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Comment 
The previously known structure of indium phosphate 
dihydrate, InPO4.2H20, is orthorhombic (Pbca, a = 
10.187, b = 8.842 and c = 10.327,~; Mooney-Slater, 
1961; Xu et al., 1995). We report here the structure 
of monoclinic InPO4-2H20. The title compound is 
isostructural with A1PO4-2H20 (metavariscite; P21/n, 
a = 5.178, b = 9.514, c = 8.454A and /3 = 90.35°; 
Borensztajn, 1966; Kniep & Mootz, 1973). 

The a-axis projection of the crystal structure, formed 
by the linkage of PO4 tetrahedra and InO4(H20)2 
octahedra, is shown in Fig. 1. One-dimensional eight- 
membered-ring channels are formed along the a axis, 
which are intersected by six-membered-ring channels 
along the b and c axes. 
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Abstract 
A new monoclinic phase of indium phosphate dihydrate, 
InPO4.2H20, was prepared from a hydrothermal synthe- 
sis of H3PO4, In(OH)3 and H20 in the presence of HF 
and CTHI3N (quinuclidine). The structure is isostructural 
with A1PO4.2H20 (metavariscite). The geometry of the 
H atoms in the title compound is consistent with that of 
metavariscite. 
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Fig. 1. The a-axis projection of the structure of monoclinic 
InPO4-2H20. Translation along the a axis produces a three- 
dimensional framework of eight-membered rings. Small circles in- 
dicate the H atoms. 

The two distinct In--OWl [2.128(3)A] and In--  
OW2 [2.174 (3),~] distances are attributed to endother- 
mic dehydration reactions at about 528 and 645 K, 
observed by common differential thermal analysis. In- -  
OW2 is the longest among six In--O distances, whereas 
In--OWl shows no appreciable difference from the 
In--O1, In--O3 and In--O4 distances. This feature of 
the indium coordination contrasts with the situation in 
orthorhombic InPO4.2H20 (Mooney-Slater, 1961; Xu et 
al., 1995), where two In--OW distances are the first and 
second longest among six In--O distances. The large 
value of U 33 for OWl may suggest a possible disor- 
dered distribution of water molecules in the channels. 
Such features of the OWl site are also seen in the struc- 
ture of monoclinic A1PO4-2H20, including a relatively 
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short A1- -OW1 dis tance c o m p a r e d  with A 1 - - O I ,  A 1 - -  
0 3  and A I - - O 4  (Kniep  & Mootz ,  1973). 

The  h y d r o g e n  bonds  invo lv ing  a toms HIA,  H I B  
and H2A can be descr ibed  as s ingle  h y d r o g e n  bonds  
(Table 3). On the o ther  hand,  that invo lv ing  H2B is In 
indica ted  to be a b i furcated  h y d r o g e n  bond,  as also p 
seen in metavar isc i te  (Kniep  & Mootz ,  1973). The  total ol 

o? 
we igh t  loss of  14.3% on heat ing  f rom 523 to 9 7 3 K  o3 
( the rmograv imet r i c  analysis)  is in good  a g r e e m e n t  wi th  o4 
the calcula ted value o f  14.6%. owl 

(.) W2 

Table 1. Fractional atomic coordinates and equivalent 

isotropic displacement parameters  (,42 ) 

Ueq = ( 1 / 3 ) ~ , ~ t U O a ' a ) a i . a / .  

x ~' Z Ucq 
0.40951 (3) 0.33(X16 (2) 0.30193 (2) 0.(X)935 (6) 

-0.08927 (12) 0.14992 (7) 0.18222 (8) 0.(~)841 (12) 
0.1699 (4) 0.1722 (2) 0.2501 (3) 0.0162 (4) 

--0.1192 (5) 0.2192 12) 0.0299 (2) 0.0174 (4) 
-0.2793 (4) 0.2051 (2) 0.2899 (2) 0.0139 (4) 

0.1270 (4) O.(X)I4 (2) 0.1649 (2) 0.0131 (4) 
0.0975 (5) 0.4551 (3) 0.2896 (6) 0.0470 ( 11 ) 
0.4439 (5) 0.3646 (3) 0.0619 (3) 0.0258 (5) 

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

A mixture of H3PO4, In(OH)3, HE H20 and organic CTHt3N 
(quinuclidine) with a molar ratio of 2:1:2:80:2 was sealed 
in a Teflon-lined autoclave. The autoclave was heated to 
443K and kept at this temperature for 10d, and then 
quenched with water. The crystals obtained were filtered off, 
washed with distilled water and dried at 323 K. The starting 
chemical composition appears to be important for the synthesis 
of the title compound, for example, the formation of the 
orthorhombic phase was favored in the products synthesized 
from a mixture with a ratio of 1.2:1:2:80:2. 

