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of T1D2AsO 4 may be described in terms of D-bonded 
chains of AsO 4 groups along two axes, a and b. The 
linkage of A s O 4 - D - A s O  4 . ..  is continuous along the b 
and a axes, but discontinuous along the c axis (Fig. 2). 
The maximum and minimum TI--O distances are 
3.212(1) and 2. 819 (4) /~. The maximum and 
minimum A s - O  distances are 1.766 (28) and 
1.658(32),/k. The O - A s - O  angles range from 
104.2 (15) to 114.4 (16) °, indicating that the shape of 
the AsO 4 tetrahedron is rather regular. The T1D2AsO 4 
structure was found to be isomorphous with TDP 
(Nelmes & Choudhary, 1981) and CsH2PO 4 
(Choudhary & Nelmes, 1978). All these structures have 
some similarities in (i) AsO4/PO4-D/H network, (ii) 
infinite chains of D/H bonds along the b and a axes and 
(iii) discontinuous along c axis. O(1)-O(1 I) and 
O(2) -O(2  li) distances are 2.403/~ and 0 ( 3 ) - 0 ( 4  ul) is 
2.479 ,A,. 
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Abstract. BaNaPaO9.3H20, M r --451.29, triclinic, P i ,  
a = 7 . 0 6 7 ( 3 ) ,  b = 9 . 0 7 1 ( 3 ) ,  c = 9 . 9 0 6 ( 4 )  A, ~t= 
116.46 (5), f l=  95.97 (5), y =  74.03 (5) °, V =  
546-4 A a, Z = 2, D m not measured, D x = 
2.743 Mg m -3, 2(Mo Kct) = 0.7107 A,/~ = 4.28 mm -1, 
F (000 )=  428, T =  293 K, R - 0.028 for 3775 in- 
dependent reflexions. The P309 ring anions and the 
water molecules build up a three-dimensional network 
through hydrogen bonds. Inside this network barium 
and sodium have respectively nine- and sevenfold 
coordinations. 

Introduction. Le trim&aphosphate de sodium-baryum 
anhydre: BaNaP30 9 a 6t6 caract6ris6 lots de 
r61aboration du diagramme d'6quilibre Ba(PO3) 2- 
NaPO 3 (Martin & Durif, 1972). Sa structure cristalline 
a &6 d6crite (Martin & Mitschler, 1972). A ce jour, on 
ne connaissait ~ ce sel qu'un seul hydrate: BaNa- 
P309.4H20 (Martin & Durif, 1972) dont l'arrangement 
atomique est celui du sel d'argent correspondant 
BaAgPaO9.4H20 (Seethanen, Durif & Guitel, 1977). 
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Dans le pr6sent travail nous d6crivons la pr6paration et 
la structure cristalline du trihydrate du m6me sel: 
BaNaP309.3H20. 

Partie exp6rimentale. La pr6paration du trihydrate qui 
fait rob jet de cette &ude s'effectue de la mani~re 
suivante: du t&rahydrate pr6par6 selon Martin & Durif 
(1972) est maintenu plusieurs jours ~t une temp6rature 
de l'ordre de 328 ~ 333 K. Le produit obtenu est alors 
additionn6 d'un large exc6s d'eau et maintenu ~ la 
m~me temp6rature. De gros prismes tricliniques de 
NaBaPaOa.3H20 se forment au cours de r6vaporation. 
Dimensions du cristal: 0,16 x 0,16 x 0,12 mm. Diffrac- 
tom&re: Enraf-Nonius CAD-4. 20 r6flexions (11 < 
0 < 19 °) utilis6es pour l'affinement de la maiUe. Scan to, 
4631 r6flexions mesur6es (3 < 0 < 3 5 ° ) ,  +h, +k, l, 
hma x = 11, kmax = 14, lmax = 16. Largeur de balayage 
1,20 °, vitesse de balayage: de 0,01 ~ 0,04 ° s -l, fond 
continu mesur6 de 15 ~ 60 secondes. Aucune variation 
d&ectable des deux r6flexions de r6f6rence et d'orien- 
tation (320 et 320). Correction de Lorentz- 
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Tableau 1. Coordonndes atomiques et facteurs 
d'agitation thermique (avec les dcarts types entre 

parentheses) 

