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Mn2--FI 2.294 (2) Na3---O6 v 2.525 (4) 
NaI--FI viii 2.262 (3) Na4--O5 xi 2.343 (3) 
Nal--O4 2.383 (3) Na4----FI vii 2.346 (3) 
Nal------O8 viii 2.407 (3) Na4--O1 2.360 (3) 
Nal--O5 ~ 2.412 (3) Na4---O7 x 2.400 (3) 
Nal---OI vi 2.420 (3) Na4----FI x 2.407 (3) 
NaI--FI ix 2.457 (3) Na4--O8 2.500 (4) 

Symmetry codes: (i) -x ,  -y ,  1 - z; (ii) -x ,  1 - y, 1 - z; (iii) 1 _ x, y - 
3 , } - z ; ( i v )  ½-x ,  ½+y, 3 - z ; ( v )  x , y -  1,z;(vi) l - x , l - y , l - z ;  
(vii) ½ - x ,  ½ +y, ½ - z; (viii) ½ +x, ) - y ,  ½ +z;(ix) 1 - x , - y ,  1 - z; 
(x)x, 1 +y,z; ( x i ) x -  ½, 3 - y , z -  ½. 

The formula of the new compound was established by the 
structural investigation. The absence of OH groups was 
confirmed by IR spectral analysis. The minimum residual 
electron density peak of -1.102 e ,~-3 is located 0.79 ,~, from 
PI.  

Data collection: Syntex P i  software. Cell refinement: Syn- 
tex P1 software. Data reduction: Syntex P1 software. Pro- 
gram(s) used to solve structure: DIRDIF (Beurskens et 
al., 1994). Program(s) used to refine structure: SHELXL93 
(Sheldrick, 1993). Molecular graphics: STRUPL084 (Fis- 
cher, 1985), TROMPLEU (Le Lirzin, Gravereau & Larroche, 
1991). Software used to prepare material for publication: 
SHELXL93. 
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Department of Moscow State University for assisting 
with some calculations and the preparation of the 
manuscript for publication. 

Lists of atomic coordinates, displacement parameters, structure factors 
and complete geometry, and a displacement ellipsoid drawing plotted 
at the 60% probability level have been deposited with the IUCr 
(Reference: AB 1400). Copies may be obtained through The Managing 
Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CHI 2HU, England. 
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Abstract 
Tetrasodium cerium(IV) bis[diarsenate(4-)] is built 
from CeO8 antiprisms and As207 diarsenate groups con- 
nected by Ce - -O- -As  mixed bridges to form a three- 
dimensional framework. The As207  diarsenate groups 
have a nearly eclipsed conformation. The framework 
delimits interconnecting tunnels running along the [001] 
and [ 110] directions where the Na ÷ cations are located. 

Commentaire 
Les compos6s de formulation AIMIIIx207 (X = As, 
P) (Boughzala, Driss & Jouini, 1993), ont fait l'objet 
de nombreux travaux en raison de leurs proprietfs 
potentielles (conduction ionique ou protonique, 6change 
d'ions, catalytique). En revanche nous n'avons relev6 
dans la bibliographie aucun compos6 faisant intervenir 
le degr6 d'oxydation IV, qui aurait pour formulation 
AIMIV(x207)2 .  C'est pour cette raison que nous avons 
entrepris l'investigation du syst~me Na20-CeO2-X205, 
(X = As, P) dans lequel nous venons de mettre en 
6vidence le compos6 NanCe(As207)2. 

Les ellipsoi'des d'agitation thermique et la d6signation 
des atomes sont repr6sent6es h la Fig. 1. 
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O3 iii ~ w 

03 ~ 0 4  

Na ( ~ )  ~ O1 ;. - O 1  m ~ x  

Fig. I. Repr6sentation ORTEPII (Johnson, 1976) de la connexion d'un 
antiprisme CeO8 et d'un groupement diars6niate. Les ellipsoides 
d'agitation thermique correspondent h 50% de probabilit6, les codes 
de sym&rie sont d6finis au Tableau 2. 
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Cette structure (Fig. 2), renferme des antiprismes 
CeOs, partageant leurs huit sommets oxyg~ne avec 
huit groupements diars6niates As207. Ces derniers sont 
connect6s chacun ~ quatre antiprismes CeO8 par la mise 
en commun de quatre sommets oxyg~ne. I1 en r6sulte 
une charpente tr idimensionnelle d61imitant des canaux 
parall~les aux directions [001], [ l i 0 ]  et son 6quivalente 
[110], o?a logent les cations Na ÷. Les deux atomes 
d 'oxyg~ne libres de chaque groupement diars6niate 
pointent vers l ' in t f r ieur  de ces canaux, 6tablissant ainsi 
des liaisons avec les cations Na ÷. Ces derniers adoptent 
un environnement  octa~drique 16g~rement dfform6. 

Fig. 2. Vue perspective de la structure de Na4Ce(As207)2 selon [001 ]. 

