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A new VIV/VV mixed-valence polyoxovanadate compound
Ba6[V10O30(H2O)] ' 2.5H2O has been hydrothermally syn-
thesized in an NaVO3+BaI2+(CH3)4NI aqueous solution system.
The compound crystallizes cubic, Im31 , a 5 16.8323(2) As , and
Z 5 6. The structural analysis gave wR2 5 0.0597 for all of the
unique 2641 re6ections and 83 parameters and R1 5 0.0229 for
2217 re6ections with FO > 4r(FO). The phase contains dis-
crete[V10O30(H2O)]122 polyoxovanadate ion and three types of
Ba21 cations, two of which connect the polyoxovanadate ion
three-dimensionally. The remaining Ba21 cation is attached to
the discrete ion and is hydrated. The polyoxovanadate ion con-
tains four VV

2 O7 units of corner-sharing tetrahedral VO4 pairs
and one VIV

2 O10(H2O) unit. The two types of units are linked by
corner-sharing. The VIV

2 O10(H2O) unit shows two types of un-
usual V+O polyhedral arrangements. One is a couple of
VO5(H2O) octahedra sharing the water molecule, and the other
consists of a VO6 octahedron and a VO5 square pyramid sharing
a corner oxygen and includes a distant water molecule.
Ba6[V10O30(H2O)] ' 2.5H2O exhibits Curie+Weiss-like para-
magnetic behavior without any magnetic transition down to 5 K,
probably re6ecting the discrete location of the polyoxovanadate
ion. ( 2000 Academic Press

Key Words: polyoxovanadate; hydrothermal synthesis; crystal
structure; paramagnetism.

INTRODUCTION

A great number of polyoxovanadates are known for oxi-
dation states of vanadium with mixed valences of VIV/VV as
well as a single valence of VV or VIV (1). In the mixed-valence
states, vanadium ions of di!erent valences may adopt di!er-
ent oxygen coordination: for example, VO

4
tetrahedron and

VO
5

trigonal bipyramid for VV and VO
5

square pyramid
and VO

6
octahedron for VIV/VV. This leads to a wide
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variety of polyhedral structures of structural interest as well
as magnetic properties that arise from the d1 state of VIV.

Polyoxovanadates are prepared by solution processes
usually at moderate temperatures below 1003C. Recently
hydrothermal methods using reaction temperatures above
1003C have been applied in the synthesis of polyoxovana-
dates aiming at new compounds. Actually Zubieta and his
co-workers reported several isopoly- or heteropolyvana-
dates synthesized by hydrothermal methods (2). Hydrother-
mal methods have also been applied to develop new
vanadium oxide bronzes with mixed valences of VIV/VV (3).
In the present study, we were successful in synthesizing
hydrothermally a mixed-valence barium decavanadate and
carried out a single-crystal X-ray di!raction study. Unusual
arrangements of V}O polyhedra were found for VIVO

6
octahedra and VIVO

5
square pyramids.

EXPERIMENTAL

The title compound was synthesized in the hydrothermal
system of NaVO

3
}BaI

2
}(CH

3
)
4
NI. A 50 ml mixed solution

of 0.15 M NaVO
3
, 0.15 M BaI

2
, and 0.003 M (CH

3
)
4
NI was

sealed in a Pyrex ampoule followed by hydrothermal treat-
ment at 2803C for 40 h in an autoclave. The treatment gave
a yellow clear supernatant solution with pH 4.3 and precipi-
tates consisting of dark purple cubic crystals and dark
brown powders. The cubic crystals were easily isolated by
repeated supersonic separations with distilled water. A cry-
stalline phase of the brown powder was identi"ed by pow-
der X-ray di!ractometry to be BaV

3
O

8
(4) and that of the

cubic crystal was unidenti"ed.
Quantitative X-ray microanalysis of the cubic crystals

was performed using BaAl
2
O

4
and LaVO

4
as reference

materials, which gave a Ba/V ratio of (6.07$0.04)/10.
The average oxidation number of vanadium of the cubic
crystals was determined by visible spectroscopy to be
4.77(2) from the concentrations of [VIVO(H

2
O)

5
]2` and



TABLE 1
Atomic Coordinates and Equivalent Thermal Parameters in

Ba6[V10O30(H2O)] ' 2.5H2O (Cubic, Im31 , a 5 16.8323(2) As ,
Z 5 6, wR2 5 0.0597,a R1 5 0.0383,b S 5 1.200,c D/r < 0.001,
and 2 1.74 < Dq < 2.50 eAs 2 3 for all of the unique 2641 re6ections
and 83 parameters; R1 5 0.0229b for 2217 re6ections with
FO > 4r(FO))

