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Abstract 
Chlorapatite (pentacalcium triarsenate chloride), Cas- 
(AsO4)3C1 crystallizes in the hexagonal  system and is 
closely related to its phosphate analogs, Ca5(PO4)3X (X 
= Cl, OH), but has a sl ightly modified structure in terms 
of anion sites. 

Comment 
The structure and chemistry of the apatites have been 
widely studied for many  years due to their versatil i ty in 
applications (Prener, 1967, Kreidler & Hummel ,  1970; 
Elliott, 1994). The apatite structure [general formula 
As(BO4)3X, where A is a 2+ cation, B = E As, V, Si 
or S, and X = E C1, Br, OH or CO3] is adopted by a 
wide range of compounds.  

The title compound adopts virtually the same struc- 
tural f ramework as both Cas(PO4)3CI (Mackie,  Elliott & 
Young, 1972) and Cas(POa)3OH (Kay, Young & Posner, 
1964), with a slight variation due to the ordering of 
anions. The C1 atoms, which are disordered and have 
half  occupancy, are located at (0,0,0.1263) and are sym- 
metrical with respect to the mirror planes at z = ¼ and 

.3 z = ~. No single-crystal  study of  Cas(AsO4)3C1 has been 
reported previously. 

/ 
a 

Fig. 1. Projection onto the (001) plane of the structure of 
Cas(AsO4)3CI showing the connectivity of the CalO9, Ca2OsCl 
and AsO 4 coordination geometries. Open circles represent O atoms. 
The Ca2--CI bonds in Ca2OsCl and the long Cal--O bonds of 
the tricapped trigonal prism (viewed down its vertical axis) are 
drawn in thick and thin dotted lines, respectively. The atoms which 
were refined anisotropically are shown with ellipsoids at the 90% 
probability level. 

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

Crystals of the title compound were grown via an eutectic flux 
of 31% CaCI2 and 69% NaCI (m.p. 773 K) from a reaction 
mixture of As2Os, CuO and Cu20 (nominal composition 
As2Cu4Os) in a fused-silica ampoule. The reactants were 
heated at 973 K for 6 d before being slowly cooled to room 
temperature. Apatite crystals were isolated by washing the 
reaction product with deionized water using suction filtration. 

Crystal data 

Cas(AsO4)3C1 Mo Ka radiation 
Mr "- 652.61 A = 0.71069 ~, 
Hexagonal Cell parameters from 25 
P63 / m reflections 
a = 10.076 (1).~ 0 = 10-24 ° 
c = 6.807 (1) ,~ p = 10.753 mm -j  
V = 598.4 (2) ,~3 T = 296 (2) K 
Z = 2 Chunk 
Dx -- 3.621 Mg m -3 0.3 x 0.2 x 0.2 mm 
Dm not measured Colorless 

Data collection 

Rigaku AFC-5S four-circle 
diffractometer 

oJ s c a n s  

1142 measured reflections 
496 independent reflections 
R i m  = 0.0193 
0max = 27.49 ° 

Refinement 

Refinement on F 2 
R(F) = 0.0207 
wR(F 2) = 0.0503 

h = - 1 1  ~ 11 
k = - I 1  --~ 11 
l =  - 8 - - ,  8 
3 standard reflections 

monitored every 150 
reflections 

intensity decay: none 

Extinction correction: 
SHELXL93 (Sheldrick, 
1993) 
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2960 Ca5(AsO4)3CI 

S= 1.169 
496 reflections 
41 parameters 
w = 1/[tr2(F 2) + (0.0181P) 2 

+ 0.3376P] 
where P = (Fo 2 + 2F2)/3 

(z~/O')max < 0.001 
Apmax = 0 .885 e ~ - 3  

Apmin = -0.627 e ,~.-3 

Extinction coefficient: 
0.0141 (10) 

Atomic scattering factors 
from International Tables 
for Crystallography ( 1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) 