T6tragone 
P4/ncc 
a = 10,825 (3) ,~ 
c = 10,184 (6) ~, 
V = 1193,4 (8) ,~3 
Z = 4  
Dx = 4,206 Mg m -3 

Collection des donn~es 
Diffractom~tre CAD-4 
Balayage w 
Correction d'absorption: 

empirique par ~b scans 
(North, Phillips & 
Mathews, 1968) 
Tmi. = 0,46, Tmax = 0,47 

729 r6flexions mesur6es 
510 r6flexions ind6pendantes 
413 r6flexions avec 

I > 2o-(/) 

Affinement 

Affinement h partir des F 2 
R[F 2 > 2o-(F2)] = 0,026 
wR(F 2) = 0,058 
S = 1,277 
510 r6flexions 
55 param~tres 
w = 1/[o-2(F 2) + (0,0111P) 2 

+ 6,5710P] 
o0 P = (F 2 + 2F~)/3 

(m/o ' )max  = -0,056 

Param~tres de la maille 
l'aide de 25 r6flexions 

0 = 3-22 ° 
# = 15,087 mm- 
T = 293 (2) K 
Parallelipipedique 
0,10 x 0,05 x 0,05 mm 
Incolore 

Rint - 0,0213 
0max ---- 25 ° 
h = 0 ---~ 12 
k =  - 1 2 - - ,  0 
I=  - 1 2 - - , 0  
2 r6flexions de r6f6rence 

toutes les 400 
r6flexions 

fr&tuence: 120 min 
variation d'intensit6: 

0,85% 

Apmax = 0,688 e ,~-3 
Apmin = -0,897 e .~-3 
Correction d'extinction: 

SHELXL93 (Sheldrick, 
1993) 

Coefficient d'extinction: 
0,0009 (2) 

Facteurs de diffusion des 
International Tables for 
Crystallography (Vol. C) 

La conformation des groupements diars6niates, est 
quasi-6clips6e, en effet la valeur de l ' angle  de torsion 

I 1 OlXmAsmAsX----O3 [code de sym6trie: (x) i + y, ~ + x, 
i z] est de 20,6 (3) °, elle est supf r ieure / i  celles (13,5 2 
et 10,7 °) trouv6es dans une 6tude effectu6e r6cemment 
sur le compos6 Na3,12Fe2,44(P207)2 (Angenault ,  Cou- 
tuiler & Quarton, 1995). 

La coordination antiprismatique du c6rium(IV) dans 
cette structure rappelle, par exemple,  celle adopt6e 
par les 616ments de terre rare dans les structures des 
compos6s de formulation Ln6F36 ou Ln6F37 (Ln = terre 
rare) (Le Fur & Aleonard, 1991). 

Partie  e x l ~ r i m e n t a l e  

Ce compos6 a 6t6 obtenu sous forme de monocristaux 
partir des r6actifs NaOH, CeO2 et H3AsO4 pris dans les 
rapports molaires (Na:Ce:As = 1:0,1:1). Le m61ange obtenu est 
chauff6 pendant trois heures ~ 1123 K puis refroidi lentement 
(60Kh -I)  jusqu'~ 958K. Une trempe ~ la teml~rature 
ambiante suivie de lavages successifs ~ l'eau bouillante lib~re 
des cristaux. 

Donn~es cristallines 

Na4Ce(As2OT)2 Mo Kot radiation 
Mr = 755,76 A = 0,71069 .A 

Tableau 1. Coordonn~es atomiques et facteurs d' agitation 
thermique isotrope ~quivalents (~2) 

U~q = (l /3)~i~jUiJa~ aTai.a j. 

x y z U~q 
As 0,02354 (6) 0,35080 (6) 0,32231 (7) 0,0058 (2) 
Ce 1/4 i/4 0,06918 (8) 0,0054 (3) 
Na -0,1016 (3) 0,1746 (3) 0,1050 (3) 0,0232 (8) 
Ol -0,1105 (4) 0 ,3026(4)  0,3799(5) 0,0109(11) 
02 0,1241 (4) 0,3825 (4) 0,4424 (4) 0,0103 (10) 
03 0,0721 (4) 0,2624 (4) 0,1983 (4) 0,0081 (10) 
04 -0,0010 (5) 1/2 + x I/4 0,0096 (13) 

o 
Tableau 2. Parambtres g~om~triques (A, o) 

As--OI  1,650 (5) Ce--O2 v 2,362 (4) 
As---O3 1,670 (4) Ce--O2 vi 2,362 (4) 
As--O2 1,673 (5) Ce---O2 vii 2,362 (4) 
As--O4 1,785 (4) Na--O I viii 2,289 (6) 
Ce--O3 i 2,336 (4) Na----Ol ~ii 2,308 (5) 
Ce--O3 ii 2,336 (4) Na--O3 2,311 (5) 
Ce--O3 2,336 (4) Na--Ol  ix 2,551 (6) 
Ce---O3 iii 2,336 (4) Na----O4 iii 2,651 (7) 
Ce----O2 iv 2,362 (4) Na---O2 vii 3,015 (6) 

