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O(1) shifted significantly when O(1A) was included in 
the model. The two largest shifts were 12a in the z 
coordinate and 14a in fl33. The final Ap map contained 
no peaks larger than 0.07 e A -3 in the vicinity of O(1) 
and O(1A). This type of disorder, where the coor- 
dination pyramid around H30 ÷ is turned inside out, has 
been described earlier (Lundgren, 1979; Gustafsson, 
1985). 
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Abstract. CuK4(P309)2.4H20 , M r = 7 6 5 . 8 4  , mono- 
clinic, P2Ja,  a = 8 . 5 1 0 ( 5 ) ,  b = 1 4 . 3 0 3 ( 8 ) ;  c =  
8-487 (5) A, f l=  96.51 (2) ° , V =  1026 (2)/~3, Z =  2, 
D x = 2.478 Mg m -3, 2(Ag K~) = 0.5608 A, p = 
1.272 mm -~, F(000) = 758, T =  293 K, final R = 0.028 
for 2336 independent reflexions. The crystal structure is 
built up by double layers of KO,, polyhedra alternating 
with layers of CuO 6 octahedra, both perpendicular to 
the c axis. The phosphoric anion P309 is a trimeric ring. 

Introduction. Copper-alkali (or monovalent cation) 
cyclophosphates are not very common. In order of 
increasing condensation one can only mention: 
Na4Cu(P309)2.4H20 (Durif & Averbuch-Pouchot, 
1984), Li2CUEP6Ol8 (Lafigt & Durif, 1974), 
Cu3M~PsO24 ( M t = N H 4 ,  Cs, Tl, Rb) (Lafigt & 
Guitel, 1975). The present study describes the chemical 
preparation and crystal structure of a new copper- 
potassium cyclo-triphosphate. 

Experimental. CuK4(P3Og)E.4H20 was prepared by the 
metathesis reaction of Boull~ (1941) using silver 
trimetaphosphate monohydrate as starting material. An 
aqueous solution of CuC12.2H20 and KCI in stoichio- 
metric proportions is added with the corresponding 
amount of Ag3P3Og.H20. The reaction scheme is: 

CuCIz+4KCI+ 2Ag3P30 9 ~CuK4(PaOg)z+6 AgCI. 

After filtration, to eliminate the insoluble silver chloride, 

the resulting solution is kept at room temperature until 
the formation of CuK4(PaOg)E.4H20 crystals; they 
appear as thick monoclinic platelets; density not 
measured. Cubic fragment 0.22 x 0.22 x 0.22 mm. 
Philips PW 1100 diffractometer; graphite monochro- 
mator; systematic absences: 0k0 (k = 2n), hOl (h = 2n); 
21 reflexions (9.5 < 0 < 11.5 °) for refining the unit-cell 
dimensions, co scan; 3078 reflexions measured (3 < 
0 < 30°), 2916 unique, Rint = 0"000, +h,k,l, hma x = 15, 
kmax=25, /max= 10; scan width 1.20°; scan speed 
---0.02 ° s-~; total background measuring time 20s.  
Two orientation and intensity control reflexions (112 
and 1i2) every 2 h, no variation. Lorentz-polarization 
corrections, no absorption correction. Direct methods 
(MULTAN77,  Main, Lessinger, Woolfson, Germain & 
Declercq, 1977) used to solve the structure. Aniso- 
tropic full-matrix least-squares refinement (on F); unit 
weights; hydrogen atoms located on difference Fourier 
maps and refined isotropically; final refinements with 
2336 reflexions corresponding to 1 >  5a(/); final R 
= 0.028 (wR -- 0.032). For the complete set of unique 
reflexions R =0 .032 .  Extinction coefficient refined: 
0.69 x 10 -7 (Stout & Jensen, 1968), S = 1-182, max. 
A / a = O . 0 2  (extinction coefficient). Maximum peak 
height in final difference Fourier map 0.63e/~, -3. 
Scattering factors for neutral atoms and f ' ,  f "  from 
International Tables for  X-ray Crystallography (1974). 
Enraf-Nonius (1977) SDP used for all calculations. 
Computer: PDP 11-70. 
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Discussion. Table 1 reports the final atomic coordi- 
nates and Beq.*  Fig. 1 is a projection of the atomic 
arrangement along the b axis. If one considers the 
stacking of the associated-cation polyhedra, the atomic 
arrangement can be described as layers of distorted 
CuO 6 octahedra alternating along the b axis with 
double layers of potassium polyhedra. The centro- 

* Lists o f  structure factors and anisotropic thermal parameters  
have been deposited with the British Library Document  Supply 
Centre as Supplementary Publication No.  SUP 43687 (19 pp.). 
Copies may  be obtained through The Executive Secretary, 
International Union of  Crystal lography, 5 Abbey  Square, Chester 
CH1  2HU,  England. 

