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Abstract. (I) CdSrP207, Mr=374.0,  monoclinic, 
P21/n, a = 5.414 (1), b = 8.615 (3), c = 12.878 (5) A, 
/3 = 90-01 (3) °, V = 600-6 (4)/13, Z = 4, Dm = 
4"10 (5), Dx = 4"135 g cm -3, a(Mo Ka) = 0.71069 ,A,, 
/.t = 126.6 cm-1, F(000) = 688, T = 298 K, R = 6.0% 
for 942 observed reflections. (II) CdBaP207, Mr = 
423.7, triclinic, Pi ,  a = 5.641 (1), b = 7.038 (2), c = 
7.624 (2) A, a = 78.55 (2), /3 = 89-83 (2), y = 
86.79 (2) °, V= 296.2 (2)/~3, Z = 2, Dm = 4.68 (5), Dx 
= 4.750 g cm -3, A(Mo Ka) = 0.71069 •, # = 
107"1 cm -I, F(000) = 380, T = 2 9 8  K, R = 6 . 0 %  for 
1217 observed reflections. The single-crystal struc- 
tures of two mixed alkaline earth/transition metal 
diphosphates show them to exist in the solid state as 
dichromates with Cd in a distorted octahedral 
environment and the alkaline earth atoms, Sr and 
Ba, respectively eight and nine coordinate. 

Introduction. Diphosphates, A2P207, A =divalent 
cation, have received wide attention in the structural 
literature. Each of the materials, A = alkaline earth 
dication (Mg 2+, Ca 2+, Sr 2 ÷ and Ba z +) (Mg 2 +: 
Calvo, 1965, 1967; Lukaszewicz, 1967b; Ca 2 ~- : Calvo, 
1968; Webb, 1966; Sr2+: Grenier & Masse, 1967; 
Hagman, Jansson & Magn61i, 1968; Hoffman & 
Mooney, 1960; Ba2+: Morris et al., 1979b), is known 
to exist in at least two phases whose structures or 
isostructural relationships have been established by 
single-crystal or powder X-ray diffraction. 

Structural information for A = transition metal 
dication has also been reported (Co 2 +: 
Krishnamachari & Calvo, 1972; Cu2+: Robertson 
& Calvo, 1967, 1968; Ni2+: Lukaszewicz, 1967a; 
Pietraszko & Lukaszewicz, 1968; Masse, Guitel & 
Durif, 1979; Zn 2+: Robertson & Calvo, 1970; Calvo, 
1965; Mn2+: Stefanidis & Nord, 1984; Cd2+: Calvo 
& Au, 1969; Morris et al., 1979a). Pb2P207 is known 
(Mullica, Perkins, Grossie, Boatner & Sales, 1986). It 
has been observed that structures in which the radius 
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of A is greater than 0.97 A (Brown & Calvo, 1970) 
are of the dichromate type (A = Ba 2+, Cd 2+, Ca 2+, 
Sr z+ and Pb 2+) in which pairs of P2074- groups in 
eclipsed conformation crystallize about a center of 
symmetry with bridging O atoms extending towards 
each other. When the radius of A is less than 0.97 A 
(A = Mg 2+, Mn 2+, Co 2+, Cu 2+, Ni 2+ and Zn2+), 
the structures are of the type, thortveitite, in which 
P2074- exists in staggered conformation. 

Mixed diphosphate structures of the type 
AIIBIIp207 are less well known. All are of the dichro- 
mate family. The single-crystal X-ray structures of 
CaCoP207 (Riou, Labbe & Goreaud, 1988b), 
CaCuP207, SrCuP207 (Moqine, 1986) and 
BaCoP207 (Riou, Labbe & Goreaud, 1988a) have 
been reported. The mixed diphosphates 
C03Pb(P207)2 (Dindune, Krasnikov & Konstant, 
1984) and Ni3Pb(P207)2 (Krasnikov, Konstant & 
Bel'skii, 1985), of structural type AII3BII(P207)2, are 
also known. 

We have studied the mixed systems AIIBIIp207, in 
which A = Ca, St, Ba and B = Cd, (Alaoui E1 
Belghiti, 1990), and have found CdSrP207 and 
CdBaP207 to form solid materials with A/B ratios of 
1/1. Single-crystal X-ray diffraction studies of these 
materials are presented here. For A = Ca, the ratio 
A/B is equal to three and a mixed calcium/cadmium 
site is observed. These results will be published else- 
where (Alaoui E1 Belghiti, Boukhari & Holt, 1990). 

