
2266 MgB2UO 7 

L'uranium est entour6 d'un octa6dre aplati compos6 
de quatre oxyg6nes dans le plan des feuillets et une 
liaison uranyle O ( 3 ) - U - O ( 3 )  pratiquement per- 
pendiculaire de 1,7.9 A. Le magnesium est 6galement au 
centre d'un octa6dre et dans le plan des feuillets, les 
poly6dres MgO6 et UO6 sont li6s entre eux par une ar&e 
et un sommet. Les atomes de bore sont au centre de 
triangles plans reli6s par paires par l'atome 0(5). Ils 
sont joints par les sommets aux octa6dres entourant le 
magnesium et par l'ar&e O(1)-O(4)  aux poly~dres 
entourant l'uranium. Les atomes O(1), O(2), 0(4)  et 
0(6)  sont donc communs fi trois cations. Dans la 
direction perpendiculaire, la cohesion de la structure est 
assur6e par les atomes 0(3)  qu! relient dans la direction 
z les octa6dres UO 6 et MgO 6, formant des chalnes 
Mg-O--U.  Cette disposition en feuiUets explique bien la 
forme des cristaux aplatis scion [00z] et toutes les 
distances sont conformes aux normes habituelles. 

Enfin, le point commun entre ce diborouranate e t  
CaB 2UzO ~0 (Gasperin, 1987) est qu'ils contiennent tous 
deux des entit6s (B2Os) 4- rencontr6es pour la premiere 
fois dans T1NbB20 6 (Gasperin, 1974). 
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Abstract. Ba(VO3)2.H20 , M r = 353.22, orthorhombic, 
P21212 ~, a = 8.997 (2), b = 9.728 (2), c = 7.409 (1) A, 
V = 648.5 (2) A 3, Z = 4, D m = 3.604, D x = 
3.617 g cm -3, Mo Ka, 2 = 0.71069 A, ~t = 
91.375 cm -~, F(000)--  640, room temperature, R = 
0-039 for 1310 independent reflections. Each V atom is 
coordinated b y  four O atoms forming a tetrahedron 
which is connected with others to form a twisted spiral 
parallel to c. The Ba atom is coordinated by nine O 
atoms and one water molecule. 

Introduction. The common structural feature of the 
hydrated metavanadates determined so far is the 
presence of chains formed by connection of VO 5 
polyhedra. Fivefold V coordination was found by 
Christ, Clark & Evans (1954) in KVO3.H20 , by Kelsey 

& Barnes (1962) in Ca(VOa)2.2H20 , by Ahmed & 
Barnes (1963) in Ca(VO3)2.4H20 , by Sedlacek & 
Dornberger-Schiff (1965) in Sr(VOa)E.4H20 , by Saf- 
janov, Bo~kova, Kuzmin & Belov (1976) in 
Co(VOa)2.4H20 and by Ulickfi (1987) in 
Cd(VO3)E.4H20. This uniformity of the VO 5 polyhedra 
is particularly surprising in the case of KVOa.H20 
since, according to Petrfigovfi, Madar & Hanic (1958), 
anhydrous KVO 3 consists of chains of VO 4 tetrahedra. 
Fourfold O-atom coordination of V atoms is also 
typical for the other anhydrous metavanadates of 
composition MtVOa . It is therefore desirable to examine 
the factors which influence the coordination number of 
vanadium in the metavanadates, since the small number 
of available structure determinations does not provide 
conclusive information. The crystal structure of 
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Table 1. Fractional coordinates (x 104) and equivalent 
isotropic thermal parameters (A 2) with e.s.d.'s in 

parentheses for  Ba(VO3)2.H20 

3 

Bey = ~ L B . a  2. 
i=1  

x y z 
Ba 999 (1) 5206 (1) 7447 (I) 
V(1) -47 (I) -46 (1) 2705 (I) 
V(2) 2666 (1) 1769 (1) 4654 (1) 
O(1) -1227 (6) -1043 (5) 3821 (8) 
0(2) -1043 (7) 920 (6) 1350 (8) 
0(3) 907 (6) 914 (6) 4449 (7) 
0(4) 1261 (7) -1035 (6) 1430 (9) 
0(5) 2375 (6) 3407 (6) 5095 (7) 
0(6) 3640 (6) 1723 (6) 2800 (8) 
0(7) 1387 (8) 1801 (8) -1213 (10) 

