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Abstract 

The fl-AgxV205 phase of silver vanadate has a large 
homogeneity range, 0.29 _< x _< 0.41; the (V205),, net- 
work of its crystal structure is typical of the/3 phase 
of the vanadium oxide bronzes with its oxygenated 
tunnels running along [010]. Ag atoms are inserted in 
a novel manner, being distributed onto two distinct 
crystallographic sites, which explains the over- 
stepping of the theoretical boundary limit of the/3 
phases, x -- 0.33. 

Comment 
The structure type of fl phases was depicted for the 
first time by Wadsley (1955) for the sodium 
vanadium oxide bronze fl-NaxV2Os. A wide family 
has followed, fl-MxV2Os, where M represents 
alkaline, alkaline earth, Cu, Ag, Cd or Pb metals. 
Galy and co-workers (Galy & Hardy, 1964; Galy, 
Darriet & Hagenmuller, 1971) studied LixV205 and 
demonstrated the existence of two phases, fl and fl', 
the difference between them being the mode of 
lithium insertion. Various possibilities have been 
analysed and discussed by Galy, Darriet, Casalot & 
Goodenough (1970). 
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To understand the homogeneity range for these 
phases, related directly to the M-atom insertion 
mode, several investigations have been undertaken. 
The /3 and /3' phases are characterized by closely 
related networks of [VzOs]n which result from the 
association by edges and corners of triple infinite 
chains built up by g ( 1 ) O 6  and V(2)O6 octahedra and 
V(3)Os square pyramids (Fig. 1). In the/3 phase of 
NaxV2Os, the Na or M atoms are distributed over a 
crystallographic site, M(1) [here Ag(1)]; this site, 
repeated by a centre of symmetry of the C2/m space 
group, produces a type of 'M doublet' inserted in the 
large bicapped rhombic prism O(6b)[O(8)O(4)O(8c)- 
O(4c)]20(6d). Due to the short distance which 
separates M(1) and M(lc), only 50% of the sites are 
occupied, giving a theoretical upper limit of 
Mo.33V205 for the/3 phases. 

Recently, in companion papers, Permer & Ferey 
(1993) and Savariault, D6ramond & Galy (1993) 
reported investigations of the /3' phases of 
iron and copper; in these phases both iron and 
copper occupy the oxygenated tetrahedra built up by 
O(8), 0(4) and two O(6b) [or O(8c), 0(4) and two 
O(6d)]. Such an insertion mode allows these phases 
to reach the maximum formula mo.66V20 5. The 
problem with AgxV2Os, studied by Casalot & 
Pouchard (1967), is knowing if it belongs to the/3 or 
/3' type, or both, via its silver insertion within the 
tunnels. 

The crystal structure clearly establishes that the Ag 
atoms are distributed in the bicapped rhombic prism 
but unusually over four sites, Ag(1), Ag(2), Ag(lc) 
and Ag(2c). Clearly, Ag.,-V205 is not a /3' phase. 
Among the/3 phases, AgxV205 is the first exhibiting 
these two insertion sites. The Ag(1) site in the mono- 
capped trigonal prism 0(6b)[0(8)0(8c)0(4c)]2 is 
similar to that of Na in Wadsley's phase (Wadsley, 
1955) (Fig. 2). Ag(lc) being situated 1.925 (3) A from 
Ag(1) implies that these sites can only be half 
occupied, which is confirmed by Ha-Eierdanz & 
Mfiller (1993). 

The coordination number (CN) 7 of Ag(1) 
indicates regular Ag--O distances [Ag(1)---O= 
2.390 (1)-2.655 (2)A] which correspond to classical 
AgI--O interatomic distances according to Wells 
(1975). Ag(2), close to Ag(1) at a distance of 
0.415 (2)A, still in the monocapped trigonal prism, 
is displaced towards O(6b) [Ag(2)...O(6b) = 
2.160(4)A]. The A~--O distances range from 
2.160 (4) to 2.854 (3)A. Of course, Ag(1) and Ag(2) 
cannot be occupied simultaneously as well as Ag(2) 
and Ag(lc) [or Ag(1) and Ag(2c)], but Ag(2) and 
Ag(2c), with an interatomic distance of 2.750 (4)A, 
can. 

The theoretical x = 0.33 value for the existence of 
the/3 phase is not now the upper limit; the new limit 
is x = 0.66, as for the/3' phase. 
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Th i s  s t r u c t u r e  d e t e r m i n a t i o n  s h o w s  h o w  the  f ami ly  
o f  s i lver  v a n a d i u m  ox ide  b r o n z e s  can  exist  for  t he  
h o m o g e n e i t y  r a n g e  0.29 ___ x - 0.41 a n d  ind ica t e s  its 
o r ig ina l i t y  a m o n g  fl a n d  f l '  phases ,  even  if  it cons t i -  
tu tes  a s l ight ly  d i f f e r en t  ve r s ion  o f  the  fl phase .  

