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En revanche, les diars6niates de formulation analogue 
ont fait l'objet de moins d'investigations. On relive 
dans la bibliographie LiFeAs207 (Wang, Wu & Liu, 
1994) dont la structure est 6troitement reli6e h celle de 
LiFeP207 (Riou, Nguyen, Benloucif & Raveau, 1990) 
et de NaAIAs207 (Driss & Jouini, 1994), cette derni~re 
6tant isotype de NaFeAs207-II (d'Yvoire & Screpel, 
1974) et de (K,Rb,Cs,T1)AIAs207 (Boughzala, Driss & 
Jouini, 1993). 

La phase 6tudire (Fig. 1) ~ une structure ~ char- 
pente anionique tridimensionnelle formre d'octa~dres 
InO6 et de groupements diarsrniates As207 disposr_s re- 
spectivement en couches alternres, parall~les ~ (101), 
lires au moyen de ponts In---O---As. Aucune connex- 
ion n'est 6tablie entre poly~dres d'une mSme couche [l 
l'exception du pont As - -O- -As  du groupement A s 2 0 7 .  
Tous les atomes d'oxyg~ne sont mis en commun. 
Par consrquent chaque octa~dre est entour6 par six 
trtra~dres dont quatre appartiennent ~ des groupements 
diarsrniate diffrrents, les deux autres appartenant ~ un 
m~me groupement diarsrniate. Et chaque groupement 
diarsrniate est associ6 ~ cinq octa~dres et se trouve en- 
gag6 dans six liaisons de type As--O---In dont deux 
avec un m~me octa~dre. 
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Abstract 
The structure of the title compound, sodium indium 
diarsenate(4-), consists of corner-sharing InO6 octahe- 
dra and As207 groups. Layers of the InO6 octahedra and 
layers of the diarsenate groups stack alternately paral- 
lel to [010]. The framework delimits cages where four 
Na ÷ cations per unit cell are located. The structure is 
closely related to that of NaFeP207-II, but crystallizes 
in a different space group. 

Commentaire 
Les nombreux travaux consacr6s ces quinze derni~res 
ann6es aux diphosphates de formulation AIMIIIP207 
(A l = alcalin, T1, Ag; MtIt= A1, Ti, V, Fe, Ga, Mo, 
In, terre rare), ont conduit h mettre en evidence cinq 
types cristallographiques. Nous avons r6cemment 6tabli 
la structure de l'un d'eux KYP207 (Hamady, Zid & 
Jouini, 1994), puis mis en 6vidence un sixi~me type 
dans NaYP207 (Hamady & Jouini, 1996). 

Fig. 1. Projection selon [101] de la structure de NaInAs2OT. 

Cette charpente d61imite des cages oh logent les 
cations Na ÷. Les cages communiquent entre elles par 
d'6troites fen&res normales aux directions [111] et 
[ l i l ] .  

Le diphosphate NaInP207 (Gabrlica-Robert & Tarte, 
1982), isotype de NaFeP207-II, groupe d'espace P21/c, 
prrsente, malgr6 cette diffrrence de symrtrie, une struc- 
ture 6troitement relire h celle de NaInAs207. 
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Partie exp~rimentale o l 
02 

Cette phase a 6t6 obtenue sous forme de monocris taux ~t 03 
04 

partir des r6actifs NaOH, In203 et H3AsO4 (80%) pris dans 05 
les rapports molaires (Na:In:As = 1:0,007:2). Le m61ange o6 
obtenu est chauff6 pendant trois heures ~ 1123 K puis refroidi 07 
lentement ( 6 0 K  h -~) jusqu '~ 968 K. Apr~s 12h de chauffe, 
une trempe h la temp6rature ambiante suivie de lavages 
successifs 5. l 'eau bouillante lib~re des cristaux incolores de 
forme rhombo6drique.  

Donnges cristallines 

NalnAs207 
Mr = 799,30 
Monocl inique 
C2/c 
a = 10,241 (4) 
b = 8,649 (3) .4, 
c = 13,848 (5) .~, 
/3 = 109,93 (3) ° 
V =  1153,2 (7) .~.3 
Z = 4  
D,  = 4,604 Mg m -3 
D,, non mesur6e 

Collecte des donndes 
Diffractom~tre CAD-4 
Balayage 
Correction d'absorption: 

empirique via balayage 
(North, Phillips & 

Mathews 1968) 
Tmi, = 0,47, Tmax = 0,57 

1075 r6flexions mesur6es 
1007 r6flexions 

ind6pendantes 

Mo Ka radiation 
A = 0,71069 ,~, 
Param~tres de la maille 

l 'a ide de 25 r6flexions 
0 = 12-16 ° 
# = 15,549 m m -  
T = 293 (2) K 
Rhombo6drique 
0,072 x 0,072 × 0,036 m m  
Incolore 