Structures of the parent or non-mixed materials, 
Sr2P207, and Cd2P207 have been reported. SrP207 
exists in a high-temperature or a form above 1033 K 
and also in a low temperature or/3 form. te-Sr2P207 
crystallizes with 9-coordinate Sr (Grenier & Masse, 
1967; Hagman, Jansson & Magn61i, 1968) and is 
related to the structure of t~-CazP2OT. The/3-Sr2P207 
modification, identified from powder diffraction 
studies (Hoffman & Mooney, 1960), has not been 
subjected to full single-crystal X-ray structure 
examination but appears isostructural with 
/3-Ca2P207 (Webb, 1966) in which Ca atoms show 
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7, 8 and 9 coordination to O atoms, a-Ba2P207 is 
reported to be isostructural with tt-Sr2P207. 
fl-SrEP207 is unknown; however, the existence of 
T-BaEP207 has been reported (Morris et al., 1979b). 

Cd2P207 has been examined by single-crystal 
X-ray crystallography; cadmium is found to be 5 and 
6 coordinate (Calvo & Au, 1969; Morris et al., 
1979a). 

Apmin = --0"18, --0"08; APmax : 0"18, 0"20 e A -3 for 
(I) and (II) respectively. 

Discussion. Projection views of the cell contents of (I) 
and (II) are shown in Figs. 1 and 2, based on the 
positional parameters of Table 1,* respectively. Bond 
angles and distances for (I) and (II) are listed in 
Table 2. 

Experimental. Single crystals of CdSrP207 (I) were 
prepared by heating a stoichiometric mixture of 
CdCO3, SrCO3, and (NH4)EHPO4 to liquid state 
(1350 K) in a platinum carrier, followed by a period 
of slow cooling (4 K h-~) to 1170 K and further 
cooling ( 1 0 K h  -1) to 473 K. Single crystals of 
CdBaP207 (II) were prepared using the same pro- 
cedure of controlled cooling following fusion at 
1370 K. 

Crystals of (I) and (II), dimensions 0.12 x 0.10 x 
0.10mm, (I); 0.11 x0.11 x0 .11mm,  (II), were 
mounted on a Syntex P21 automated diffractometer. 
Unit-cell dimensions were determined by least- 
squares refinement of angular positions for fifteen 
independent reflections (20>  15 °) during normal 
alignment procedures. Data [1717 (I), 1731 (II) 
independent points after removal of space-group for- 
bidden, (I), and redundant data, (I) and (II)] were 
collected at room temperature using a variable scan 
rate, a 0-20 scan mode and a scan width of 1.2 ° 
below Kal to 1.2 ° above Ka2 to a maximum 20 
value of 60 ° . Backgrounds were measured at each 
side of the scan for a combined time equal to the 
total scan time. The intensities of three standard 
reflections were remeasured after every 97 reflections. 
As the intensities of these reflections showed less 
than 5% variation, corrections for decomposition 
were deemed unnecessary. Data were corrected for 
Lorentz and polarization effects. Observed reflec- 
tions [942 (I), 1217 (II), points I >  3.0tr(I); (I) - 7  < 
h < 7 , 0 < k < 1 2 , 0 < l < 1 5 , ( I I )  - 7 < h < 7 ,  - 9 <  
k < 0 ,  - 1 0 < l <  10] were used for solution and 
refinement. Direct methods (MULTAN80; Main, 
Fiske, Hull, Lessinger, Germain, Declercq & Woolf- 
son, 1980) permitted location of the heavy-atom 
positions. A cycle of least-squares refinement fol- 
lowed by a difference Fourier synthesis allowed loca- 
tion of the P2074- groups. Refinement (XRAY; 
Stewart, 1978) of scale factor, positional and iso- 
tropic thermal parameters was carried out to conver- 
gence, function minimized Y.w(IFol- IF~I) 2, leading 
to a final agreement factor. For both structures, 
scattering factors were taken from Cromer & Mann 
(1968). Anomalous-dispersion corrections were made 
for Cd, Ba and Sr (International Tables for X-ray 
Crystallography, 1974, Vol. IV). In the final stages of 
refinement a weight of 1/tr(F) 2 was used. R/wR = 
6.0/7.2%, (I); 6.0/6.9%, (II). (4/tr)~ax = 0"07, 0"03; 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
53443 (36 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CHI 2HU, England. 
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Fig. 1. Projection view of CdSrP207 (I) on the plane (100). 
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Fig. 2. Projection view of CdBaP207 (II) on the plane (100). 
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Table 1. Positional parameters for (I) and (II) 