Crystal data 

InPO4.2H20 Mo Ko~ radiation 
Mr = 245.82 A = 0.71069 
Monoclinic Cell parameters from 25 
P21/ n reflections 
a = 5.4508(12) ,~ 0 = 15.25-19.26 ° 
b = 10.2229(12) A, # = 5.042 mm -~ 
c = 8.8830(17) ~, T = 298 (2) K 

= 91.50 (2) ° Plate 
V= 494.82(16)A3 0.12 × 0.07 × 0.06 mm 
Z = 4 White 
D~ = 3.300 Mg m -3 
Dm n o t  measured 

Data collection 
Rigaku AFC-6S diffractom- 

eter 
w-20 scans 
Abso"ption correction: 

scan (North et al., 
1968) 
Tmm = 0.677, Tm~x = 0.767 

2267 measured reflections 
2163 independent reflections 

R e f i n e m e n t  

Refinement on F 2 
R[F z > 2or(F2)] = 0.028 
wR(F 2) = 0.068 
S = 1.071 
2163 reflections 
74 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

1857 reflections with 
I > 20"(/) 

Rim = 0.033 
0m~ = 34.98 ° 
h =  - 8 - - ~  8 
k = 0 ---, 16 
l = 0 ~  14 
3 standard reflections 

every 50 reflections 
intensity decay: none 

w = l/[a-'(F,~) + (0.0312p)2 
+ 0.7323P] 

where P = (F,] + 2F,?)/3 
(A/O')max = 0.001 
Apm~x = 1.980 e ~ - 3  
Z~pmin = -0 .815 e . ~ - 3  

Extinction correction: none 
Scattering factors from 
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Table 2. Selected bond distances (A) 
In-.. 02' 2.097 (2) ln--()W2 2.174 (3) 
In---OI 2.119(2) P- -02  1.532(2) 
In - -OWl  2.128 (3) P- -03  1.536 (2) 
In--03"  2.128 (2) P--OI 1.538 (21 
In--O4 "t 2.131 (2) P--O4 1.539 (2) 

Symmetry  codes: ( i )  ~+x, ~--y ,  {+z; ( i i )  l+x,  v ,z ; ( i i i )  ~ - x ,  ~+v, ~ - -  - - . - ~ . . .  

Table 3. Hydrogen-bonding geometry (,4, °) 

D - - H .  . .A D - - H  H. . .A D.  . .A D H. . .A 
OW1--HIA. . -OI '  11.811 (3) I.g46(2) 2.585(41 151.0(2) 
OWI--HIB.  • .04" 0.892 (3) 1.768 (2) 2.650 (3) 169.4 (2) 
OW2--112A. • .03 "1 0.868 (3) 1.954 (2) 2.769 (3) 155.9 (2) 
()W2--.H2B. - .02 '~ 0.824 (3) 2.101 (3) 2.827 (4) 146.9 (2) 
OW2_--H2B. - .O1'" 0.824 (3) 2.477 (31 3.083 (41 131.3 (21 

Symmetry  codes: (i) 4 - x ,  4 + 3', { - : ;  (ii) - 4  - x ,  4 + y, 4 - : ;  (iii) 
{ + x ,  ~ - y , z -  {; (ivt I + x , y , z .  

All the non-H atoms were refined anisotropically. The posi- 
tions of the H atoms were obtained from difference Fourier 
syntheses. Nevertheless, the accuracy of the present analy- 
sis allows no further refinement. Only an isotropic displace- 
ment parameter was refined for the four independent H-atom 
positions. It should be added that the introduction of split 
atoms for OWl did not improve the reliability of the structural 
model, although the average In- -OWl distance was increased 
by 0.013 to 2.141 (5)A. The largest residual peak in the differ- 
ence Fourier maps was located at (0.082,0.901,0.200), 0.73 ,~, 
from the In atom, and the largest hole at (0.142,0.834,0.307), 
1.00 ,~, from In. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1988). Cell refinement: 
MSC/AFC Diffractometer Control Software. Program(s) used 
to refine structure: SHELXL97 (Sheldrick, 1997). Molecular 
graphics: ATOMS (Dowty, 1997). 

The  present  study was f inancial ly suppor ted by 
CREST,  Japan Sc ience  and Techno logy  Corporat ion.  

