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O(13)...O(22) = 2,53 A; O(23)--H...O(12) avec 
O(23)...O(12) = 2,60 A; P(2)---O(23)--O(12)= 103°; 
P(1)--O(13)--O(22)= 106 °. Ce rrseau de liaison 
hydrogrne assure la rigidit6 du rrseau. 
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Abstract. Ag9NaP8024(NO3)2.4H20 , Mr = 1821.638, 
orthorhombic, Cmcm, a = 17.254 (5), b = 7.543 (1), 
c =  23.465 (5) A, V=3054(2)  A 3. Z = 4 ,  Dx= 
3.961 Mg m -3 h(Ag Ka) = 0.5608 A, # = 
3.086 m m -  ~, it(000) = 3392, T = 294 K, final R = 
0.044 for 1614 reflections. The title compound pro- 
vides the first evidence for the coexistence of NO3 
groups and condensed phosphoric anions in an 
atomic arrangement. The P8024 ring anion has 2/m 
internal symmetry, while the NO3 group has mirror 
symmetry. Layers containing the phosphoric rings 
alternate with layers of NO3 groups perpendicular to 
the c direction, while all the water molecules are 
located in planes x = 0 and I. A statistical Ag-Na 
distribution is observed for one of the cation posi- 
tions. Two of the four water molecules are not 
involved in the associated cation polyhedra. 

Introduction. More than 20 years ago Sch/ilke 
(1968a,b) reported a process for the production of 
convenient amounts of sodium cyclo-octaphosphate 
hexahydrate, Na8P8024.6H20. In spite of the possi- 
bility offered to explore cyclo-octaphosphate chemis- 
try by using this salt as a starting material, the rare 
examples of cyclo-octaphosphates investigated in 
detail since this date have been characterized either 
during elaborations of phase-equilibrium diagrams, 
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or during the investigation of various systems by 
flux methods. A series of four isotypic compounds 
Cu3M2PsO24 was characterized during the elabor- 
ation of the MPO3-Cu2P40~2 phase-equilibrium dia- 
grams for M = Rb, Cs and T1 (Lafigt, Scory& Durif, 
1968; Laiigt & Martin, 1972; Laiigt, 1974a,b,c) and 
for the ammonium salt during an investigation of the 
C u O - P 2 O s - ( N H 4 ) 2 0  system (Lafigt, 1974c; Laiigt & 
Guitel, 1975). Other cyclo-octaphosphates of general 
formula MEKEP8024 with M--A1,  Fe (Grunze, Chu- 
dinova & Palkina, 1983), M = Ga (Palkina, Maksi- 
mova, Kusnetsov & Chudinova, 1979) and M = V 
(Lavrov, Voitenkov & Tselebrovskaya, 1981), were 
discovered during investigations of the correspond- 
ing KEO-PEOs---M203 systems by flux methods. In all 
cases, the true nature of the anion was recognized 
during the structural investigations. Recently, the 
atomic arrangement of Na8PaO24.6H20 was 
determined by Sch/ilke, Averbuch-Pouchot & Durif 
(1992). 

In order to generalize Boullr's metathesis reaction 
(Boullr, 1938) commonly used for the production of 
water-soluble cyclo-phosphates, we tried to prepare a 
silver cyclo-octaphosphate. During these attempts we 
identified various mixed compounds and among 
them Ag9NaPsOE4(NOa)2.4H20, the object of the 
present structural investigation. The formation of 
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Table 1. Final atomic coordinates and equivalent iso- 
tropic thermal parameters (A 2) for AggNaPsO24- 

(NO3)2.4H20, with e.s.d.'s in parentheses 

B~a = ( 4/3 ) EiZj  fl  oa ~ .a i. 

