
N. H. W. SIEBER, E. T I L L M A N N S  A N D  W. H O F M E I S T E R  1857 

Computing time was provided by the University 
Computer Centres at W/irzburg and Mainz; crystals of 
hentschelite were supplied by Mr K. Petitjean. 

References 
BAUR, W. H. & WENNINGER, G. (1969). SADIAN69. Univ. of 

Illinois at Chicago, USA. 
FISCHER, R. X. (1985). J. Appl. Cryst. 18, 258-262. 
International Tables for X-ray Crystallography (1974). Vol. IV. 

Birmingham: Kynoch Press. (Present distributor D. Reidel, 
Dordrecht.) 

LINDBERG, M. L. & CHRIST, C. L. (1959). Acta Cryst. 12, 
695-697. 

PAUUNG, L. (1960). The Nature of the Chemical Bond and the 
Structure of Molecules and Crystals. Ithaca: Cornell Univ. Press. 

SHELDRICK, G. M. (1976). SHELX76. Program for crystal 
structure determination. Univ. of Cambridge, England. 

SIEBER, N. H. W., TILLMANNS, E. & MEDENBACH, O. (1987). Am. 
Mineral. 72, 404-408. 

STOUT, G. H. t~. JENSEN, L. H. (1968). X-ray Structure Deter- 
mination, p. 456. New York: Macmillan. 

ZACHARIASEN, W. H, (1963). Acta Cryst. 16, 1139-I 144. 
ZEMANN, J. (1972). Copper. Crystal Chemistry. Handbook of 

Geochemistry. Vol. II, edited by K. H. WEDEPOHL. Berlin: 
Springer Verlag. 

Acta Cryst. (1987). C43, 1857-1859 

Tetrachlorophosphonium(V)  Tetrachloroaurate(I l l )  

BY CR/STINA FREIRE ERDBRUGGER, PETER G. JONES,* RALF SCHELBACH, EINHARD SCHWARZMANN 
AND GEORGE M. SHELDRICK 

Institut f i ir  anorganische Chemic der Universitdt, Tammannstrasse 4, 3400 G6ttingen, Federal Republic o f  
Germany 

(Received 14 April 1987, accepted 19 May 1987) 

Abstract. [PCI4][AuCI4], M r =  511.6, orthorhombic, 
Imma, a = 15.734 (5), b = 12.433 (4), c = 
11.646 (3)/k, V = 2 2 7 8 / ~ ,  Z = 8, D x = 2.98 Mg m -3, 
2(Mo Kct) = 0.71069 A, g(Mo K(~) = 14.9 mm -~, 
F(000) = 1840, T = 293 K, R = 0.045, wR = 0.047 
for 1325 unique observed reflections IF > 4e(F)l .  The 
structure consists of isolated PCI4 + and AuCI~- ions with 
crystallographic symmetry 2 and mm2 respectively; 
there are two independent anions. The cations and 
anions form independent layers near x = 0 . 2 5 ,  0.75 
and 0, 0.5 respectively. [PCI4][AuCI 4] is isostructural 
with [PC!4][IC14]~ The independent bond lengths are 
P - C I  1.924 (2), 1.930 (2), Au-C1  2.274 (3), 
2.273 (3), 2.270 (3), 2.277 (5) and 2.293 (4) A. 

Introduction. Continuing our study of the salts MCIx+. - 
AuCI~, we here present the structure of PCI+.AuCI~. 
Yellow prisms and octahedra were obtained by a slight 
modification of the method of Lindet (1887), coated 
with an inert oil and mounted in glass capillaries. The 
compound is extremely moisture-sensitive. 