O I--As---O3 111,4 (2) O3--As---O4 ! 04,5 (2) 
O 1--As--4)2 I 12,2 (3) O2- -As- -O4 102,4 (2) 
O3- -As- -O2 117,8 (2) As---4M---As ix i 16,0 (4) 
O I - - A s - - O 4  107,4 (2) 
Codes de sym6trie: (i) ½ -x ,  ½ - y ,  z; (ii) y, ½ -x ,  z; (iii) ½ -y ,x ,  z; (iv) 
½ -x,y,  z -  ½; (v)y, x, z -  ½; (vi) ½ -y ,  ½ -x ,  z -  ½; (vii) x, ½ -y ,  z -  ½; 
(viii) -y ,  -x ,  ½ - z; (ix) y - ½, ½ + x, ½ - z. 
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Collection des donn6es: CAD-4-Express (Duisenberg, 1992; 
Macf6ek & Yordanov, 1992). Affinement des param&res de 
la maille: CAD-4-Express. R6duction des donn6es: MolEN 
(Fair, 1990). Programme(s) pour la solution de la structure: 
SHELXS86 (Sheldrick, 1990). Programme(s) pour l'affinement 
de la structure: SHELXL93 (Sheldrick, 1993). Logiciel utilis6 
pour prfparer le mat6riel pour publication: SHELXL93. 

Les listes des facteurs d'agitation thermique et des facteurs de structure 
ont 6t6 d6pos6es au d6p6t d'archives de I'UICr (R6f6rence: DUll61). 
On peut en obtenir des copies en s'adressant h: The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, Angleterre. 
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Abstract 
This form of strontium germanium trioxide has the same 
structure as that reported by Hilmer [Sov. Phys. Crys- 
tallogr. (1963), 7(5), 573-576] except that it has mono- 
clinic rather than hexagonal symmetry. Two forms of 
SrGeO3 are known at present: this monoclinic form and 
a triclinic form reported by Nadezhina, Pobedimskaya, 
Ilyukhin & Belov [Sov. Phys. Crystallogr. (1981), 26(1), 
27-32; 26(3), 268-271]. The present structure has al- 
ternate stacking of ternary rings of GeO4 groups and 

close-packed Sr atoms along [001], and is a six-layer 
polytype. 

Comment 
SrGeO3 has been studied previously by one person 
and one group. Hilmer (1963) studied the crystal 
structure of SrGeO3 using a Weissenberg camera. He 
obtained hexagonal lattice parameters (a - 7.29, c - 
31.64 ,~) and showed that the structure contained ternary 
rings of GeO4 groups. In addition, he concluded that 
the structure was composed of alternating layers of 
[Ge309] 6- rings and layers of Sr atoms. Nadezhina, 
Pobedimskaya, Ilyukhin & Belov (1981a,b) also studied 
SrGeO3 but obtained triclinic lattice parameters (a - 
8.699, b = 9.935, c - 11.148 .~, a = 106.04,/3 - 89.97, 
-y = 102.11°). This structure also contained rings of 
GeO4 groups, but the configurations of the rings were 
quite different from those in the structure described by 
Hilmer (1963). Nadezhina et al. (1981a,b) stated that the 
different types of ternary rings in the two modifications 
of strontium metagermanate were undoubtedly the result 
of a difference in the structures of the cation layers. 
In addition, they called the form they had studied the 
low-temperature form (a'-SrGeO3) and the form Hilmer 
had studied the high-temperature form (a-SrGeO3). 
Yamanaka & Moil (1981) solved the structure of a-  
CaSiO3 (pseudowollastonite) and found the structure to 
be characterized by four layers, each of which was 
composed of ternary rings of SiO4 groups and a Ca 
polyhedron layer. They compared the structure of a-  
CaSiO3 with the structure of SrGeO3 determined by 
Hilmer and predicted that the latter contained six layers. 

The symmetry and the lattice parameters of SrGeO3 
found in the present work are different not only from 
those given by Hilmer (1963) but also from those given 
by Nadezhina et al. (1981a,b). However, this structure 
is the same that described by Hilmer for two reasons. 
Firstly, the crystal studied here has a pseudo-hexagonal 
cell which corresponds to the cell given by Hilmer. 
Secondly, all of the reflections observed by Hilmer 
can be indexed on the basis of the present monoclinic 
cell and their intensities are very similar. The structure 
described by Nadezhina et al. is different, so two forms 
of SrGeO3 exist. 

Fig. 1 shows the arrangement of the ternary rings 
and the Sr atoms in the present structure. It is notable 
that the Sr atoms form a close-packed layer. Fig. 2 
shows the layers of ternary rings of GeO4 groups and 
the layers of Sr atoms stacked alternately along [001]. 
The unique edges of the GeO4 tetrahedra are almost 
parallel to the stacking direction. Yamanaka & Mori 
(1981) defined a layer as one layer of the ternary rings 
plus one layer of Sr atoms. In the present structure 
the seventh layer is located just above the first layer 
along the stacking direction, suggesting that this is a six- 
layer structure. The mean values of the Sr(1)--O and 
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