x y z B~ 
Ag(1) 0 0.3385 (1) 0.03390 (4) 1.74 (1) 
Ag(2) 0.21658 (5) 0.3718 (1) 0.14692 (3) 2.50 (1) 
Ag(3) 0.38723 (8) 0.2476 (2) ~ 2.92 (2) 
Ag(4) 0.3160 (1) 0 0 4.63 (5) 
Na(4) 0.3160 0 0 4.63 
P(1) 0.1376 (1) 0.0385 (3) 0.43819 (8) 1.07 (3) 
P(2) 0.4160 (1) 0.2084 (2) 0.38980 (7) 1.00 (2) 
(3(Ell) 0.1192 (4) 0.2272 (8) 0.0765 (2) 2.0 (1) 
O(L11) 0.1012 (4) 0 0 1.4 (1) 
0(L12) 0.4166 (3) 0.4188 (7) 0.3990 (2) 1.27 (8) 
0(E12) 0.2816 (3) 0.4734 (9) 0.0650 (2) 2.1 (1) 
O(E21) 0.4128 (4) 0.1185 (8) 0.0533 (2) 1.66 (9) 
0(E22) 0.3582 (4) 0.1593 (8) 0.1541 (2) 1.9 (1) 
O(L22) a2 0.1843 (9) 0.3612 (3) 1.2 (1) 
N 0.1828 (6) 0.152 (1) ~ 1.7 (2) 
0(1) 0.2096 (8) 0.305 (2) ~ 4.2 (2) 
0(2) 0.1701 (5) 0.077 (1) 0.2043 (3) 3.6 (1) 
O(I4/1) 0 0.239 (1) 0.1692 (4) 2.7 (2) 
0(14/2) 0 0.958 (2) ~ 3.0 (3) 
O(W3) 0 0.522 (2) 41 3.2 (3) 

mixed phosphate-nitrates was observed several times 
during the preparation of the silver salts of higher 
ring phosphates. This fact is very probably to be 
attributed to the complexing ability increasing with 
the ring size in the alkali derivatives. 

Experimental. Crystals of the title compound were 
obtained by adding a diluted aqueous solution of 
silver nitrate to an aqueous solution of 
NasP8024.6H20 in the stoichiometric ratio required 
to obtain AgsP8024. After some days of digestion at 
room temperature, the amorphous precipitate trans- 
formed into large multifaceted polyhedra having a 
strong pseudo-ternary symmetry. 

Crystal size 0.24 x 0.24 x 0.24 mm. Density not 
measured. Philips PW1100 diffractometer, graphite 
monochromator. 17 reflections (10.50 < 0 < 12.10 °) 
for refining unit-cell dimensions, co scan, scan width 
1.20 °, scan speed 0.02°s-1; total background- 
measuring time 6 s. 4983 scanned reflections (3 < 0 
< 30°), 2436 non-zero reflections; h, k, l: hm~, = 28, 
kmax = 12, /max = 41. Two orientation and intensity 
control reflections (10,0,8 and 10,0,8), measured 
every 4 h showed no significant variation. Lorentz 
and polarization corrections. Spherical absorption 
correction with transmission factors between 0.562 
and 0.556. 

Crysta ls t ructure  solved using direct methods 
(MULTAN77; Main, Lessinger, Woolfson, Germain 
& Declercq, 1977) for the location of the heavy 
atoms and successive Fourier syntheses. H atoms not 
located. During the first preliminary refinements, it 
clearly appeared that the high temperature factor 
observed for one of the Ag-atom positions was to be 
attributed to the presence of both Ag and Na atoms 
on this site. Then, simultaneously with the estimation 
of the Ag/Na ratio by refinement of the occupancy 

rates from the diffraction data, an analysis of the 
P/Ag ratio was run by energy dispersion spec- 
trometry (EDS) on a Kevex Quanturn/Jeol 840 A. 
Both methods converged towards the values calcu- 
lated from the formula Ag9NaP8024(NO3)2.4H20: 
Ag/P = 1.128 found by EDS (calculated 1.125) and 
Ag/Na = 8.3 by X-ray refinement (calculated 9) but, 
as expected, with a larger experimental deviation. 
Anisotropic full-matrix least-squares refinement (on 
F); unit weights. Scattering factors for neutral atoms 
and f ' , f "  values from International Tables for X-ray 
Crystallography (1974, Vol. IV, Table 2.2B). Enraf- 
Nonius (1977) SDP used for all calculations on a 
MicroVAX II computer. No secondary-extinction 
correction. Final refinements with 1614 reflections [I 
> 4o,(1)] gave R = 0.044 (wR = 0.046), S = 3.749, 
maximum d/o` = 0.0, maximum peak height in the 
final difference Fourier synthesis = 0.66 e A-3. 