Bdq = ~ ~l~l f lual .a  j. 

x y z B~q/Biso(A 2) 
Ba 0,05022 (2) 0,23647 (2) 0,19124 (2) 0,965 (2) 
P(I) 0,1428 (1) 0,68964 (8) 0,41784 (7) 1,00 (1) 
P(2) 0,1988 (1) 0,77392 (8) 0,17849 (7) 1,05 (1) 
P(3) 0,4572 (1) 0,47217 (8) 0,19898 (7) 0,92 (1) 
Na 0,7816 (2) 0,6331 (2) 0,1316 (2) 1,33 (4) 
O(LI2) 0,1391 (3) 0,8208 (2) 0,3485 (2) 1,96 (2) 
O(EI 1) -0,0029 (3) 0,5887 (3) 0,3368 (3) 1,62 (4) 
O(E12) 0,8652 (4) 0,2174 (3) 0,4164 (2) 1,84 (4) 
O(L23) 0,4043 (3) 0,6291 (2) 0,1531 (2) 1,25 (3) 
O(E21) 0,0538 (3) 0,6939 (3) 0,0694 (2) 1,82 (4) 
O(E22) 0,2464 (4) 0,9238 (3) 0,1807 (3) 1,90 (4) 
O(LI3) 0,3653 (3) 0,5671 (2) 0,3689 (2) 1,19 (3) 
O(E31) 0,3529 (3) 0,3405 (3) 0,1017 (3) 1,68 (4) 
O(E32) 0,6741 (3) 0,4278 (3) 0,2089 (3) 1,74 (4) 
O(WI) 0,6502 (5) 0,9318 (4) 0,2887 (4) 3,35 (8) 
O(W2) 0,7625 (4) 0,0293 (3) 0,0773 (3) 2,07 (5) 
O(W3) 0,3113 (4) 0,2802 (4) 0,4356 (3) 2,51 (5) 
H(WI 1) 0,54 (1) -0,012 (8) 0,321 (8) 5 (2) 
H(WI2) 0,73 (1) 0,002 (9) 0,326 (8) 5 (2) 
H(W21) 0,72 (1) 0,001 (7) 0,136 (7) 4 (1) 
H(W'22) 0,347 (9) 0,916 (7) 0,959 (7) 4 (1) 
H(W3 I) 0,25 (1) 0,303 (8) 0,514 (7) 4 (1) 
H(W32) 0,38 (1) 0,332 (3) 0,455 (7) 4 (2) 

polarisation, pas de correction d'absorption. M&hodes 
classiques de r6solution: Patterson et synth6ses de 
Fourier successives. Atomes d'hydrog6ne localis6s par 
Fourier-diff6rence. Affinements sur F fi matrice com- 
pl&e de moindres carr~s, anisotropes pour Ba, Na, P e t  
O, isotropes pour H. Sch6ma de pond6ration unitaire. 
4106 r~flexions ind~pendantes. Affinements 
finaux avec 3775 r6flexions telles que F >  20 F. R 
final 0,028 (wR =0,034).  R =0 ,030  pour les 4106 
r6flexions ind6pendantes. S = 1,069. Max. A/tr = 1,17 
(coefficient d'extinction). Maximum du r6sidu de 
densit~ sur Fourier diff6rence 3,03. Coefficient d'ex- 
tinction 3,4 x 10 -6 (Stout & Jensen, 1968). Facteurs de 
diffusion, f '  et f "  issus de International Tables for 
X-ray Crystallography (1974). Programmes SDP 
(Enraf-Nonius, 1977) utilis6 pour t o u s l e s  calculs. 
Ordinateur: PDP 11-70. 

g~om&riques sont rassembl~es dans le Tableau 2; elles 
ne pr6sentent pas de diff6rences significatives par 
rapport /t ce qui est habituellement observ~ dans les 
trim&aphosphates. 