Atom Position Occupancy x y z 100 ;
%2

(As 2)

Ba(1) 24g 1 0 0.33216(1) 0.27784(1) 1.312(4)
Ba(2) 8c 1 1

4
1
4

1
4

1.198(5)
Ba(3) 24g 1

6
0 0.15438(12) 0.06097(17) 4.42(5)

V(1) 48h 1 0.09737(2) 0.12256(2) 0.32820(2) 0.969(6)
V(2) 12e 0.6394(33) 0 1

2
0.13763(6) 0.86(2)

V(3) 12e 1!g(V(2)) 0 1
2

0.09125(10) 0.70(4)
O(1) 48h 1 0.10656(11) 0.22076(10) 0.34165(10) 1.58(3)
O(2) 48h 1 0.09592(11) 0.26170(11) 0.16492(10) 1.79(3)
O(3) 48h 1 0.08025(11) 0.41911(11) 0.11950(13) 2.16(4)
O(4) 24g 1 0 0.09807(19) 0.29186(17) 2.16(5)
O(5)d 6b 1 0 1

2
0 3.29(14)

O(6) 12e g(V(2)) 0 1
2

0.2339(3) 1.80(10)
O(7)e 12e 1!g(V(2)) 0 1

2
0.2927(10) 3.6(3)

O(8)e 48h 5
16

0.0337(7) 0.1244(8) 0.1036(8) 6.5(3)

awR2"M+[w(F2
O
!F2

C
)2]/+[w(F2

O
)2]N1@2 and w"1/[p2(F2

O
)#(0.0194P)2#

28.0205P] where P"(F2
O
#2F2

C
)/3. bR1"+EF

O
D!DF

C
E/+DF

O
D. cS"M+[w(F2

O
!F2

C
)2]/(n!p)N1@2 where n ("2641) is the number of re#ections and p ("83) is

the total number of parameters re"ned. d2g(V(2))!1 corresponds to H
2
O. eH

2
O.
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[VVO
2
(H

2
O)

4
]` in a dilute HCl solution of the crystals.

A weight loss of 2.5% was detected by thermogravimetry.
A density of 3.91(1) g cm~3 was obtained by pycnometry
using distilled water at 223C. An infrared spectrum obtained
by a Nujol method gave a 1625 cm~1 band as well as
a broad band around 3400 cm~1, indicating the existence of
water molecules. The spectrum showed no evidence of
(CH

3
)
4
N`. The analytical results indicate the composition

of the cubic crystal to be Ba
6
V
10

O
30

) 3.5H
2
O. Magnetic

susceptibility of the phase was obtained with a SQUID
magnetometer by using 114.6 mg of crystal specimen under
an external magnetic "eld of 1000 Oe.

Preliminary four-circle di!raction study at Kyoto re-
vealed that the dark purple crystal is body-centered cubic
with a"16.8 As and Laue group of m3. An N(z) test (5) on
the intensities preferred centrosymmetric Im31 among three
possible space groups I23, I2

1
3, and Im31 . The specimen for

structural analysis was selected by means of oscillation and
Weissenberg photographs. The size of the specimen was
0.20 mm, 0.18 mm, 0.22 mm, 0.18 mm, 0.18 mm, and
0.20 mm along [1 1 0], [1 0 1], [0 1 1], [1 11 0], [1 0 11 ], and
[0 1 11 ], respectively. Intensity data were collected on an
Enraf-Nonius CAD4 di!ractometer with graphite-mono-
chromatized MoKa radiation (j"0.71073 As ) using u}h
scan with *u"(1.0#0.35 tan h)3. The lattice parameter
a was re"ned to be 16.8323(2) As from Bragg angles of 22
re#ections in the region 603(2h(653. The analytical
composition of Ba

6
V

10
O

30
) 3.5H

2
O, the cell volume of

4769.03(10) As 3, and the observed density of 3.91(1) g cm~3

gave the number of the formula unit Z"6 with the reason-
able calculated density of 3.920 g cm~3. Measured re#ec-
tions satis"ed the conditions h50, k50, l50, h4k,
h4l, h#k#lOodd, and 2h4803. Of the resulting 2802
re#ections, 394 were unobserved. Three standard re#ections
800, 080, and 008 were measured every 4 h. Deviation of
intensity was within 0.7% during the total exposure time of
199.8 h. No decay correction was applied. Absorption cor-
rection was applied with k"10.11 mm~1 by ABST in
PLATON (6). The obtained transmission range was
0.2042}0.2599. Among the 2802 re#ections, 2641 were
unique for Im31 (R

*/5
"0.0179). All of the 2802 re#ections

were used for structural analysis by SHELXL (7). Atomic
scattering factors for neutral atoms and their dispersions are
taken from Ref. (8). The re"nements were carried out on the
basis of I"F2.