779 r6flexions observ6es 
[I > 2o'(/)] 

Rin, = 0,0155 
0m.,, = 24,93 ° 
h = 0  ~ 12 
k = 0 ---~ 10 
l = - 16 ~ 15 
1 r6flexion de r6f6rence 

fr6quence: 120 min 
variation d'intensit6: 

0,15% 

Affinement 

Affinement  b, par t i r  des F 2 
R[F z > 2o.(F2)] = 0,0377 
wR(F 2) = 0,1011 
S = 1,123 
1007 r6flexions 
66 param&res 
w = 11[o.2(Fo 2) + (0,0344P) 2 

+ 83,5232P] 
o?J P = (Fo 2 + 2F,?)13 

(m/o.)max = 0,521 
Apmax = 1,18 e ,~-3 
Apmin = --1,67 e ,~-3 

Correction d'extinction: 
SHELXL93 (Sheldrick, 
1993) 

Coefficient d 'extinction: 
0,00016 (9) 

Facteurs de diffusion des 
International Tables for 
Crystallography ( 1992, 
Tome C, Tableaux 4.2.6.8 
et 6.1.1.4) 

T a b l e a u  1. Coordonndes atomiques et facteurs d'agitation 

thermique isotrope dquivalents (~2) 

U6q = (l/3)EiEjVija~afai.aj. 

x y Z Ufq 
Asl 0,33190 (11 ) 0,57944 (13)  0,13403 (9) 0,0046 (3) 
As2 0,12312 (11)  0,45795 (14) --0,07648 (9) 0,0054 (3) 
In 0,13978(9) 0,26712(11) 0,14112 (7) 0,0129 (3) 
Na 0,0961 (5) 0,8598 (6) 0,1182 (4) 0,0217 (12) 

0,3028 (8) 0,7289 ( i o) o, 1989 (6) 0,009 (2) 
0,3231 (8) 0,4038 (10) 0,1807 (6) 0,009 (2) 
0,4787 (8) 0,5978 (9) 0.1073 (6) 0.009 (2) 
0,1949 (8) 0,5999 (9) 0,0178 (6) 0,0[)7 (2) 
0.0232(8) 0.4628(10) 0,1496 (6) 0.011 (2) 
0.2414 (8) 0,4297 (9) -0.1319 (6) 0,008 (2) 
0.0921 (8) 0,3002 (10) -0.0188 (6) 0,011 (2) 

T a b l e a u  2. Paramktres ggomdtriques (,4, o) 

AsI--OI 1,659 (8) !n----O6 'i' 2,121 (8) 
AsI--O2 1,665 (8) In--O2 2,126 (8) 
As I--O3 1,674 (8) In--O3" 2,135 (8) 
Asl---O4 1,747 (8) Na--OI 2,323 (9) 
As2--O5 ~ 1,645 (8) Na---O3' 2,362 ( I 0) 
As2--O6 1,659 (8) Na---O7' 2,391 (10) 
As2--O7 1,666 (8) Na---O6' i 2,430 (10) 
As2--O4 1,760 (8) Na---O2 TM 2,648 (I 0) 
!n---O5 2,097 (8) Na---O3 'i 2,974 (I0) 
In----O Iii 2,115 (8) Na---O4 2.996(10) 
In---O7 2,118 (8) 

OI--Asl--O2 117,2 (4) O7--As2---O4 108,4 (4) 
O1--AsI--O3 112,8 (4) O5--1n----O 1 i. 91,6 (3) 
O2--Asi--O3 110,1 (4) O5--In---O7 91,0 (3) 
O1--AsI--O4 100,6 (4) O1 ii--ln--O6"' 88,7 (3) 
O2--Asi--O4 108,5 (4) O7--In--O6"' 88,7 (3) 
O3--Asi--O4 106,6 (4) O5--In----O2 90,4 (3) 
O5i--As2--O6 II 5,6 (4) O7--In--O2 93.6 (3) 
OY--As2---O7 110,7 (4) O6"'--1n---O2 89,3 (3) 
O6---As2--O7 113,0 (4) O1 "--!n---O3" 92,4 (3) 
O5i--As2---O4 103,2 (4) O7--1n----O3" 88,7 (3) 
O6---As2---O4 105,0 (4) Asl--O4---As2 127,9 (5) 

O2--AsI--As2---O7 11,8 (4) O3--AsI--As2--O6 8,5 (4) 
Codes de sym6trie: (i) -x ,  1 - y , - z ;  (ii) 4 - x,y - ½, ½ - z; (iii) 
~-x,_ ½-v,. - z ; ( i v ) x -  ~, v -  ½ _ .  , z; ( v ) x -  _~l, ~+v, z; ( v i ) _  . .~' - x ,  ~-v,2 . -z ;  
( v i i ) ~ _ - x , ~ + y ,  ½ - z .  