Tableau 2. Distances interatomiques (A), angles de 
liaison (o) et les ddtails des ponts hydrog~ne 

P(l) O(L 12) O(L 13) O(E11) O(E12) 
O(LI2) 1,610 (2) 2,493 (3) 2,524 (3) 2,506 (3) 
O(LI3) 100,5 ('~ 1,631 (2) 2,552 (3) 2,502 (3) 
O(E1 I) 108,7 (1) 109,4 (1) 1,495 (2) 2,575 (3) 
O(E12) 108,7 (1) 107,4 (1) 120,4 (1) 1,473 (2) 

P(2) O(L23) O(LI2) O(E21) O(E22) 
O(L23) 1,622 (2) 2,499 (3) 2,525 (3) 2,498 (3) 
O(L12) 101,1 (1) ],615 (2) 2,556 (3) 2,500 (3) 
O(E21) 108,3 (]) 110,7 (]) ],492 (2) 2,572 (4) 
O(E22) 107,3 (1) 107,8 (1) 120,0 (1) 1,478 (2) 

P(3) O(/,13) O(L23) O(231) O(232) 
O(L13) 1,620 (2) 2,498 (3) 2,538 (3) 2,508 (3) 
0(/_.23) 100,9 (1) 1,618 (2) 2,557 (3) 2,457 (3) 
O(231) 109,5 (1) 110,8 (1) 1,486 (2) 2,578 (3) 
O(232) 108,0 (1) 104,9 (1) 120,8 (1) 1,478 (2) 

P(1)-P(2) 2,888 (I) P(1)--O(L12)-P(2) 127,1 (1) 
P(1)--P(3) 2,882 (1) P(2)--O(L23)-P(3) 128,8 (1) 
P(2)-P(3) 2,921 (1) P(1)--O(LI3)-P(3) 124,9 (1) 

P(3)--P(1)--P(2) 60,84 (2) 
P(1)-P(E)--P(3) 59,48 (2) 
P(1)-P(3)-P(2) 59,68 (2) 

Ba-O(E11) 2,788 (1) Ba-O(E32) 2,720 (2) 
Ba-O(E12) 2,791 (2) Ba-O(W2) 2,945 (3) 
Ba--O(E21) 2,899 (2) Ba-O(W2) 2,811 (3) 
Ba--O(E22) 2,753 (2) Ba-O(W3) 2,835 (3) 
Ba-O(E31) 2,916 (2) 

Na-O(EI 1) 2,523 (3) Na--O(E31) 2,492 (3) 
Na--O(L23) 2,709 (3) Na--O(E32) 2,608 (3) 
Na--O(E21) 2,349 (3) Na-O(W1) 2,405 (4) 
Na--O(E21) 2,727 (3) 

O(WI)-H(WI I)...O(E22) 0,82 (8) 
O(W])--H(WI2)...O(EI2) 0,87 (9) 

O(W2)--H (W21)...O(WI) 0,83 (7) 
O(W2)-H (W22). • .O(222) 0,93 (7) 

O(W3)-H(W31).--O(Ell) 0,83 (7) 
O(W3)-H(W32)...O(L13) 0,73 (8) 

o(w)- H-O- 
O(W)-H H...O O(W)-O H..-O (W)-H 

2,42 (8) 2,950 (5) 123 (7) 107 (7) 
2,22 (8) 3,077 (5) 169 (7) 

2,04 (7) 2,860 (5) 175 (7) I08 (8) 
2,34 (7) 2,763 (4) 107 (5) 

2,13 (7) 2,907 (4) 154 (6) 109 (7) 
2,43 (7) 3,052 (4) 144 (7) 

Discusslon. Dans le Tableau 1 sont rapport~s les 
coordonn6es atomiques finales, les B~q pour les atomes 
lourds et les Bis o pour les atomes d'hydrog6ne.* Le 
Tableau 2 rassemble les principales distances inter- 
atomiques et angles de liaison observes dans cet 
arrangement. La Fig. 1 est une projection selon l'axe a 
de ce m~me arrangement. 