Table 1 reports the final atomic coordinates for 
this atomic arrangement.* Figs. 1 and 2 were pre- 
pared using STRUPL084 (Fischer, 1985). 

Discussion. The main interest in the present atomic 
arrangement lies in the geometrical characterization 
of a new P8024 ring anion and in the coexistence in 
the same structure of NO3 groups and condensed 
phosphoric entities. Some rare examples of 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 54944 (15 pp.). 
Copies may be obtained through The Technical Editor, Interna- 
tional Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. [CIF reference: PA0262] 

(b) 
Fig. 1. Projection of the phosphoric ring anion along (a) the b 

direction and (b) the e direction. 
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phosphate-nitrates are known but, up to now, in all 
cases they are monophosphate nitrates. 

The phosphoric ring anion. Main interatomic dis- 
tances and bond angles in the two independent PO4 
tetrahedra building the phosphoric ring are given in 
Table 2. These values are to be compared with those 
corresponding to the only previously reported P8024 
ring having the same 2/m internal symmetry, 
observed in K2Ga2PsO24 (Grunze et al., 1983). The 
P - -O- -P  angles and the P--P distances are all in the 
ranges generally measured in condensed phosphoric 
anions, but the P - -P - -P  angles show significant 
variations. The two P - - P - - P  angles measured in 
K2Ga2P8024 (131.4 and 138.0 °) are much larger than 
those observed in the title compound (102.5 and 
108.7°), showing that the present ring departs very 
strongly from the ideal planarity corresponding to a 
P - -P - -P  angle of 135 ° for an eight-membered ring. 
The compact geometry of the present ring can be 
clearly seen in the two different projections of this 
anion given in Fig. 1. As shown by Fig. 2, reporting 
the whole atomic arrangement in projection along 
the b direction, all the P8024 entities lie perpendicular 
to this direction forming arrays spreading around 
planes z = 0 and ~. 

The NO3 group. The central N atom and one of 
the O atoms of this group are located in a mirror 
plane. The values of the O - - N - - O  angles [121.0 and 
119.3 ° (× 2)] show this group to be almost planar 
within the range of the experimental errors. All these 
groups spread in planes z = ~ and -34 alternating with 
the layers of the phosphoric groups. 

The Ag atoms. Within a range of 3 A, three of the 
four Ag atoms have sixfold coordination polyhedra 
with various symmetries. Ag(1) and Ag(3) are 
located on mirror planes while Ag(4) is situated on a 
twofold axis. This last site is in fact partly filled by 
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Fig. 2. P ro j ec t i on  o f  the  a t o m i c  a r r a n g e m e n t  o f  A g g N a P s -  
O : 4 ( N O s ) 2 . 4 H 2 0  a l o n g  the  b d i rec t ion .  By o r d e r  o f  dec rea s ing  
size e m p t y  circles r ep re sen t  w a t e r  molecu les ,  O a t o m s  o f  the  
N O  3 g r o u p s ,  A g  a t o m s  a n d  N a t o m s .  

Table 2. Main interatomic distances (A) and bond 
angles (°) in the atomic arrangement o f  Ag9NaP8- 

O24(NO3)2.4H20, with e.s.d.'s in parentheses 

P8024 ring anion 
P(i)O4 tetrahedron 
P(1) O(EI 1) O(LI 1) O(LI2) O(EI2) 

O(EI 1) 1.499 (6) 2.501 (6) 2.475 (8) 2.582 (9) 
O(LI 1) 107.2 (3) 1.607 (3) 2.468 (5) 2.541 (8) 
O(LI2) 106.3 (3) 100.9 (3) 1,593 (5) 2.512 (8) 
O(EI2) 120.2 (4) 110.7 (3) 109.6 (3) 1.479 (6) 

P(2)O4 tetrahedron 
P(2) O(LI2) O(E21) O(E22) O(L22) 

O(LI2) 1.601 (5) 2.527 (7) 2.529 (8) 2.447 (8) 
O(E21) 109.2 (3) 1.498 (5) 2.563 (7) 2.555 (8) 
O(E22) 110.2 (3) 118.8 (3) 1.480 (6) 2.480 (6) 
O(L22) 99.3 (3) 110.7 (3) 106.8 (3) 1.608 (3) 

P(I)---P(I) 2.958 (2) 
P(1)~P(2) 2.889 (3) 
P(2)---P(2) 2.900(3) 