Table 1. Final atomic coordinates for C u K 4 ( P 3 0 9 ) 2 . -  

4H20 and Beq for non-hydrogen atoms, Bls o for 

C u  
K(1) 
K(2) 
p(1) 
P(2) 
P(3) 
O(E11) 
o(212) 
O(L12) 
O(E21) 
O(222) 
O(231) 
O(232) 
O(L23) 
O(L13) 
O(Wl) 
O(m2) 
H(WI I) 
H(I, V12) 
H(W21) 
H(W22) 

hydrogen atoms with e.s.d.'s in parentheses 

Bo~ = ~ E, E:,. a:,r 

General-position coordinates + (x,y,z ) + ( ~ + x, ~ -y , z  ). 

x y z /Lq/B,so(A 2) 
0 0 ½ 1.19 (1) 

0.67548 (8) 0.40312 (5) 0.94663 (9) 1.81 (1) 
0.50340 (9) 0.21887 (6) 0.33325 (9) 2.42 (2) 
0.75728 (9) 0.16541 (5) 0.00048 (9) 1.19 (1) 
0.80958 (8) 0.17353 (5) 0.67164 (8) 1.10 (1) 
0.56549 (8) 0.05025 (5) 0.76721 (9) 1.32 (1) 
0.7063 (3) 0.2359 (2) 0.1106 (3) 1.99 (5) 
0.8880 (3) O. 1012 (2) 0.0587 (3) 2.08 (5) 
0.7962 (2) 0.2197 (1) 0.8435 (2) 1.39 (4) 
0.9439 (3) 0.1072 (2) 0.6879 (3) 1.77 (5) 
0.7986 (3) 0.2485 (2) 0.5520 (3) 1.76 (5) 
0.3924 (3) 0.0555 (2) 0.7295 (3) 2.39 (6) 
0.6438 (4) 0.9576 (2) 0.7734 (3) 2.14 (5) 
0.6442 (2) 0.1171 (2) 0.6459 (2) 1.50 (5) 
0.6068 (3) 0.1040 (2) 0.9326 (3) 1.97 (5) 
0.6489 (3) 0.4053 (2) 0.4243 (3) 1.69 (5) 
0.8339 (3) 0.0575 (2) 0.3557 (3) 1.64 (5) 
0.702 (5) 0.426 (3) 0.361 (5) 3.3 (10) 
0.691 (5) 0.371 (3) 0.486 (5) 3.1 (10) 
0.856 (5) 0.074 (3) 0.279 (5) 2.1 (8) 
0.753 (5) 0.022 (3) 0.332 (5) 3.3 (10) 

c I 

11 

8 

0(Ell) 

Fig. 1. Projection along the b axis of  the atomic arrangement of  
CuK4(P309)2.4H20. H atoms have been omitted. 

Table 2. Main interatomic distances (It) and bond 
angles (o) in the atomic arrangement of  

CuK4(P309)2.4H20 
P309 ring anion 
P(l) O(EI 1) O(/712) O(L 12) O(L 13) 
O(EI 1) 1.473 (2). 2.539 (3) 2.484 (3) 2.503 (3) 
O(E12) 118.4 (1) 1-483 (2) 2.549 (3) 2.508 (3) 
O(/.12) 107.3 (1) 1 ! 1.0 (1) 1.,609 (2) 2.487 (3) 
O(LI3) 108-8 (1) 108.6 (1) 101.4 (1) 1-605 (2) 

P(2) O(E21) O(E22) O(L 12) 0(/..23) 
O(221) ~ 2.573 (3) 2-508 (3) 2.539 (3) 
O(E22) 121.3 (1) 1.472 (2) 2.510 (3) 2-476 (3) 
O(LI2) 108.1 (1) 108.6 (I) 1.617 (2) 2.480 (3) 
O(L23) 110.1 (1) 106.5 (1) ~ 1-616 (2) 