Les anions cycliques P309 ne poss6dent pas de 
sym&rie propre. Leurs principales caract6ristiques 

* Les listes des facteurs de structure et des facteurs d'agitation 
thermique anisotrope ont 6t6 d6pos6es au d6p6t d'archives de la 
British Library Document Supply Centre (Supplementary Pub- 
lication No. SUP 43442:28 pp.). On peut en obtenir des copies en 
s'adressant fi: The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, Angleterre. 
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Fig. I. Projection de la structure scion l'axe a. 
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Ces anions cycliques P309 et les molecules d'eau sont 
lides par des ponts hydrog~ne dont le ddtail est donn~ 
dans le Tableau 2. I1 est ~. noter que l'atome d'oxyg~ne 
O(E22) agit deux fois en tant qu'accepteur. A l'int~rieur 
du r~seau form6 par les anions P309 et les moldcules 
d'eau, les cations associ~s Ba et Na ont des poly~dres 
de coordination formds de six atomes d'oxyg~ne et trois 
mol6cules d'eau dans le cas du baryum, six atomes 
d'oxyg~ne et une molecule d'eau dans le cas du sodium. 

I1 est &noter que run des atomes d'oxyg~ne de liaison 
du cycle P309 [O(L23)] participe & la coordination de 
l'atome de sodium, constatation peu usuelle dans le cas 
des phosphates condenses. 
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Abstract. M r = 3 5 5 . 6  ( x ~  0.14), tetragonal, I4/m, 
a = 18.135 (2), c = 2.9966 (4) A, V-- 985.5 (2) A 3, 
Z = 8, D,n = 4.69, D x = 4.79 Mg m -3, ~(Mo K~) = 
0 .71069A, p =  15.2mm -l, F ( 000 ) =  1327, T =  
298K,  R = 4 . 3 6 %  for 726 unique reflections. The 
structure consists of rutile- and/~-gallia-type structural 
columns parallel to the c axis which are alternately 
arrayed on the (001) plane and mutually joined with 
octahedral and tetrahedral apexes. Large one- 
dimensional tunnels surrounded by four octahedron 
strips and four tetrahedron chains occur along the 
column axis. These tunnels are 6.2/X, in diameter and 
have a smooth inside wall, in which K ions are 
accommodated. 

Introduction. This compound has an ionic conductivity 
of about 1 kS m -~ even at room temperature in the 
microwave range where mobile ions show clearly their 
response to the intrinsic barriers for ion diffusion 
(Yoshikado, 1987; Yoshikado, Ohachi, Taniguchi, 
Onoda, Watanabe & Fujiki, 1983). The value is about 
100 times larger than those reported for ionic conduc- 
tors like Nafl-AI20 3. This new structure, therefore, is 
very interesting crystaUographically from the viewpoint 
of ion conduction phenomena. 

Experimental. Fibrous crystals (x ~ 0.14) were grown 
from a flux melt of K2CO3-MoO 3 containing TiO 2 and 
Ga203. The density was obtained by measuring the 
buoyancy of crystallites of about 300 mg in CCI 4 at 
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room temperature. A nearly cylindrical crystal, 
0.03 x 0.2 mm in size, was used for taking Laue and 
Weissenberg photographs and measuring diffraction 
intensities on a Rigaku four-circle automatic diffrac- 
tometer (AFC-5). The photographs gave an extinction 
rule of h + k + l =  2n with Laue symmetry 4/m. 
Twenty reflections with 40 < 2 0 <  55 ° were used for 
measuring lattice parameters. Intensity measurements 
were carried out in the range - 2 8 < h < 2 8 ,  0 < k  
_<28, 0_<I_<4 below 0 .9A -~ in sinO/2 by the 09-20 
scanning method at a speed of 1 o min-1 with Lp effects 
automatically corrected. Maximum fluctuation of three 
standard reflections was 1.2% throughout experiment. 
1840 reflections were measured and averaged to 936 
non-equivalents containing 210 reflections less than 
3e(Fo); Rin t = 4.83%. Maximum and minimum trans- 
mission factors of cylindrical absorption correction 
were 0.668 and 0.626. The structure was solved by 
Patterson maps and a (001) high-resolution lattice 
image, shown in Fig. 1, which was taken at ~800 A 
underfocus near the optimum value (,-.900 A) using 80 
beams within an objective aperture of 0.4 A -~ in JEM 
4000-FX (JEOL). The image was used to pick up 
metal-metal vectors from the maps and to ascertain 
their relative positions in the (001) projection. It was 
shown clearly on the Patterson sections with z = 0 and 
½ whether these vectors were parallel to (001) or not. 
The O positions were found on the basis of the concept 
of anion packing from the Patterson and difference 
Fourier maps. The function ~ w ( I F o l -  IFcl) 2 was 
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