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positive charge, as was also found in the magnesium 
and nickel structures. 

Although the atomic and group charges are similar 
for the structures, the topography of the difference 
density differs markedly from those for the transition 
metals. The topographies of the sections of the 
difference density near the Zn nucleus in the three maps 
shown in Fig. 1 are minor variations on the one theme. 
An elongated peak or ridge of density straddles the 
metal nucleus. A localized minimum 0.3 A from the 
nucleus extends in a direction normal to the ridge, with 
positive density in approximately the same direction, 
reaching a maximum 0.6 A from the nucleus. How- 
ever, the relationships of these features to the Z n - O  
bonds is quite different, with the approximate sym- 
metry axes for the feature aligned along the bonds in (a) 
and bisecting the O - Z n - O  angle in (c). The orienta- 
tion in (b) is intermediate between these two orienta- 
tions, but closer to that in (a). In Figs. l(b) and l(c) 
containing O(9), the central ridge points towards a 
broad depleted region intersecting with, and reaching a 
minimum on, the Zn-O(9)  vector. The density along 
M--O(9) is also depleted in the magnesium, nickel and 
copper complexes. However, this region is more 
extensive in the zinc structure. 

For the transition-metal complexes there are minima, 
0.3 A from the metal nucleus and aligned closely with 
M--O(7) and M--O(8), which are attributed to the 
reduction of density in the eg orbitals. Although there 
are minima at about 0.3 A from the Zn nucleus, these 
do not minimize along the M--O bonds. There is strong 
concentration of density 0.6 A from the metal nucleus, 
especially along the Zn-O(7)  bond. The appearance of 

the map suggests that it is constructed from compo- 
nents with a radial structure such that the sign of the 
difference density changes between 0-3 and 0.6 ./~ from 
the metal. 

The authors acknowledge the assistance of A. H. 
White with the X-ray measurements. Computer pro- 
grams for the data reduction and structure analysis 
were from the X T A L  system of Hall & Stewart (1987). 
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Abstract. [CIoHI2S412[Ni(CN)4], Mr=683 .71 ,  tri- 
clinic, Pi ,  a = 8.186 (4), b = 8.574 (4), c = 
10.361 (6)/k, ct= 92.54 (6), t =  97.47 (6), 7 =  
98.14 (7) °, V =  712.3 A 3, Z = 1, D x = 1.594 gcm -3, 
2(MoKct)=0.71073/k,  /~= 12.70cm -1, F(000)= 

* Auteur auquel correspondance dewa &re adress6e. 
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352, T =  293 K, R = 0.038 for 1705 observed reflec- 
tions. The TMTTF molecules are dimerized and form 
with the Ni(CN) 4 a distorted cubic coordination typical 
of the CsC1 structure type. The Ni(CN) 4 anions form a 
dihedral angle of 102.1 ° with the TMTTF. The 2:1 
stoichiometry suggests fully oxidized organic mole- 
cules in agreement with the insulating character of this 
material. 
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Introduction. Dans le cadre de la poursuite de nos 
recherches dans le domaine des mat6riaux organo- 
min6raux (Ouahab, 1985; Ouahab, Batail, Perrin & 
Garrigou-Lagrange, 1987), nous avons dans ce travail 
cherch6 ~ diversifier la nature de l'esp~ce anionique en 
nous int6ressant plus particuli6rement aux t&racyano- 
m&allates [M(CN) 4, M = Ni, Pt, Pd]. Ces anions sont 
plans et poss6dent deux charges n6gatives. Nous 
pr6sentons dans ce qui suit la structure mol6culaire et 
cristalline du sel isolant (TMTTF)2[Ni(CN) 4] obtenu 
par 61ectrocristallisation. 