(I) 
Cdl 0.1957 (3) 
Srl 0.2212 (3) 
Pl 0.2401 (9) 
P2 0.2076 (9) 
Oi2  0.2534 (27) 
O13 0.1815 (26) 
O14 0.0262 (29) 
O15 0.4833 (26) 
O21 0.2823 (27) 
022 - 0.0609 (27) 
023 0.3762 (29) 

(II)  
Ba I 0.2340 (2) 
Cdl 0.2151 (2) 
P1 0.7223 (7) 
P2 0-7238 (7) 
O l l  0.9347 (20) 
O12 0.7373 (19) 
O13 0-7277 (22) 
OI4 0-4941 (21) 
O21 0.9144 (21) 
022 0.7679 (21) 
023 0.4797 (20) 

Table 2. Bond distances (A) and angles (o) 
Ueq = (U,, + U22 + 0"33)/3. (I) 

Sr 1...O 15 ii 2"66 (I) Cd 1""O2 In 
y z Ueq(A2) × 103" Sr1"-O22 i 2"65 (1) Cdl...O13 ~'~ 

Sr1""O23 ii 2.63 (2) Cdl...O23 'v 
0.1397 (2) 0.4054 (1) 11.9 (.6) Srl---O2V 2"60 (1) P I - - O I 2  
0"1723 (2) 0"7302 (I) 7"1 ('7) Srl...O13 ,~ 2.62 (I) P1- -OI3  
0.0309 (6) 0.1744 (4) 6.3 (2) Srl...O14 ,~ 2.78 (1) P I - - O I 4  
0"2829 (6) 0'0253 (4) 6"0 (2) Srl . . .Ol4 i 2"53 (1) PI---OI5 
0"1061 (16) 0"0617 (11) 12.0 (6) Srl...O15 vii 2.61 (1) P2---4)12 

-0.1376 (17) 0.1596 (11) 11.7 (6) Cd l . "O l4  2.41 (1) P2---O21 
0"1054 (17) 0"2340 (11) 14.3 (6) Cdl.-.O15 2.88 (2) P2---O22 
0.0573 (18) 0.2254 (12) 14.7 (6) Cdl...O22' 2-25 (1) P2---O23 
0.2872 (18) -0"0849 (11) 13.7 (6) 
0.3289 (19) 0.0455 (12) 15.0 (6) O14----Cdl---O15 55.8 (5) O13'u---Cdl---O23 i~ 
0.3831 (19) 0.0908 (12) 17.7 (7) O14---Cdl--O22 i 166.5 (6) O12--P1----O13 

O 14--Cd 1---O21 ii 73-5 (5) O12--P1---O14 
O14--Cdl---Ol  T ii 82.7 (5) O12--PI---OI 5 

0.2349 (1) 0.4343 (1) 10-7 (.3) OI4---Cdl---O2T v 80-4 (5) O13--P1---O14 
0.3507 (2) -0.1002 (1) 14.4 (.5) O15--Cdl---O22 ~ 110.9 (5) O13--PI---O15 
0-2683 (6) 0"7011 (5) 8.0 ('8) O15---Cdi---O2P ~ 129.0 (4) O14---P1---O15 
0.1668 (6) 1.0956 (5) 8.3 ('8) O15---Cdl---O13 iii 75.2 (5) P I - 0 1 2 - - P 2  
0.3911 (17) 0.6864 (15) 12.0 (4) O I 5 - - C d l - - O 2 T  ~ 82.4 (5) O12--P2--O21 
0.1257 (17) 0.8943 (14) 13-3 (4) O22 ' - - -Cd l -021  ~ 119.1 (5) O!2 - -P2- -O22  
0-1407 (18) 0"5623 (15) 15.0 (4) O 2 2 ' - - - C d l - 0 1 T  ~ 91"3 (5) O12--P2---O23 
0.3962 (17) 0.6900 (15) 12.7 (4) O 2 2 ' - - - C d l - 0 2 T  ~ 101-7 (6) O21--P2--O22 
0.3084 (17) !.1097 (15) 13.3 (4) O21" - - -Cd l -013  ijj 94-3 (5) O21--P2---O23 