Fig. 1. Projection of the cell along the b axis; symmetry codes are 
reported in Table 2. Open atoms are situated at elevation 0, 
filled atoms at elevation ~. 

o ts') o (8c ' )  

o (6b)~ 

o (8', o (8c) 

o (4c) 

Fig. 2. View of the Ag-atom sites. 

Absorption correction: 
empirical ( DIFABS; 
Walker & Stuart, 1983) 
Tmt~ = 0.62, Tmax = 0.99 

2353 measured reflections 
2288 independent reflections 

h = - 2 7  ~ 27 
k = 0---~ 6 
l = 0---~ 18 
3 standard reflections 

_ _  

(040, 006, 710) 
frequency: 60 min 
intensity variation: none 

Refinement 
Refinement on F 
R = 0.0447 
wR = 0.0498 
S-- 1.067 
2055 reflections 
80 parameters 
w -- 1.73/[0"2(F) + 0.005F 2] 
(m/o ' )max  = 0 . 0 2  

Apmax = 1.8 e A,- 3 
Apmin = - 3 . 3  e ,~-3 

Extinction correction: 
SHELX76 (Sheldrick, 
1976) 

Extinction coefficient: 
0.0025 x 10 - 4  

Atomic scattering factors 
from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2) 

Ag( 1 ) 
Ag(2) 
V(1) 
V(2) 
V(3) 
O(1) 
0(2) 
0(3) 
0(4) 
0(5) 
0(6) 
0(7) 
0(8) 

s.o.f, t 
0.36 
0.24 

Beq = (8rr2/3)~i~jUija; a; ai.aj. 

x 
0.4961 (6) 
0.4981 (1) 
0.33725 (3) 
0.11720 (3) 
0.28800 (3) 
0 
0.1859 (1) 
0.3658 (1) 
0.4373 (2) 
0.2646 (1) 
0.1090 (2) 
0.2419 (2) 
0.3993 (2) 

y z Beq 
1/2 0.5932 (1) 1.53 (2) 
1/2 0.6353 (2) 1.95 (4) 
0 0.10060(4) 0.65(1) 
0 0.11788(4) 0.76(1) 
0 0.41044 (4) 0.746 (6) 
0 0 1.30 (6) 
0 -0.0537 (2) 0.83 (4) 
0 -0 .0770 (2) 0.94 (4) 
0 0.2191 (2) 1.22 (5) 
0 0.2239 (2) 0.83 (4) 
0 0.2727 (2) 1.63 (5) 
0 0.5739 (2) 0.89 (4) 
0 0.4736 (2) 1.31 (5) 

t Site occupancy factor. 

E x p e r i m e n t a l  

Crystal data 

A g 0 . 4 V 2 0 5  

Mr = 225.03 
Monoclinic 
C2/m 
a = 15.388 (8) ~, 
b = 3.6139 (3) ,~ 
c -- 10.088 (4) .~ 
/3 = 109.94 (2) ° 
V = 527.37 (4) ]k 3 
Z = 6  

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
wl20 scans [A0 = (1.1 + 

2.5tan0) °] 

Dx = 4.25 Mg m -3 
Mo Ka radiation 
A = 0.71069 ]k 
Cell parameters from 25 

reflections 
0 = 11-36 ° 
# = 7.59 rnm-  l 
T = 293 K 
Elongated plates 
0.4 x 0.1 x 0.025 mm 
Black with metallic lustre 

2055 observed reflections 
[I > 3o'(1)] 