Experimental. A yellow prism 0.35 x 0.27 × 0.27 mm 
was used to measure 3205 profile-fitted intensities 
(Clegg, 1981) on a Stoe-Siemens four-circle diffrac- 
tometer with monochromated Mo K(~ radiation (20mR x 
60 °, octants +h + k + l and - h  - k - / ) .  Three check 
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reflections showed no significant intensity change. An 
empirical absorption based on ~, scans was applied; 
transmission factors 0 .27-0 .54 .  Of 1790 unique 
reflections (Ri, t 0.027), 1325 with F > 4a(F)were  used 
for all calculations with S H E L X 7 6  (Sheldrick, 1976). 
The index ranges after merging were: h 0--*22, k 0--,17, 
10-,16. Cell constants were refined from 20 values of 
59 reflections in the range 20-23 o. 

The structure was solved by the heavy-atom method 
and refined anisotropicaUy on F (full matrix) to 
R - - 0 . 0 4 5 ,  wR = 0.047. The weighting scheme was 
w - l =  o'2(Fo)+ 0-0003Fo 2. An extinction correction of 
the form Fcorr=Fc/[1 + xF2/sinOl °'25 was employed, 
where x refined to 6.4 (2) ×10 -7. 59 parameters, 
S = 1.7, max. A / e  0.006, max. features in final Ap map 
2 e A -3 (close to Au2). Atomic scattering factors those 
of S H E L X 7 6 .  

Discussion. Final atomic coordinates are given in Table 
1,'[" with derived bond lengths and angles in Table 2. 
The structure consists of independent PCI + and AuC17 
ions. The cations are tetrahedral, although the crystal- 
lographic symmetry is only 2 (the P atom lies on the 

~" Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 44065 (8 pp.). 
Copies may be o0tained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 

© 1987 International Union of Crystallography 
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twofold axis x, O. 5, 0). The two independent anions are 
square planar (crystallographic symmetry mm2, Au 
atoms at 0, 0.25, z). The z coordinates of the Au atoms 
differ by about 0.5, which causes reflections with l odd 
to be weak. The C1 atoms bonded to P occupy general 
positions, but all chlorines bonded to Au are special: 
CI(11) and C1(21) on mirror planes at x, 0.25, z, C1(12) 
on the mirror plane 0, y, z and C1(22) and C1(23) on 0, 
0.25, z (symmetry mm2). Fig. 1 shows the three 
independent ions. 

The P-C1 bond lengths are 1.924(2) and 
1-930 (2) /~, but a rigid-body libration correction 
(Schomaker & Trueblood, 1968) increases these to 
1.944, 1.950 A (R~ b = 0.016). Kistenmacher & Stucky 
(1971) reported an average corrected P--CI bond length 
(12 independent bonds) for PCI~ of 1.944/~, and 

Table 1. Atomic coordinates ( x l 0  a) and equivalent 
isotropic displacement parameters (/~2 × 103) 

Equivalent isotropic U is defined as one third of the trace 
orthogonalized U o tensor. 

of the 

x y z Ueq 
Au(1) 0 2500 3169 (1) 34 (I) 
Au(2) 0 2500 8288 (1) 35 (1) 
CI(I 1) 1445 (2) 2500 3171 (2) 53 (1) 
C1(12) 0 672 (3) 3149 (3) 74 (1) 
C1(21) 1443 (2) 2500 8279 (2) 58(1) 
C1(22) 0 2500 .6319 (3) 49 (1) 
C1(23) 0 2500 10243 (4) 86 (2) 
P 2519 (2) 5000 0 36 (1) 
CI(1) 3233 (1) 5969 (2) 854 (2) 60 (1) 
C1(2) 1804 (1) 4208 (2) 1048 (2) 66 (1) 

Table 2. Bond lengths (A, uncorrected) and angles (o) 

Au(I)-CI(I 1) 2.274 (3) Au(l)-Cl(12) 2.273 (3) 
Au(2)-Cl(21) 2.270 (3) Au(2)-Cl(22) 2.293 (4) 
Au(2)-Cl(23) 2.277 (5) P-CI(1) 1.924 (2) 
P-CI(2) 1.930 (2) 

Shamir, Schneider, Bino & Cohen (1986) report 1.943, 
1-955 A in PCI+.IC12 (see below). The AuCI~- ion 
cannot be subjected to a rigid-body correction because 
of its square-planar geometry; the five independent 
uncorrected Au-C1 bond lengths are normal for the 
AuC14 ion (Jones, 1981), although Au(2)-C1(22) is 
rather long at 2.293 (4) A. 