P(3) O(231) O(E32) O(L23) O(L 13) 
O(231) ~ 2.548 (3) 2.493 (3) 2-463 (3) 
O(E32) 119.2 (1) 1.481 (2) 2.525 (3) 2.531 (3) 
O(L23) 108. l (12) 109.7 (l) 1-606 42) 2.496 (3) 
O(L13) 106.3 (l) 110.2 (1) 102. l (I) 1.604 42) 

P(I)-P(2) 2.878 (l) P(I)--O(LI2)-P(2) 126.3 (l) P(I)-P(2)-P(3) 60.75 (2) 
P(I)-P(3) 2.926 (1) P(2)-O(L23)--P(3) 129.1 (l) P(2)-P(3)-P(1) 59.09 (2) 
P(2)-P(3) 2.9093 (9) P(I)-O(LI3)--P(3) 131.6 (1) P(3)-P(l)-P(2) 60.16 (2) 

CuO6 oetahedron 
2x Cu-O(E21) 2.300 (2) 
2xCu-O(HZl) 2.010 (2) 
2x Cu-O(W2) 1.945 (2) 
O(E21)-Cu-O(W1) 92.26 (9) and 87.74 (9) 
O(E21)-Cu-O(W2) 92.21 (8) and 87.79 (8) 
O(W1)-Cu-O(W2) 92.7 (1) and 87.3 (1) 
O(E2 l)--O(HZl) 3.114 (3)and 2.994 (3) 
O(221)--O(/4"2) 3.069 (3) and 2.954 (3) 
O(W1)--O(W2) 2.861 (3) and 2.730 (3) 

KO. polyhedra 
K(1)-O(El l) 2.765 (2) K(1)--O(E21) 
K(I)-O(E12) 2.883 (2) K(I)-O(E3 l) 
K(1)-O(E12) 2.724 (2) K(1)--O(E32) 
K(I)-O(LI2) 2.984 (2) K(I)--O(W2) 
K(2)--O(E11) 2.711 (2) K(2)--O(232) 
K(2)-O(EI I) 3.050 (2) K(2)-O(L23) 
K(2)-O(222) 2.979 (2) K(2)--O(WI) 
K(2)--O(222) 2.727 (2) 

O(WI)-H(WI 1)..-O(232) 

O(WI)-H(WI2)...O(E22) 

O(W2)-H(W21)..-O(E12) 

O(W2)-H(W22)...O(E31) 

o(w)- 

2.784 (2) 
2.815 (2) 
2.791 (2) 
3.379 (2) 
2.916(2) 
3.142 (2) 
3.0(0, (2) 

H ~ O -  
O(W)--H H...O O(14")--O H...O (W)--H 

0.80 (5) 1.89 (5) 2.675 (3) 169 (5) 
116 (4) 

0.78 (5) 2.02 (5) 2-741 (3) 154 (4) 

0.74 (4) 1.96 (4) 2.686 (3) 169 (5) 
105 (4) 

0.86 (5) 1.70 (5) 2.555 (3) 173 (5) 

symmetrical CuO6 octahedron is built up by two 
oxygen atoms and four water molecules. Potassium 
atoms K(1) and K(2) have respectively eight and seven 
neighbours within a range of 3.5 A. Details of the 
various associated-cation polyhedra are reported in 
Table 2. Bond lengths and angles for the ring anion, 
P 3 0 9 ,  also reported in Table 2, correspond to a 
geometry not significantly different from that common- 
ly observed in this type of anion when no internal 
symmetry is present. 

The ammonium salt (NH4)4Cu(P3Og)2.4H20 is iso- 
typic with the title compound. Its unit-cell dimensions 
are: a = 8.79 (1), b = 14.65 (2), c = 8.60 (1)/~,, # = 
96.66 (8) °. The chemical preparation is identical to 
that of the potassium salt. 
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Abstract. MnT[PO3(OH)]4(PO4)2, Mr=958"43,  tri- 
clinic, Pi ,  a = 6.608 (9), b = 8.078 (6), c = 
9.792(15)A,  a = 67. 76 (12), f l=69 .80(11) ,  2,= 
78.59(10) ° , V = 4 5 3 ( 1 ) A  3, Din=3"50(1), Ox= 
3 .515Mgm -3, Z = I ,  MoKt~, 2 = 0 . 7 1 0 6 9 A ,  / t=  
5 .192mm -~, F(000)=461,  room temperature, R =  
0-043 for 1350 reflections. The new phase Mn 7- 
IPO3(OH)I4(PO4)2 has been studied by single-crystal 
X-ray structure analysis with an automatic diffrac- 
tometer. The structure contains [MnO61, [MnO4(OH)~I 
and IMnOsI polyhedra linked together by [PO~(OH)] 
or [PO41 tetrahedra to build a three-dimensional 
structure. One of the essential features of this structure 
is that it contains hydroxyl groups shared between Mn 
and P atoms. 

