0O;.

Further investigations on the high-pressure behavior of
other representatives of the family AV,0O;; and experiments
varying temperature and pressure simultaneously could shed
more light on the underlying mechanisms of the phase tran-
sition observed.
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