P(lk---O(LI1)~P(I) 133.9 (5) P(1)--P(I)---P(2) 102,50 (7) 
P(I)---O(LI2)---P(2) 129.5 (3) P(I)---P(2)--P(2) 108.68 (8) 
P(2)---O(L22)--P(2) 128.8 (4) 

AgO. and (Ag,Na)06 polyhedra 
Ag(I)---O(EI 1) 2.436 (6) x 2 Ag(4)--O(E11) 2.950 (6) x 2 
Ag(1}---O(E21) 2.633 (6) x 2 Ag(4)--O(EI2) 2.281 (6) × 2 
Ag(I)---O(E21) 2.561 (5) x 2 Ag(4)---O(E21) 2.270 (6) x 2 
Ag(2)--O(EI I) 2.597 (6) Ag(3)----O(E'22) 2.401 (5) × 2 
Ag(2)--O(EI2) 2.354 (6) Ag(3}--O(2) 2.883 (8) × 2 
Ag(2)---O(E22) 2.528 (6) Ag(3)--O(W2) 2.512 (10) 
Ag(2)--O(E22) 2.927 (6) Ag(3}---O(W3) 2.584 (11) 
Ag(2)--O(l) 2.474 (2) 
Ag(2)--O(2) 2.719 (8) 
Ag(2)--O(2) 2.834 (8) 

NO3 group 
N--O(I) 1.24 (2) O(2)--N--O(2) 121 (1) 
N--O(2) 1.231 (9) × 2 O(I)----N--O(2) 119.3 (6) x 2 

Na atoms (see Experimental). The last Ag atom 
Ag(2) is in general position and has seven neighbours 
within the same range of distances. It is notable that 
in the Ag(1)O6, Ag(2)O7 and Ag(3)O6 polyhedra the 
Ag--O distances vary regularly between 2.354 and 
2.927A, while in the Ag(Na)O6 polyhedron one 
observes two pairs of short distances (2.270 and 
2.281 A) and a pair of significantly longer distances 
(2.950 A). 

Water molecules. The three independent water 
molecules are located on special positions, O(W1) in 
a mirror plane and the two remaining ones on sites 
with mm symmetry. All are located in planes x = 0 
and ~. In addition, it must be noted that O(W1) is 
not involved in the associated cation polyhedra and 
within a range of 3 A has only two neighbours, 
O(I4/2) and O(W3), at respective distances of 2.842 
and 2.855 A, probably corresponding to the hydro- 
gen bonds. 

The authors wish to express their warm thanks to 
Dr T. Fournier for a very careful analysis of crystals 
by EDS and very instructive discussions on the 
possibilities of this method. 
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Abstract. Bi2VOs.5, Mr = 556.9, orthorhombic, Aba2, 
a--- 5.598 (2), b = 15.292 (9), c = 5.532 (2)/k, V = 
473.6/~3, Z = 4, Dm= 7.6, Dx = 7.808 Mg m -3, 
A(Mo Ka) = 0.71069 A, /z = 75.75 mm -~, F(000) = 
932, T = 293 K, R = 0.038 for 396 unique observed 
reflections. Owing to a very short Bi - -O bond 
(1.89 A), the structure may be described by alternat- 
ing Jt.112~.,,2.751);/~0.5+ layers of very irregular corner-sharing 

VOa.75 layers of distorted BiO4 tetrahedra and by 0.5- 
corner-sharing VO6 octahedra. This structure is 
slightly different from that of  well known oxides of 
the Aurivillius family and especially of Bi2XO6 com- 

* Author to whom all correspondence should be addressed. 
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pounds ( X =  Mo, W) containing Bi2022+ layers of  
edge-sharing BiO4 square pyramids. 

Introduction. In a previous work, Touboul & Vachon 
(1988) investigated a large part  of the BiEO3-V205 
system which was being studied at almost the same 
time by Zhou (1988) and by Blinovskov & Fot iev  
(1987). Numerous compounds were found but it was 
sometimes difficult to assign them a correct formula. 
It would be interesting to determine their structure in 
order to explain their physical properties, especially 
their ferroelectricity, as was found by Bierlein & 
Sleight (1975) for BiVO4. Single crystals of  several 
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