Partie exp6rimentale. Les cristaux de ce mat6riau ont 
6t6 obtenus par oxydation anodique, sur 61ectrode de 
platine, sous un courant de 1,5 laA ~ l'aide d'une 
solution satur6e de K2[Ni(CN) 4] (80% ac&onitrile et 
20% eau) en pr6sence de TMTTF ( 1 0 - 3 M ) .  Ces 
cristaux se pr6sentent sous forme de plaquettes noires. 
Les param&res de la maille ont 6t6 affin6s par moindres 
carr6s ~ partir de 25 r6flexions (6 < 0 < 14 °) opti- 
mis6es. Enregistrement des intensit6s diffract6es sur 
diffractom&re automatique (Nonius CAD-4); mono- 
chromateur: lame de graphite; balayage at-20; domaine 
hkh - 9 < h < 9 ,  - l O < k < l O ,  0 < 1 < 1 3 ;  0 < 2 5 ° ;  
trois r6flexions de contr61e, pas de variation 
d'intensit6; 2505 r6flexions mesur6es, 1705 observ6es 
[I >3a(/)] ,  correction de Lorentz-polarisation mais 
pas de correction d'absorption; dimensions du cristal: 
0,15 x 0,12 x 0,06 mm. Structure r6solue ~ l'aide des 
m&hodes directes (MULTAN80, Main, Fiske, Hull, 
Lessinger, Germain, Declercq & Woolfson, 1980) et de 
synth6ses de Fourier diff6rence successives. Affine- 
ment de la structure par une m&hode de moindres 
carr6s (matrice compl&e) minimisant la fonction de 
~.w(IFol - IFcl)2; w =  1/[e(IFol) z + (0,04 IFo I)21, 
S = 1,63; (A/o)ma x = 0,02; APmax = 0,39 e A-3; R = 
0,038, wR =0,048;  facteurs de diffusion des 
International Tables for X-ray Crystallography (1974). 
Programmes de calcul de la chalne SDP (Frenz, 1978). 

Discussion. Le Tableau 1 rassemble les valeurs finales 
des positions atomiques avec leurs 6carts types ainsi 
que les facteurs d'agitation thermique isotropes 6quiva- 
lents.* Les valeurs des angles et des longeurs de liaisons 
sont donn6es dans la Fig. 1. Ces vaieurs sont en accord 
avec celles observ6es pour l'anion [Ni(CN)4] z- dans 
son sel de bis(N-m&hyl-pyridinium-4)-l,2 &hyl6ne 
(Leipoldt, Basson & Bok, 1970). Dans la mol6cule 
organique la longueur de la liaison C 1 -C4  [1,390 (5) A] 

Tableau 1. Coordonndes atomiques (x 10 4) et facteurs 
d'agitation thermiques dquivalents 

Les 6carts types sont donn6s entre parenth6ses. 

B~q 7~Ylf l t sa l  a I a e a  r 

x y z B~q (A 2) 
Ni 0 0 0 2,69 (2) 
Sl 2073 (1) 3755 (1) 3821 (1) 2,54 (2) 
$2 2708 (1) 6477 (1) 5669 (1) 2,56 (2) 
$3 4857 (1) 4573 (I) 7701 (1) 2,54 (2) 
$4 4085 (1) 1790 (1) 5944 (1) 2,73 (2) 
N1 2472 (6) 2981 (5) 283 (5) 4,6 (1) 
N2 1273 (6) -953 (5) -2474 (4) 4,5 (1) 
CI 3023 (5) 4573 (5) 5316 (4) 2,14 (8) 
C2 1421 (5) 6646 (5) 4221 (4) 2,54 (9) 
C3 1117 (5) 5376 (5) 3366 (4) 2,69 (9) 
C4 3882 (5) 3729 (5) 6223 (4) 2,18 (8) 
C5 5552 (5) 2882 (5) 8269 (4) 2,55 (9) 
C6 5198 (5) 1579 (5) 7450 (4) 2,61 (9) 
C7 802 (6) 8187 (6) 4053 (5) 3,7 (1) 
C8 56 (6) 5212 (6) 2063 (5) 3,5 (1) 
C9 6463 (6) 2980 (6) 9629 (5) 3,5 (1) 
C 10 5600 (7) -28  (6) -7738 (5) 3,8 (I) 
C21 1523 (6) 1847 (5) 180 (5) 3,2 (1) 
C22 773 (6) -605 (5) -1541 (5) 3,3 (1) 
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Fig. 1. Longueurs (A) et angles (o) de liaisons (a) TMTrF, (b) 
Ni(CN) 4. 