Discussion. The crystal structure of Ba(VOa)2.H20 
projected onto the (001) plane is shown in Fig. 1. The 
metavanadate anion is formed by VO 4 tetrahedra which 
are connected by means of common 0(3) and 0(4) 
atoms into infinite twisted spiral chains along e, as 
depicted in Fig. 2. The bond lengths between V and the 

Beq O atoms shared by two neighbouring VO 4 tetrahedra 
1.19 are much longer than those between V and unshared O 
1.05 atoms (see Table 2). This phenomenon is obviously 1.08 
1.22 caused by repulsive forces between V(1) and V(2). 
1.48 The interatomic V - O  distances and O - V - O  bond 
1.38 
1.84 angles listed in Table 2 indicate two types of differently 
1.47 distorted VO 4 tetrahedra. The O - V - O  angles show 
1.69 that the distortion of the tetrahedron centred on V(1) is 
2-60 

somewhat greater than that centred on V(2). This might 

B a ( V O 3 ) 2 . H 2 0  presented here provides further relevant 
structural data. 

Experimental. Single crystal obtained according to 
Zurkovfi, t~orba & Suchfi (1968), 0 .10x  0.18 x 
0.21 mm; D m by flotation in Clerici solution; sys- 
tematic absences and space group from Weissenberg 
photographs; Syntex P21 diffractometer; unit-cell 
parameters by least-squares fit of positional angles of 
25 reflections with 21 < 2 0 < 3 8  °. Graphite monochro- 
mator, Mo Ko~ radiation; o9-20 scan mode, variable 
scan rate 1.5 to 29.3 ° 20min-~; three standard 
reflections monitored every 47 reflections, no sig- 
nificant systematic fluctuation; background at each end 
of the scan for one half of the scan time; 1615 measured 
reflections with 3.5 < 20 < 67 ° (h = 0-14, k = 0-15, 
1=0-11) .  Intensities corrected for empirical absorp- 
tion based on 13 reflections and their symmetry 
equivalents; 1019 ~ measurements (Flack, 1977) 
(max., min. transmission 1.17, 0.80). Mean Rin t for 
~' intensities dropped from 11.8 to 5-7%. 1483 unique, 
1310 observed [ t F ol > 3a(F)] reflections. Structure 
solved by Patterson and Fourier methods with XFPS86 
(Pavel~ik, 1986). Refinement on I Fol by full-matrix 
least squares with anisotropic thermal parameters; 
R =0.0394,  wR =0-0495 for observed data, R = 
0.0437 for all reflections; (A/tr)max= 0"07; weighting 
scheme w -l = tr2(F) + (0.04 IF o I )2; scattering factors 
for neutral atoms from International Tables for  X-ray 
Crystallography (1969); anomalous dispersion for Ba 
and V atoms; S = 0 . 6 2 ;  (Ap)max= 1.29, (AP)min= 
--0"97 e A -3. H atoms were not located. Final atomic 
coordinates and equivalent isotropic temperature fac- 
tors are given in Table 1.* 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 44279 ( l l  pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH l 2HU, England. 
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Fig. 1. Projection of Ba(VOa)2.H20 crystal structure onto the (001) 
plane. 

\/4, 
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Fig. 2. Spiral chain in Ba(VO3)2.H20. 
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Table 2. Interatomic distances (A) and bond angles (o) 
with e.s.d.'s in parentheses for  Ba(VO3)2.H20 

Ba-O(P) 2.789 (5) V(1)-O(I) 1.658 (5) 
Ba-O(V) 3.027 (6) V(1)-O(2) 1.643 (6) 
Ba-O(2 ~) 2.899 (6) V(1)--O(3) 1.812 (5) 
Ba-O(2 ~) 3.012 (6) V(1)-O(4) 1.789 (6) 
Ba-O(3 *) 2.949 (5) V(2)-O(3) 1.795 (6) 
Ba-O(5 Hr) 2.794 (5) V(2)-O(4 ~) 1.781 (6) 
Ba-O(5) 2.763 (6) V(2)-O(5) 1.647 (6) 
Ba-O(6 ~) 3.016 (6) V(2)-O(6) 1.630 (6) 
Ba-O(6 ~) 2.840 (6) 
Ba-O(71~ 2-802 (7) 