Ueq = (1/3)~-,i~jUqa~ af ai.aj. 

x Y z Ueq 
Asl 0.40949 (5) 0.03079 (5) 1/4 0.0068 (2) 
Cal 1/3 2/3 0.0050 (2) 0.0111 (2) 
Ca2 0.26988 (10) 0.24976 (10) 1/4 0.0105 (2) 
Cllt  0 0 0.1263 (5) 0.0218 (6) 
Ol 0.1559 (4) 0.5081 (4) 0.2500 0.0144 (7) 
02 0.5347 (4) 0.3966 (3) 0.2500 0.0116 (6) 
03 0.3511 (3) 0.0892 (3) 0.0535 (4) 0.0174 (5) 

t Site occupancy = 0.5. 

Table 2. Selected geometric parameters (A, o) 
Asl----OI i 1.669 (3) Cal--O3 ~i 2.915 (2) 
Asl----O3 ii 1.681 (2) CaI--4)3 TM 2.915 (2) 
Asl---O3 1.681 (2) Cal--O3"" 2.915 (2) 
A s I - - O 2  iii 1.696 (3) Ca2---O2 2.316 (3) 
CaI--OI iv 2.382 (2) Ca2--O3 ix 2.324 (2) 
Cal--OI 2.382 (2) Ca2---O3 TM 2.324 (2) 
Cal--Ol ~ 2.382 (2) Ca2---O3 2.530 (2) 
Cal---O2 vi 2.456 (2) Ca2--O3 'i 2.530 (2) 
CaI--O2 TM 2.456 (2) Ca2--CI 1 2.7557 (14) 
Cal--O2 viii 2.456 (2) Ca2---CI I ji 2.7557 (14) 

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

The intensities were corrected for the anisotropic part of the 
absorption using a ~b scan, however, for logistical reasons, it 
was impossible to apply the spherical absorption correction 
subsequently requested by the editor. 

Data collection: TEXSAN (Molecular Structure Corpo- 
ration, 1989). Cell refinement: TEXSAN. Data reduction: 
TEXSAN. Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1990). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: SHELXTL- 
Plus (Sheldrick, 1991). Software used to prepare material for 
publication: Microsoft WORD5.1 a. 

Financial support for this research (DMR-9208529) 
and the single-crystal X-ray diffractometer from the 
National Science Foundation is gratefully acknowl- 
edged. 

Lists of  structure factors, anisotropic displacement parameters and 
complete geometry have been deposited with the IUCr (Reference: 
BRII I6 ) .  Copies may be obtained through The Managing Editor, 
International Union of  Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 

The title compound, dilithium trinickel bis(diphosphate), 
is composed of [ P 2 0 7 ]  layers parallel to the crystallo- 
graphic plane (001), separated by chains of [NiO6] oc- 
tahedra. The coordination polyhedra of the Li ÷ ions link 
the [P207] groups and the [NiO6] octahedra, and so en- 
sure the cohesion of the structure. 

Comment 

Work on mixed pyrophosphates ABP207 has shown that 
the structural type of these compounds depends upon 
the size of the A and B cations and the conformation 
of the [P207] groups. With two cations of different 
size, particularly an alkaline earth cation and a transition 
metal cation, mixed pyrophosphates crystallize in one of 
three types of structure: cage (Riou, Labbe & Goreaud, 
1988b), sheet (Riou, Labbe & Goreaud, 1988a; Moqine, 
Boukhari & Holt, 1991; Alaoui E1 Belghiti, Boukhari 
& Holt, 1991; Riou, Leligny, Pham, Labbe & Raveau, 
1991) or tunnel (Riou & Goreaud, 1990; Murashova, 
Velikodnyi & Trunov, 1991; Riou & Raveau, 1991). 
When two different 3d transition elements are present, 
the structure is composed of a succession of metal 
planes separated by layers of [ P 2 0 7 ]  groups. The 
conformation of the P 2 0 7  groups is staggered and the 
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