-0.0298 (18) 1.2116 (14) 14.0 (4) O 2 P ' - - - C d l - 0 2 T  v 95.7 (6) O22--P2---O23 
0.2632 (18) 1-1167 (14) 13.0 (4) 

* o'(Ucq) = ~[o'(Ul 1) 2 + or(U22) 2 + o'(U33)2] l/z. 

2.33 (2) 
2"20 (1) 
2"24 (2) 
1"59 (2) 
1"50 (2) 
1"53 (2) 
1"49 (2) 
1.61 (l) 
1.48 (1) 
1-53 (2) 
1.51 (2) 

157.0 (5) 
106.7 (8) 
108.7 (8) 
107.5 (8) 
108.1 (8) 
113-0 (8) 
112.6 (8) 
130"0 (9) 
105.1 (8) 
109.9 (8) 
106.5 (8) 
114.7 (9) 
110"9 (9) 
109-3 (9) 

The structure of CdSrP207 resembles the high 
temperature or ce-Sr2P207 form. ce-Sr2P207 is ortho- 
rhombic, space group, Pnma, in which layers of Sr 
and P204- exist on mirror planes. CdSrPzO7 is 
isotypic with ce-CazP2OT, space group P2l/n, in 
which the crystallographic mirror plane is absent and 
PzO 4- groups show significant deviation from sym- 
metry about pseudo-mirror planes at x = ~ and 3, yet 
Ca atoms remain at coordinates approximately on 
these planes. In CdSrPzO7 (also P2Jn), both heavy 
atoms and P204- groups show deviation from the 
pseudo-mirror planes at x = 0.25 and 0.75 (Fig. 3). 
Thus the major structural change on introduction of 
Cd into a-Sr2P207 is the loss of mirror symmetry at 
0-25 and 0.75 of the short axis of the cell and a 
resultant increase in cell dimension in this direction 
[CdSrP2OT, 5-414 (1)•  as compared to a-Sr2P2OT, 
5.4035 (4) ]k; a-Ca2P2OT, 5.315 (5)/~]. 

Cadmium has a distorted octahedral environment 
in CdSrP207 with five O atoms at distances 2.20 (1)- 
2.41 (1)A and a sixth at 2.88 (2)A. The Sr z+ atoms 
are found in the folds of the P204- with eight Sr--O 
distances [average 2.635 (1)/~]. 

CdBaP207 is isostructural with BaCoP207 and 
BaCuP2OT. CdBaP207 crystallizes with layers of 
(CdP2OT) z- modules perpendicular to the a axis of 
the cell (Fig. 4) and separated by Ba atoms. It may 
be seen that these layers are composed of 
(CdP207) z- units related by centers of symmetry 
with bridging O atoms extending towards each other. 
Another point of view reveals the layers to be com- 

(II) 
Bal.--Ol3 2"95 (1) Cdl '"O1 i" 2"24 (1) 
Bal...O14 2.89 (1) Cd1""O22 ~' 2"58 (1) 
Bal.. .O2T 2.76 (1) Cdl...O2Y v 2.46 (1) 
Bal...O21" 3.01 (1) P I - -OI1  1.51 (1) 
Bal.. .O1W 2.73 (1) P!---4912 1.61 (1) 
Bal-..O14 iv 3.07 (1) P1---Oi3 1.52 (1) 
Bal.. .Ol V 2-89 (1) PI---O14 1.52 (i) 
BaI ' . 'OIT v 2.64 (1) P2----O12 1-62 (1) 
Bal...O22 vi 2.80 (1) P2---O21 1.52 (1) 
Cdl.. .O14 i 2.25 (1) P2---O22 1.49 (!) 
Cd1""O23 i 2.20 (1) P2---O23 1-52 (I) 
Cdl-..O21" 2.32 (I) 