Introduction. De nombreux travaux ont 6t~ consacr6s ~, 
I'~tude chimique et structurale des phosphates de 
mangan6se(II). Darts un m6moire r6cent consacr6 au 
syst~me ternaire MnO.P2Os.H20 (Cudennec, Riou & 
Gerault, 1986), nous avons rappel6 les diff~rents 
travaux antbrieurs et d~crit une mbthode de prbparation 
d'un hydrog6nophosphate-phosphate de mangan6se(II) 
de formule Mns[PO3(OH)]2(PO4)2(H20) 4 qui ~tait 
pr6c6demment connu comme un min6ral naturel: la 
hureaulite. Dans le m~me m6moire, nous avons 
~galement d6crit la preparation par synth/~se hydro- 
thermale d'une autre hydrog~nophosphate-phosphate 
de formule Mn7[PO3(OH)]4(PO4) 2 qui, fi notre con- 
naissance, n'avait jamais ete signale dans la litt~rature 
chimique. Ce compos6 de sto~chiom~trie originale ne 
poss6de aucun 6quivalent connu dans le cas d'autres 
blbments divalents; il nous a donc paru int~ressant de 
dbterminer la structure compl&e de ce compos~. Ce 
travail fait l'objet du present m6moire. 
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Pattie exp6rimentale. Cristaux de Mn7[PO3(OH)] 4- 
(PO4) 2 obtenus fi partir d'un m61ange de carbonate de 
mangan6se commercial, d'acide phosphorique et d'eau 
selon le rapport pond6ral 1/2/3,5. Apr~s m~lange 
dioxyde de carbone ~liminb h 353 K pendant 12 h. 
M61ange obtenu plac6 en tube scell~ fi 433 K pendant 
30 jours. Les cristaux se pr6sentent sous forme de 
plaquettes parall~l~pip~diques roses. Etudes pr~- 
liminaires men6es sur chambres photographiques de 
Weissenberg et de pr6cession. Param~tres de la maille 
cristalline affin6s par moindres carrbs ~ partir de 25 
r6flexions, correspondant ~ des valeurs de 0 comprises 
entre 5 et 15 o, et optimis6s sur diffractom&re automati- 
que. Masse volumique exp6rimentale mesur6e grace ~t la 
m~thode de la pouss~e d'Archim~de. Enregistrement 
des intensit6s diffract6es sur un diffractom&re auto- 
matique (Enraf-Nonius); monochromateur: lame de 
graphite; distance cristal--d6tecteur: 173 mm; 1 < 0 <  
25°; balayage co-20; amplitude de balayage: (1,00 + 
0,35 tg 0)°; ouverture: (2,00 + 0,45 tg 0)% 2304 r6flex- 
ions ind6pendantes mesur6es, corrig~es du facteur de 
Lorentz-polarisation mais pas de correction d'ab- 
sorption; dimensions du cristal: 275 x 150 x 75 ~tm; 
pas de variations significatives des trois r6flexions 
standards: 23i, 127. et 232. h: - 7  fi 7; k: - 9  fi 9; l: 0 fi 
11. 1350 r+flexions avec I > or(I) conserv+es pour la 
r+solution de la structure. Structure r+solue par la 
m&hode de l'atome lourd: positions des atomes de 
manganese d~termin6es par d~convolution de la fonc- 
tion de Patterson tridimensionnelle. Positonnement 
des atomes de phosphore puis d'oxyg~ne appartenant 
aux groupements phosphates ou hydrog6nophosphates 
fi l'aide des cartes de densit6 6lectroniques tridimension- 
nelles. Affinement de la structure par une m&hode de 
moindres carr+s fi matrice totale en minimisant la 
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