RESULTS

The space group Im31 and the lattice parameter
a"16.8323(2) As of the present phase reminded us of
Ba

5.33
(H

3
O)

0.33
[V

10
O

30
] with the space group Im31 and

a"16.9439(2) As , reported by Zubieta and his co-workers
(2). The Ba(1) and Ba(2) atoms were easily located on the
basis of their structural data. Remaining atoms were found
by subsequent Fourier synthesis.
The V(1) and V(2) atoms were found in the "rst stage.
However, a di!erential Fourier synthesis showed a large
negative peak at the V(2) position and a positive peak close
to the V(2) position. The positive peak was assigned to the
V(3) atom. The second re"nement was carried out by vary-
ing the occupancies of the V(2) and V(3) sites, designated by
g(V(2)) and g(V(3)), respectively. The resulting g (V(2))#
g(V(3)) was essentially one, re#ecting that the V(2) and V(3)
sites are too close to be occupied simultaneously. The V(1),
V(2), and V(3) atoms correspond to the V(1), V(2), and V(2A)
atoms in Ref. (2), respectively. A subsequent di!erential
Fourier synthesis gave a positive peak which was too large
to be assigned to an O atom. The peak was assigned to the
partially occupied Ba(3) atom, which is missing in Ref. (2).
The O(1)}O(5) atoms were found in the next stage, and
anisotropic thermal parameters were applied to the
Ba(1)}Ba(3), V(1)}V(3), and O(1)}O(5) atoms. Subsequently
the partially occupied O(6) and O(7) atoms were located
only 0.99 As apart. Indeed, the sum of their occupancies
g(O(6))#g(O(7)) was close to 1 but less than 1, and g (O(6))
and g(O(7)) were close to g(V(2)) and g (V(3)), respectively.
The O(1)}O(7) atoms correspond to the O(1), O(2), O(4),
O(3), O(5), O(6A), and O(6) atoms in Ref. (2), respectively.
The obtained composition was Ba

5.99
V

9.87
O

30.79
. The

occupancy g (Ba(3)) was "xed at 1
6
, and a constraint



TABLE 3
Bond Valences

Bond valence Bond valence

Bond VIV VV Bond VIV VV

V(1)}O(2)* 1.341 1.411 O(5)}V(2)**, 9*7 0.237 0.250
O(1) 1.162 1.223 V(3)**, 9*7 1.955 2.058
O(3)* 0.965 1.016 +O(5)}2V(2) 0.474 0.500
O(4) 1.554 1.635 +O(5)}V(2)V(3) 2.192 2.308

+V(1)}O 5.022 5.285 +O(5)}2V(3) 3.910 4.116

V(2)}O(6) 1.554 1.635 O(6)}V(2) 1.554 1.635
O(3)**, ***, *7, 7 0.652 0.686 Ba(1)**, 7 0.182
O(5) 0.237 0.250 +O(6)}V(2)Ba 1.918 1.999

+V(2)}O 4.399 4.629
O(7)}Ba(1)**, 7 0.229

V(3)}O(5) 1.955 2.058 V(3) 0.013 0.014
O(3)**, ***, *7, 7 0.595 0.626 +O(7)}V(3)Ba 0.471 0.472
O(7) 0.013 0.014

+V(3)}O(5)O(3) 4.335 4.562 O(8)}Ba(3)97* 0.276
+V(3)}O(5)O(3)O(7) 4.348 4.576 Ba(3)9*7 0.207

Ba(3)9 0.202
Ba(1)}O(2)**, *** 0.280 +O(8)}Ba 0.685
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g(V(2))#g (V(3))"1 was added in the next stage, according
to the analytical result, Ba

6
V

10
O

30
) 3.5H

2
O. The resulting

composition was Ba
6
V

10
O

30.78
.