Rint = 0.049 
0max = 4 0  ° 

Table 2. Selected geometric parameters (~,) 
V(1)--O(4.) 1.595 (2) V(3)--O(7 ii) 1.8847 (7) x 2 
V(1)--O(2') 1.8771 (5) x 2 V(3)--O(6) 2.627 (2) 
V(1)--O(5) 1.935 (2) Ag(1)--o(6i.i.) 2.437 (3) 
V(I)--O(3) 1.985 (2) Ag(1)--O(4"') 2.565 (2) x 2 
V(1)--O(2) 2.318 (2) Ag(1)--O(8).. 2.390 (I) x 2 
V(2)--O(6) 1.609 (2) Ag(1)--O(8~.'. ') 2.655 (2) x 2 
V(2)--O(I.) 1.7899 (4) Ag(2)--O(6')) 2.160 (4) 
V(2)--O(3') 1.8913 (7) x 2 Ag(2)--O(4 m) 2.327 (2) x 2 
V(2)--O(5) 2.153 (2) Ag(2)--O(8).. 2.558 (2) x 2 
V(2)--O(2) 2.316 (2) Ag(2)--O(8"') 2.854 (3) x 2 
V(3)--O(8) 1.611 (2) Ag(1)--Ag(2) 0.415 (2) 
V(3)--O(5) 1.791 (2) Ag(1)--Ag(l~.~)) 1.925 (3) 
V(3)--O(7) 2.004 (2) Ag(2)--Ag(2 w) 2.750 (4) 

Symmetry codes: (i) ½ - x, ½ + y , -z ;  (ii) ½ - x, ½ + y, 1 - z; 
(iii) 1 - x ,  y ,  1 - z .  

/3-Ag0.4V205 powder was prepared in two steps. First, AgVO3 
was obtained by heating at 873 K a mixture of V205 and 
Ag2CO3 in the ratio 1:1. Second,/3-Ag0.4V205 was obtained 
from AgVO3, V203 and V205 mixed in the ratio 4:7:1 and 
heated at 873 K in a sealed quartz tube. Crystallogenesis was 
conducted by melting the bronze powder at 973 K, followed by 
slow cooling (283 K h -1 ) to 873 K and finally quenching in air. 
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Lorentz and polarization corrections were applied to inten- 
sity data. Patterson methods were used to solve the structure. 
Calculations were performed using SHELX software (Sheldrick, 
1976, 1985) on an Alliant VFX/80. Distances were calculated 
using ORFFE (Busing, Martin & Levy, 1964); molecular graph- 
ics were obtained using ORTEPII (Johnson, 1976). 

We thank CNRS and Region Midi-Pyr6n6es for their 
support. 

Lists of structure factors, anisotropic displacement parameters and com- 
plete geometry have been deposited with the British Library Document 
Supply Centre as Supplementary Publication No. SUP 71519 (17 pp.). 
Copies may be obtained through The Technical Editor, International 
Union of Crystallography, 5 Abbey Square, Chester CH 1 2HU, Eng- 
land. [CIF reference: DU1054] 
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Abstract 
The Yb atoms occupy independent,  slightly distorted 
octahedral  sites. All the metal  sites are fully 
occupied. The structure consists of  pairs of  [YbS6] 
octahedra  forming chains parallel to the (111) 
axis. In this direction, between two pairs of  octa- 
hedra, there is an empty octahedral  site. The com- 
pound may  also be described as a layered structure; 
each layer is alternately composed of  Yb and S 
atoms. 

Commentaire 
Le present travail fait partie d 'une  6tude syst6ma- 
tique des sulfures de terres rares effectu6e au labora- 
toire. Rappelons que l 'y t terbium pr6sente la 
particularit6 de pouvoir  prendre deux &ats de 
valence (2 + et 3 +). 

L'6tude du binaire Yb-S  r6v61e en particulier, 
l 'existence du sulfure d 'y t te rb ium trivalent Yb2S3, 
rhombo6drique dont  la structure de type A1203 est 5. 
rapprocher  de celle de Lu2S 3 (Range & Leeb, 1975). 
La structure cristalline de ce compos6 a 6t6 entreprise 

part i r  de clich6s de poudre  (Flahaut ,  Domange  & 
Pardo,  1964; Sleight & Prewitt,  1968). I1 nous a 
sembl6 donc indispensable de reprendre cette 6tude 
sur monocristal .  

Le sulfure d 'y t te rb ium utilis6, de couleur jaune,  est 
pr6par6 par  action de sulfure d 'hydrog6ne sur 
l 'oxyde Yb203 dans une nacelle en graphite,  chauff6e 
dans un four ~ induction h 1373 K. Les monocris-  
taux sont obtenus par  chauffage ~ 1273 K pendant  
huit jours  du m61ange 10KBr + Yb2S3 en ampoule  de 
silice scell6e sous vide. Le refroidissement est lent. 
KBr est 61imin6 par  lavage ~ l 'eau froide. 

La Fig. 1 pr6sente la structure en volume ainsi que 
l 'encha~nement des octa6dres. Les coordonn6es 
a tomiques relatives et les facteurs d 'agi ta t ion 
thermique isotrope 6quivalents sont donn6s dans 
le Tableau 1, les principales distances interatomiques 
et les angles entre les liaisons Y b - - S  dans le 
Tableau 2. 
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