La largeur du balayage de type ~ est (0,79 + 0,78tg0) °. Les 
corrections de Lorentz-polarizat ion ont 6t6 effectu6es. 

Collecte des donn6es: CAD-4 EXPRESS (Duisenberg, 1992; 
Macicek & Yordanov, 1992). Affinement des param&res de 
la maille: CAD-4 EXPRESS. R6duction des donn6es: MoIEN 
(Fair, 1990). Programme(s)  pour la solution de la structure: 
SHELXS86 (Sheldrick, 1990). Programme(s)  pour l 'aff inement  
de la structure: SHELXL93 (Sheldrick, 1993). Graphisme 
mol6culare: ORTEP (Johnson, 1990). Logiciel utilis6 pour 
pr6parer le mat6riel pour publication: SHELXL93. 

Les listes des facteurs de structure et des facteurs d'agitation thermique 
anisotrope ont 6t6 d6pos6es au d6p6t d'archives de I'UICr (Rff6rence: 
DUll63). On peut en obtenir des copies en s'adressant h: The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, Angleterre. 
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Abstract 
The title compound, (NH4)4(H6ZnMo6024).6H20, 
exhibits a structure with six MoO6 octahedral edge- 
sharing units surrounding a central ZnO6 octahedron, 
with all metal atoms in a common plane. The average 
Zn- -O  distance is 2.081 (5),~,, while the average M o -  
O distances are 2.240(15), 1.946(11) and 1.711 (12),4, 
for four-, two- and single-coordinate O atoms, respec- 
tively. 

Comment 
As part of our studies of the structures and 
types of heteroatoms found for heteropolymolybdates 
and tungstates, we have examined the structure of 
(NH4)4(H6ZnMo6024).6H20. The structure consists of 
an (H6ZnMo6024) 4- anion, NH2 cations and water 
molecules. The anion has the standard Anderson struc- 
ture (Anderson, 1937), with six MoO6 octahedral edge- 
sharing units surrounding a central ZnO6 octahedron and 
all metals in a common plane [the maximum deviation 
from the least-squares plane is 0.025 (1),~]. The Zn 
atom is located at an inversion centre and the ZnO6 
octahedron is trigonally ° distorted, with Zn- -O distances 
of 2.074 (7)-2.088 (7) A [average 2.081 (5) 2~]. Six non- 
acidic H atoms attached to the central O atoms surround- 
ing the Zn atom are assumed to be present, as is typical 
of low oxidation state heteroatoms incorporated into the 

Anderson structure, such as Na3(H6CrMo6024).8H20 
(Perloff, 1970). All Mo---O distances are comparable 
with those found in other (H6X]~o6024)  n -  ions, where 
X = Co II (Nolan, Bums & Lawrance, 1996), Cu II (It©, 
Ozeki, Ichida, Miyamae & Sasaki, 1989), Cr m (Perloff, 
1970), Co IH (Nagano, Lee, Ichida & Sasaki, 1990), A1 m 
(Lee, Park, Lee & Ichida, 1991) and Rh m (Ozawa, 
Hayashi & Is©be, 1991). The sum of the bond valences 
around Mol,  Mo2 and Mo3 are 6.04, 6.06 and 5.96, 
respectively (Brown & Altermatt, 1985). 

It should be noted that the choice of one ammonium 
N-atom position is different to that reported for the iso- 
morphous Cu II compound, (NH4)a(H6CuMo6024).4H20 
(It© et al., 1989). In the latter, only four molecules 
of water were considered as being present, with two 
water O-atom sites having 0.5 occupancy. It is inter- 
esting, therefore, that one of the partly occupied water 
O-atom sites in the structure of the Cu u compound cor- 
responds to the location of an N atom in the present 
structure. Although some doubt must remain as to the 
location of the N atoms, it should be noted that the av- 
erage N . . .O  distance in the present structure is 2.96,4,, 
similar to the average N. . -O distance of 3.06A in 
(NH4)6(Mo7024).4H20, for which the N and O atoms 
were unequivocally located (Evans, Gatehouse & Lev- 
erett, 1975). 

O3A O O O 2 A  
O3B ~ | 023 I t  ~ O2B 

~ O123~ o , , 9 1  ~ O 1 2  O1A 

~ 
O13 O1B 

Fig. 1. The anion in (NH4)4(H6ZnMo6024).6H20, indicating the 
labelling of the non-H atoms. Displacement ellipsoids are shown 
at the 50% probability level. 

Experimental 

The title compound was prepared according to Nomiya, 
Takahashi, Shirai & Miwa (1987). The resulting solution 
was allowed to stand for several days and produced small 
colourless plate-shaped crystals. 

Crystal data 

(NH4)4 (H6ZnMo6024).6H20 
Mr = 1211.32 

Cu Ka radiation 
A = 1.54178 ~, 
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