A comparison between the analytical composition and
the structural composition indicates that at least one of the
O(1)}O(7) atoms corresponds to H

2
O and that an addi-

tional O atom of H
2
O should exist. As will be discussed

later, g(O(6)) and g (O(7)) were constrained to g(V(2)) and
1!g(V(2)), respectively, and the O(7) atom and a
2g(V(2))!1 portion of the O(5) atom were assigned to H

2
O.

The resulting composition was Ba
6
V

10
O

30
)H

2
O. A sub-

sequent di!erential Fourier synthesis found the remaining
2.5H

2
O as the largest positive peak, which was assigned to

the O(8) atom. The occupancy g(O(8)) was "xed at 5
16

to
meet the composition Ba

6
V

10
O

30
) 3.5H

2
O. Anisotropic

thermal parameters were not applicable to the O(8) atom.
Atomic fractional coordinates and equivalent isotropic
thermal parameters are shown in Table 1 (9). Interatomic
distances and bond valences (10) are listed in Tables 2 and 3,
respectively.
TABLE 2
Interatomic Distances (As )

V(1)}O(2)* 1.6572(17) Ba(1)}O(2)**, *** 2.7616(18)
O(1) 1.6755(17) O(1)**, *** 2.8083(17)
O(3)* 1.7285(17) O(7) 2.8361(15)b
O(4) 1.7973(12) O(1)7*, 7** 2.8580(17)

O(3)7***, *9 2.867(2)
V(2)}O(6) 1.621(6) O(6) 2.9202(14)b

O(3)**, ***, *7, 7 1.9422(17) O(3)**, *** 3.327(2)
O(5) 2.3166(11)

Ba(2)}O(1)*,**,7**, *9,9,9* 2.9072(18)
V(3)}O(5) 1.5359(18) O(2)*, **, 7**, *9,9,9* 2.969(2)

O(3)**, ***, *7,7 1.9761(18)
O(7) 3.391(17)a Ba(3)}O(8)9**, 9*** 2.766(13)c

O(8)9*7, 97 2.872(15)c
O(8)*, 97* 2.881(13)
O(2)**, *** 2.989(3)
O(4)9, 97** 3.022(3)

V(2)}V(3) 0.781(2)d Ba(3)}Ba(3)9*7 2.052(6)d O(6)}O(7) 0.989(17)d
V(2)}O(7) 2.610(17)e Ba(3)}O(8)**, *** 1.045(13)d O(8)}O(8)*** 1.13(2)d
V(3)}O(6) 2.402(6)e Ba(3)}O(8)9, 97** 2.307(14)d O(8)}O(8)* 1.96(2)d

O(8)}O(8)9 1.96(2)d

Note. Symmetry code: (i) z, x, y, (ii) x, y, z, (iii) !x, y, z, (iv) x, 1!y, z, (v)
!x, 1!y, z, (vi) !1/2#z, 1/2!x, 1/2!y, (vii) 1/2!z, 1/2!x, 1/2!y,
(viii) !1/2#y, 1/2!z, 1/2!x, (ix) 1/2!y, 1/2!z, 1/2!x, (x) y, z, x, (xi)
1/2!x, 1/2!y, 1/2!z, (xii) y, z, !x, (xiii) !y, z, !x, (xiv) x, y, !z, (xv)
!x, y, !z, (xvi) !z, x, y, (xvii) !y, z, x.

aToo long to be considered as a bond.
bOne of the O(6) and O(7) positions is occupied and the other vacant (see

text).
cThe O(8)9** and O(8)9*7 positions (1.96(2) As ), the O(8)9*7 and O(8)97 ones

(1.13(2) As ), and the O(8)97 and O(8)9*** ones (1.96(2) As ) cannot be occupied
simultaneously.

dForbidden (too short).
eForbidden (see text).

O(1)**, *** 0.246
O(7) 0.229 Ba(3)}O(8)9**, 9*** 0.276
O(1)7*, 7** 0.215 O(8)9*7, 97 0.207
O(3)7***, *9 0.210 O(8)*, 97* 0.202
O(6) 0.182 O(2)**, *** 0.151
O(3)**, *** 0.061 O(4)9, 97** 0.138

+Ba(1)}OO(7) 2.253 +Ba(3)}O 1.465a
+Ba(1)}OO(6) 2.206

Ba(2)}O(1)*, **, 7**, *9, 9, 9* 0.189
O(2)*, **, 7**, *9, 9, 9* 0.160

+Ba(2)}O 2.094

aSee footnote c of Table 2. One of the O(8)9** and O(8)9*7 positions and
one of the O(8)9*** and O(8)97 positions are vacant.
DISCUSSION

Coordination Spheres of V Atoms and Arrangement of
V}O Polyhedra

Possible coordination spheres of the V atoms are shown
in Fig. 1. The V(1) atom forms a V(1)O