O 14'---Cd I----O23 ~ 
OI4,---Cd 1----O21 ij 
O 14'---Cd i---O11 ii 
O 14'--Cd 1----O22 i~j 
Ol 4,---Cd 1---O21 ~v 
O23'---Cd 1---O21" 
O23'---Cd 1--O 11 ~i 
O23'---Cd 1---O22 iii 
O23'---Cd 1--O21 iv 
O 2 1 " - - C d l - 0 1 1  u 
021 ii---Cd I--O22 i~ 
O21,,---Cd 1 - 0 2  W 
O 11 ii--Cd 1--O22 i~ 
O 1 1 " - - C d l - 0 2  W 

92.0 (2) O22i~'---Cdl---O21 'v 154.2 (2) 
178.3 (3) Ol 1--PI---OI2 107.2 (6) 
90.4 (3) O11--P1---O13 111.7 (7) 
77.0 (3) Oi I - -PI- - -OI4 110.2 (7) 
98-8 (2) O12--P1--O13 107.0 (6) 
80.6 (2) O12--P1---O14 108.7 (6) 

171-2 (2) O13--P1--O14 111.9 (7) 
97.7 (2) P1---OI2--P2 132-2 (8) 

108.0 (2) O12--P2---O21 106.5 (6) 
88.0 (2) O 12--P2---O22 103.9 (6) 

103-1 (3) O12--P2---O23 107.3 (6) 
80.3 (2) O21--P2---4)22 114.3 (6) 
74.6 (2) O21--P2--O23 109.5 (7) 
80.0 (2) O22--P2---O23 114.7 (6) 

L ~ + X ,  ] Symmetry, ...c°des~ fo r  (I):~ (i) =~_~ + x,  ~ - if, ~ z; lii) = - 1  1 
y , ~ + z ; ( m ) = ~ - x , ~ + y ,  z ; ( i v )  2 -  , - ~ + y , ~ - z ; ( v )  
x , y ,  - l + z ;  ( v i ) = - x ,  - y ,  l - z ;  ( v i i ) = l - x ,  - y ,  1 - z  and 
f o r ( I I ) : ( i ) = - l + x , y , z ; ( i i ) =  - l + x , y ,  - l + z ; ( i i i ) = l - x ,  
- y ,  1 - z ; ( i v ) = l - y ,  - l - y ,  1 -  z; (v) = x, y, - l + z ; ( v i ) = 2  
- x ,  - y ,  l - z .  

prised of  chains of (CdP207)2-units extending in the 
c direction with each Cd atom linked in square 
planar geometry to four O atoms bound to the four 
different P atoms of two different P20 4- groups 
[average Cd---O distance 2.25 (1) /~]. Cadmium 
achieves six coordination by further linkage to an O 
atom of each of the two neighboring chains; 
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Cdl---O22'" 2.58 (1)/~, Cdl---O21 iv 2.46 (1) A. The 
resulting octahedron shows severe distortion from 
octahedral geometry; O22'"--Cdl--O21 iv 154.2 (2) °. 

Barium shows ninefold coordination with Ba--O 
distances ranging from 2-64 (1)-3.07 (1)/~. 

In both (I) and (II), P204- anions crystallize in 
groups of two linked by inversion centers of the unit 
cell. P2 O4- groups are quasi-eclipsed. These solid 
materials are thus of the dichromate class. The pack- 
ing of dichromate pairs in CdBaP207 differs from 
that observed for CdSrP207 (Figs. 4 and 1). In 
CdSrP207, lines connecting bridging O atoms of each 
pair alternate in direction within the cell whereas in 
CdBaP207 these vectors are parallel. 

In CdSrP207, spatial needs of Sr appear to have 
dominated the crystallization process. The resulting 
solid state material resembles that of a-Sr2P207 with 
only small disruption of symmetry upon introduction 

Fig. 3. View of CdSrP207 (I), projected on the (001) plane. 

Ol I '~  

~ 022 

i 
--'92 

Fig. 4. View of CdBaP207 (II), along the [010] axis. 

of cadmium. The CdBaP207 structure appears to be 
determined by the coordination needs of cadmium 
and thus resembles that of BaCoP207 and BaCuP207 
in which the metal atom (Co, Cu, Cd) is located in a 
square pyramidal polyhedron of O atoms and 
coordination needs of the metal appear to dominate. 