* Les listes des facteurs de structure, des facteurs d'agitation 
thermique anisotrope, des coordonn6es atomiques des atomes 
d'hydrog6ne et des plans moyens ont 6t6 d6pos6es au d6p6t 
d'archives de la British Library Document Supply Centre (Sup- 
plementary Publication No. SUP 44926:16 pp.). On peut en obtenir 
des copies en s'adressant ~: The Executive Secretary, International 
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, 
Angleterre. 

ainsi que les longueurs des liaisons C1-S(1,2)  et 
C4-S(3,4)  [distance moyenne 1,713(3)A] sont 
comparables ~ celles observ6es dans d'autres mat6riaux 
contenant des mol6cules organiques totalement oxyd6es 
(Teitelbaum, Marks & Johnson, 1980). Les mol6cules 
organiques forment des dim6res totalement oxyd6s [les 
distances S.. .S interdim~res sont de 3,995 (1)A]. Ces 
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Fig. 2. Vue en perspective du contenu de la maille. 

dimrres sont en coordinence cubique drformre, par 
rapport aux anions [Ni(CN)4] 2-, typique de la struc- 
ture CsC1 (Ouahab et al., 1987). Les molrcules de 
TMTTF prrsentent un recouvrement 6clips6 (Fig. 2). 
Cette configuration maximise les interactions soufre- 
soufre (Lowe, 1980). Ainsi, les molrcules ne sont pas 
planes et il en rrsulte des distances S.. .S intradim~res 
de 3,327 (1)A courtes par rapport / t  la srparation de 
van der Waals (3,70 A). 

Nous remercions Professeur Daniel Grandjean, 
Laboratoire de Cristallochimie, Universit6 de Rennes I, 
35042 Rennes, France, pour avoir mis /l notre 
disposition le diffractom&re automatique. 
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The Structure of MoO2DPO4.D20 by Powder Neutron Diffraction 
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Abstract. MoO2DPO4.D20, M r =  244.9, monoclinic, 
P 2 J m ,  a = 6.7104 (2), b = 6.3437 (2), c = 
6.9864 (2) A, t =  109.892 (1) °, V =  279.7 (1) A 3, z 
= 2, D x =  2.90g cm -3, 2 =  1.595 A, p =  0.010 cm -~, 
T =  5 K. The D-atom positions in MoO2DPO4.D20 
have been determined by powder neutron diffraction 
using the Rietveld profile refinement method. The 
structure of this material, formerly represented as 
Mo(OH)3PO 4, was found to consist of bent MoO 2 
groups coordinated by D20 and linked into double 
chains by PO3OD units. These double chains are held 
together by hydrogen bonds. 

Introduction. A material of the composition 2MoO3.- 
P2Os.3H20 was first reported by Schultz (1955). 
Kierkegaard (1958) subsequently studied the structure 
of this material by single-crystal X-ray diffraction and 
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found it to consist of double chains of linked MoO 6 
octahedra and PO 4 tetrahedra parallel to the crystal y 
axis. The refinement was unable to locate the H atoms 
and indeed considerable uncertainty remained in a 
number of the O-atom positions. Kierkegaard in- 
terpreted the results of this refinement as demonstrating 
the presence of MoOa(OH) 3 octahedra, with a fairly 
regular octahedral coordination for molybdenum, lin- 
ked by O - P O 2 - O  units, and hence described the 
material as Mo(OH)aPO 4. 

However, the infra-red spectrum of this material 
shows a very strong absorption at 1620cm- '  
(Kierkegaard, 1962), indicative of water molecules in 
the structure. This prompted us to examine the 
structure of 'Mo(OH)aPO 4' by neutron diffraction in 
order to determine accurate oxygen positions and locate 
the H atoms. 
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