4
tetrahedron with

the O(1)}O(4) atoms. Two V(1)O
4

tetrahedra make a V
2
O

7
unit by sharing the O(4) vertex. Four V

2
O

7
units surround

the V(2) and V(3) atoms with two O(3)
4

rectangles, forming
a polyoxovanadate ion. Since g(V(2))#g (V(3))"1 was ob-
tained, one of the adjacent V(2) and V(3) sites is occupied
and the other vacant. As will be rationalized in the
following, the V(2) atom forms a VO

6
octahedron

(V(2)O(6)O(3)
4
O(5)) while the V(3) atom forms a VO

5
square pyramid (V(3)O(5)O(3)

4
), respectively (Table 2),

where V(2)}O(6) (1.621(6) As ) and V(3)}O(5) (1.5359(18) As )
correspond to double bonds.

Let us consider possible arrangements of the V(2) and
V(3) atoms. The V(3)}O(5)}V(3) arrangement is forbidden,



FIG. 1. Structure of the polyoxovanadate ion with all possible arrangements (top). Anisotropic thermal vibrations are shown using 50% probability.
Structures of the O(6)"V(2)}O(5)

8!5%3
}V(2)"O(6) arrangement (middle) and the O(6)"V(2)}O(5)"V(3)---O(7)

8!5%3
arrangement (bottom). Shaded

circles represent H
2
O molecules. Symmetry codes: (xviii) x, 1!y,!z; (xix) !x, 1!y,!z.
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FIG. 2. Location of the [V
10

O
30

(H
2
O)]12~ polyoxovanadate ion in a unit cell. For conciseness, all of the ions are drawn with the V(2)}H

2
O}V(2)

arrangement and only one polyoxovanadate ion is shown completely.
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because the O(5) atom shows a too high bond valence
sum (hereafter BVS) of ca. 4 (Table 3). Acceptable arrange-
ments are therefore V(2)}O(5)}V(2) and V(2)}O(5)}V(3),
or more precisely O(6)"V(2)}O(5)}V(2)"O(6) and
O(6)"V(2)}O(5)"V(3)---O(7) as depicted in Fig. 1, which
agrees with g (V(2))'g(V(3)), g (V(2))"g(O(6)), and
g(V(3))"g (O(7)) (Table 1). Possible occupations are there-
fore V(2)}O(6) pair and V(3)}O(7) pair. However, the
V(3)}O(7) distance (3.391(17) As ) is too long to be considered
as a V}O bond (Table 2). Thus the coordination sphere
obtained for V(2)O

6
octahedron is V(2)O(6)O(3)

4
O(5) and

that for V(3)O
5

square pyramid is V(3)O(5)O(3)
4
. It is no-

ticeable that the V(2)O
6
}V(2)O

6
and V(2)O

6
}V(3)O

5
ar-

rangements are distributed randomly.
The O(7) atom shows a too low BVS even if the V(3)}O(7)
&&bond'' is counted (Table 3), indicating that the O(7) atom
corresponds to H
2
O. The obtained model includes non-

water O(1)}O(6) atoms and a water O(7) atom. The O(5)
atom in the V(2)}O(5)}V(3) arrangement and all of the O(6)
atom are nonwater O atoms, because they form V}O
double bonds. However, the O(5) atom in the V(2)}O(5)}
V(2) arrangement shows a BVS of 0.47 which is too low for
an oxide O atom and therefore the O(5) atom in the
V(2)}O(5)}V(2) arrangement is a water O atom. Thus ob-
tained O(6)"V(2)}O(5)

8!5%3
}V(2)"O(6) and O(6)"V(2)}

O(5)"V(3)---O(7)
8!5%3

arrangements (Fig. 1) are consistent
with the BVS of the O(5) atom (Table 3). Taking into
account that one side of the O(5) position is always occupied
by the V(2) atom, namely 1

2
4g (V(2))41, the probability of

the former arrangement is 2g (V(2))!1 and the probability
of the latter arrangement is 2!2g (V(2)). The composition of
the polyoxovanadate ion is "xed at [V

10
O

30
(H

2
O)]12~



FIG. 3. Linkage among the Ba(1) atom and adjacent three polyoxovanadate ions. The V(2)}O}V(3) arrangement is neglected for conciseness.
Anisotropic thermal vibrations are shown using 50% probability.
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independent of g(V(2)). The total composition becomes
Ba

6
[V

10
O

30
(H

2
O)] ) 2.5H

2
O, including the O(8) atom. The

BVS and the composition indicate that the V(1) cation is
pentavalent and the V(2) and V(3) cations are tetravalent.