Supplementary  data for this paper are available from the IUCr 
electronic archives (Reference: OH1113). Services for accessing these 

data are described at the back of the journal .  
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Nitrate d'argent et de c~sium: AgCs(NO3)z 

1978). Les groupements N 1©3 et N203 sont plans et 
s'orientent perpendiculairement l 'un par rapport h l'autre 
[90,0 (4)°]. Chaque cation Ag ÷ est situ6 au centre d 'une 
pyramide h base carr6e d'atomes d'oxygbne dont trois 
proviennen! de deux groupements N203 [2,317(8)- 
2,590 (11)A] et les deux autres d 'un groupement N103 
[2,474(7)A]. Chaque cation Cs ÷ est environn6 par 
douze atomes d'oxyg~ne appartenant respectivement 

huit groupements N103 [3,123(4)-3,716(7)A] et 
~. quatre groupements N203 [3,100 (7)-3,578 (9) ,~,]. 
Les distances A g - - O  [2,317 (8)-2,590(11) A] et C s - -  
O [3,100(7)-3,716(7)A] sont proches de celles ren- 
contr6es respectivement dans les compos6s AgNO3 
(Meyer & Capponi, 1982) et CsNO3 (Pohl & Gross, 
1993). 
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Abstract 
The structure of silver caesium dinitrate, AgCs(NO3)3, 
consists of NOF layers perpendicular to the [100] 
direction. The Ag ÷ and Cs + cations are located between 
the layers, forming AgO5 and CsO~2 polyhedra. The 
NOF groups are planar. 

Commentaire 
Si les structures de AgNO3 (Meyer et al., 1978) et 
CsNO3 (Dean et al., 1985) ont 6t6 bien 6tablies, celle 
du sel double AgCs(NO3)2 n 'a  fait l 'objet d 'aucune 
d6termination structurale. Seule son existence a 6t6 
signal6e dans les syst~mes AgNO3.CsNO3 (Flor & 
Sinistri, 1968; Gioia Lobbia & Cingolani, 1975; Hel- 
lali et al., 1999) et AgNO3.CsNO3.H20 (Khutsistova, 
1988). Dans ce travail, la synth~se et l'6tude struc- 
turale de AgCs(NO3)2 sont pr6sent6es. La structure de 
AgCs(NO3)2 est constitu6e de couches N 1OF et N2OF 
altern6es perpendiculaires ~ la direction [100], entre 
lesquelles se placent les cations Ag ÷ et Cs ÷ (Fig. 1). 
Les couches N103 sont de plans moyens situ6s ?a 
x = 0 et x = 0,5 et celles de type N203 h x = 
0,25 et x = 0,75. Dans la couche N203, deux atomes 
d'azote sont distants de 3,380 (9),~,. Cette distance est 
sup6rieure ~ celle s6poarant deux atomes d'azote dans la 
couche N103 (3,083 A),omais inf6rieure h celle s6parant 
N1 de N2 [4,837 (11)A]. Ces distances encadrent la 
valeur 3,265 A trouv6e dans AgNO3 (Meyer et at., 
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Fig. 1. Projection de la structure de AgCs(NO3)2 selon 1010]. Les 
ellipsoides d'agitation isotropique ont une probabilit6 de 50%. 

Partie exp~rimentale 

Les r6actifs utilis6s sont AgNO3 et CsNO3 purs (Aldrich: 
99,99%) pr6alablement s~ch6s h 380 K pendant plus de 24 h. 
Un m61ange de AgNO3 et CsNO3 pris dans le rapport molaire 
1:1 et plac6 dans un creuset en platine a 6t6 port6 h 620 K. 
Apr~s fusion, il a 6t6 refroidi ~ 298 K. II a 6t6 ensuite 
dissous dans l'eau et abandonn6 a temp6rature ambiante 
pendant plusieurs jours pour laisser appara~tre des cristaux de 
AgCs(NO3)2. 

Donndes cristallines 

AgCs(NO3)2 Mo Kc~ radiation 
Mr = 364,80 A = 0,71069 ,~, 
Monoclinique Param~tres de la maille h 
C2/m l'aide de 25 r6flexions 
a = 20,430 (4) ~, 0 = 10,40-13,89 ° 

o 

b = 5,591 (4) A # = 9,269 mm- 
c = 5,2880 (6) A T= 293 (2) K 
/3 = 93,260 (10) ° Parall616pip~de 
V 603,0 ( 5 ) A  3 0,36 × 0,14 × 0,14 mm 
Z = 4 Incolore 
D~ = 4,018 Mg m -3 
Dm pas mesur6e 
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