O(1)--V(I)--O(2) 106.8 (2) O(5)-V(2)--O(6) 106.2 (2) 
O(1)--V(1)--O(3) 104.4 (2) O(5)-V(2)--O(4 ~) 109.1 (2) 
O(1)--V(1)-O(4) 111.7 (2) O(5)--V(2)--O(3) 108.9 (2) 
O(2)--V(1)--O(3) 113.5 (2) O(6)--V(2)--O(3) 112.9 (2) 
O(2)--V(I)--O(4) 110.1 (3) O(6)--V(2)-O(4 ~') 108.7 (2) 
O(3)-V(1)-O(4) 110.0 (2) O(3)--V(2)--O(4 ~) 110.7 (2) 
V(1)--O(3)--V(2) 135.8 (3) V(1)--O(4)-V(2 ~) 164.0 (4) 

Symmetry code: (i) 0-5+x, 0.5-y, -z; (ii) -x, 0.5+y, 0.5-z; (iii) 
0.5-x, -y, 0.5+z; (iv) x-0.5, 0.5-y, -z; (v) -x, 0.5+y, 1.5-z; 
(vi) 0.5-x, -y, z-0.5. 

be explained by the formation of an H bond between 
the H20 molecule, 0(7), and the terminal O atom of the 
V(1) polyhedron. The second H bond formed between 
0(7)  and the bridging O atom does not greatly affect 
the symmetry of the V(2) tetrahedron. The H bonds are 
postulated from the interatomic distances O(1 ii)... 0(7)  
and O(4ii~ . . .O(7) which are 2.749 (9) and 
2.842 (10)A, respectively; the angle O(lii) . . .O(7).. .  
O(4~) is 129.4 (3) °. 

Interatomic distances and bond angles in the VO 4 
tetrahedra are in good agreement with those found by 
Petrfi~ov~, Madar & Hanic (1958), Syne~ek & Hanic 
(1954), Shannon & Calvo (1973), Marumo, Isobe & 
Iwai (1974) and Ganne, Piffard & Tournoux (1974) in 
the structures of KVO 3, NH4VO3, LiVO3, NaVO 3 and 
T1VO a, respectively. 

The Ba atom in the structure of  Ba(VOa)2.H20 is 
surrounded by nine O atoms of the neighbouring VO 4 
polyhedra and by one water molecule, forming an 
irregular polyhedron. Only B a - O  distances less than 
3.10A are taken into account; the next smallest Ba. . .O 
distance is 3.475 (8) A. 

The crystal structure of Ba(VOa)2.H20 has no 
analogue amongst hydrated metavanadates; the four- 
fold vanadium coordination observed here represents 
an exception from the above-mentioned uniformity of 
vanadium-oxygen chains. Its unique feature is the 
spiral twisted anion chain which has not been found so 
far in any other metavanadate structure. 
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• Structure de l'Octatellurure de Diarsenic  et de Pentagermanium 
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(Regu le 13 mars 1987; acceptd le 6 aoat 1987) 

Abstract. As2GesTes, M r =  1533.6, trigonal, P3ml ,  
a = 4 - 1 1 4 ( 1 ) ,  c = 2 7 . 5 6 ( 1 ) A ,  V = 4 0 3 . 9 ( 4 ) A  3, 
Z = l ,  Dx=6 .30  , Dm--6 .2(2)Mgm -3, 2(MoK~)= 
0.7107A, ~ = 2 8 . 7 4 m m  -l, F(000)=642,  T = 2 9 3 K ,  

R = 0 . 0 5 0 8  for 395 independent reflections. The 
structure consists of one sheet of As2Te 3 and five sheets 
of composition GeTe in which all the atoms have 
octahedral coordination. 
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