Linkage of the Polyoxovanadate Ions through the Ba Atoms

The Ba(1) and Ba(2) atoms play a role in connecting the
discrete polyoxovanadate ions (Figs. 2}4). Hereafter, each
polyoxovanadate ion is expressed by its constituent O(5)
atom, for example the O(5)*9 polyanion. The Ba(1) atom is
coordinated by 11 O atoms and binds three polyoxovana-
date ions (Table 2, Figs. 2 and 3). The Ba(1) atom shares two
O(2)}O(3) edges and a corner O(6) (or O(7)) atom with the
O(5) polyanion, two O(1)}O(3) edges with the O(5)*9 poly-
anion, and two corner O(1) atoms with the O(5)* polyanions
(Figs. 1 and 3). Thus, all 11 of the O atoms are used for
binding the three polyanions. The Ba(2) atom is coordinated
by 12 O atoms and binds six polyanions (Table 2, Figs. 2
and 4). The Ba(2) atom and each polyanion share an
O(1)}O(2) edge (Figs. 1 and 4).

The Ba(3) sites form a 12-membered cluster at the (0, 0, 0)
and (1

2
, 1
2
, 1
2
) positions, namely, in the void surrounded by the

polyanions. Considering the occupancy, however, each clus-
ter accommodates only two Ba(3) atoms. The Ba(3) atom is
coordinated by two O(2) and two O(4) atoms, and by three
or four O(8) water molecules (Table 2, Fig. 5). The Ba(3)
atom and O(5) polyanion share a pair of O(2)}O(4)



FIG. 4. Linkage among the Ba(2) atom and adjacent six polyoxovanadate ions. The V(2)}O}V(3) arrangement is neglected for conciseness.
Anisotropic thermal vibrations are shown using 50% probability.
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edges. In Fig. 5, the four O(8) sites indicated by dashed-line
circles are occupied partially. Considering the occupancy
(Table 1), a quarter of the Ba(3) atom is coordinated by three
O(8) water molecules and the other by four O(8) water
molecules.

Magnetic Property of Ba6[V10O30(H2O)] ) 2.5H2O

The present phase is paramagnetic and free from any
magnetic transition down to 5 K (Fig. 6), probably re#ecting
the discrete location of the polyoxovanadate ion. The mag-
netic susceptibility can be analyzed as a sum of the
Curie}Weiss term and the temperature-independent term.
The obtained Curie constant, Weiss temperature, and
temperature-independent susceptibility are 0.6802(7) emu
Kmol~1, 0.48(7) K, and !8.0(2)]10~5 emumol~1, respec-
tively, where &&mol'' corresponds to the composition
Ba

6
[V

10
O

30
(H

2
O)] ) 2.5H

2
O. The Curie constant gives the

VIV/VV ratio of 1.81/8.19, which is consistent with 2/8 ob-
tained from the analytical composition.

Comparison with the Related Phase Ba5.33(H3O)0.33[V10O30]

The present Ba
6
[V

10
O

30
(H

2
O)])2.5H

2
O (a"16.8323(2) As )

appears to be related with Ba
5.33

(H
3
O)

0.33
[V

10
O

30
]

(a"16.9439(2) As ) reported by Zubieta and his co-workers
(2). Both phases were synthesized hydrothermally, but the
starting materials and reaction temperatures were totally



FIG. 5. Coordination sphere of the Ba(3) atom with its adjacent one polyoxovanadate ion and Ba atoms. The V(2)}O}V(3) arrangement is neglected
for conciseness. Anisotropic thermal vibrations are shown using 50% probability. The thermal parameter of O(8) is isotropic.

FIG. 6. Inverse magnetic susceptibility of Ba
6
[V

10
O

30
(H

2
O)] )2.5H

2
O

versus temperature.
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di!erent in the two studies. Moreover, the lattice parameters
and the total compositions of the two are signi"cantly
di!erent. Ba

5.33
(H

3
O)

0.33
[V

10
O

30
] lacks the Ba(3) atom

and the charge neutrality is achieved by introducing ques-
tionable H

3
O`. In addition, Zubieta et al. did not clarify the

signi"cant di!erence in the coordination spheres of the V(2)
and V(3) atoms. Consequently, the present Ba

6
[V

10
O

30
(H

2
O)] )2.5H

2
O is distinguishable from Ba

5.33
(H

3
O)

0.33
[V

10
O

30
].
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