The authors express their thanks to the National 
Science Foundation for assistance in the form of a 
grant to permit collaborative investigation. 
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Structure de LaH(PO31-1)2.3H20 
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Abstract. Lanthanum hydrogen bis(hydrogenphos- 
phite) trihydrate, LaH(PO3H)2.3H20, Mr = 353.8, 
monoclinic, P21/c, a=9"687(3),  b=7-138(2),  c = 
13.518 (5) A, fl = 104-48 (3) °, V = 905.0 (5)/~3, Z = 
4, Dm = 2"56 (2), Dx = 2"598 Mg m -3, ,~(Mo Ko~) = 
0"71073 A, /z(Mo Ka) = 5"103 mm -1, F(000) = 672, 
T = 300 K, R = 0"032 for 1018 independent observed 
reflections. The structure contains two phosphite 
anions connected by a hydrogen bond. The La 3+ 
cation is eight coordinated by seven O atoms from 
phosphite anions and one O atom of a water mol- 
ecule. 

Introduction. Une 6tude r6cente nous a permis de 
mettre en 6vidence plusieurs types de sels acides de 
phosphites de terres rares. Ces compos6s sont diff6r- 
ents par leur degr6 d'hydratation ou le nombre 
d'hydrog6ne acide. 

Quelques phosphites alcalins: Na2PO3H.5H20 
(Colton & Henn, 1971), (NH4)2PO3H.H20 (Rafiq, 
Durand & Cot, 1982), alcalinoterreux: MgPO3H.- 
6H20 (Corbridge, 1956), Ca(HPO3H)2.H20 (Larbot, 
Durand & Cot, 1984), de m&aux de transition 
divalents: CuPO3H.2HzO (Handlovi6, 1969) et 
Cd(HPO3H).H20 (Loub, Podlahova & Jecny, 1978) 
et de m6taux trivalents de lanthanides: NdH- 
(PO3H)2.2H20 (Loukili, Durand, Cot & Rafiq, 1988) 
et La(HPO3H)3.H20 (Tijani, Durand & Cot, 1988), 
ont fait l'objet de d6terminations structurales. 

Les phases d6jS. isol6es sont du type: 
MH(PO3H)z.I,5H20 avec M =  La, Ce; La(HPO3- 
H)3.H20, Ce2(PO3H)3.4H20 (Larbot, Battou, 
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Durand & Cot, 1982) ou MH(POaH)2.2H20 avec M 
= Y,  La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb ou Lu (Durand, Loukili, Tijani, Rafiq & 
Cot, 1988). 

La structure de LaH(POaH)>3H20 est un nouvel 
exemple d'arrangement dans cette famille de com- 
pos6s de terres rares. 

Pattie exp6rimentale. L'oxyde de lanthane La203 est 
dissous dans un exc6s d'acide phosphoreux. La solu- 
tion obtenue est dilu6e puis conserv6e dans un dessi- 
ccateur. Des cristaux en forme de fines aiguilles se 
forment ~t temp6rature ambiante fi partir de la 
solution. Param6tres de maille d6termin6s par 
enregistrement en chambre de Weissenberg (sym&rie 
monoclinique F21/c) affin6s par la m&hode des 
moindres carr6s fi partir du spectre de poudre; 
densit6 mesur6e par pycnom6trie dans le benz6ne ~i 
393 K; axe d'allongement c; dimensions du cristal 
0,02 x 0,02 x 0,2 mm; diffractom6tre Nicolet R3m/V. 
Mesures d'intensit6 effectu6es avec balayage 0-20; 0 
< 50°; largeur de balayage 1,20°; 0 _< h _< 1 l, 0 _< k _< 
8, - 16 _< l _< 15; trois r6flexions contr61es mesur6es 
toutes les 500 r6flexions; pas de variation d'intensit6 
sup6rieure fi 0,3%, 1853 r6flexions mesur6es, 1603 
r6flexions ind6pendantes et 1018 observ6es [F > 
6o'(F)]; correction d'absorption; structure r6solue par 
m6thodes directes; affinement des param6tres 
atomiques (sauf pour les atomes d'hydrog6ne) par la 
m6thode des moindres carr6s bas6e sur F; atomes 
d'hydrog6ne de PO3 H2- positionn6s par synth6se 
diff6rence de Fourier, mais non affin6s, autres 
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