The packing diagram (Fig. 2a) shows that the cations 
form layers at x = 0.25 and 0-75 and the anions form 
layers at x - - 0  and 0.5. Within the anion layers there 
are short axial C1...Au contacts: Au(1)...CI(22) 
3.67 (1), Au(1)...Cl(23) (at x, y , - 1  +z)  3.41 (1)A 
(Fig. 2b). Such axial contacts are often observed in 
square-planar Au ~II complexes (Jones, 1981). The C1 
atoms involved in these secondary interactions display 
the longest A u - C I  bonds, although it is not clear why 
Au(2)-C1(23) should be so long. 

After we had determined the structure, our at-tendon 
was drawn to the recent structure determination of 
PCI+.IC1z (Shamir et al., 1986). The two compounds 
are isostructural. 

CK12)-Au(1)-C)(11) 90.0 
Cl(11)-Au(l)-Cl(119 179-9 (2) 
Cl(12)--Au(1)-Cl(12 u) 178.8 (2) 
Cl(22)-Au(2)-Cl(21) 89.7 (2) 
C1(23)-Au(2)-C1(21) 90.3 (2) 
C1(23)--Au(2)--C1(229 180.0 

C1(21)-Au(2)-C1(219 179.5 (2) 
CI(2)--P-CI(1) 109.4 (2) 
Cl(1)-P-Cl(1 "r) 108.6 (3) 
Cl(2)-P-Cl(2~19 108.7 (3) 
CI(1)-P-CI(2~9 110.3 (2) 

Symmetry operators; (i) - x ,  y, z; (ii)x, 0 . 5 - y ,  z; Oii) x, 1 - y ,  - z .  

C1(121 ( ~ ~ ~  

A~~2) CIt221 

Fig. 1. Thermal-ellipsoid plot (50% level) of the three independent 
ions, showing the numbering scheme of the asymmetric unit. 

(a) 

.......... x .......... + ........... x 
(b) 

Fig. 2. (a) Packing diagram of the title compound. Atom key: open 
circles CI, shaded circles Au, hatched circles P. (b) Part of the 
layer of AuCI~ ions at x = 0. The weak axial contacts are 
indicated by dotted lines. 
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Structure Cristalline d'un Nouveau Compos6 Isotype de la M61ilite, Ca2La2Ga6S14 
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Abstract. M r =  1225.196, tetragonal, PT~21m, a =  
9.542 (3), c = 6.192 (2) A, V =  563-8 (5) A ~, Z = 1, 
Dm(293 K) = 3.55, D x = 3.61 Mg m -3, 2(Mo Kt~) = 
0.7107 A, g = 12.85 mm -~, F(000) = 564, T =  295 K, 
R = 0.064, wR = 0.056 for 584 observed reflections. 
This compound has the same structure as La3.33- 
Ga602S~2 with the Ca and La atoms on the partially 
occupied La site. 

Introduction. Des compos~s oxyg~n6s de composition 
M2R2A16OI4 et M2R2Ga6O14 (avec M =  Ca, Sr, Ba et 
R = terres rares l~g6res et ~ventuellement Y) ont &6 
pr6par6s par divers auteurs (Toropov & Ismatov, 1970; 
Ismatov, Kolesova & Pirjutko, 1970; Ismatov, 1970). 
D'apr~s leurs diagrammes de poudre ces compos~s 
auraient une structure de type m~lilite. Ce min6ral, de 
composition (Ca,Na)a(Mg,A1,Si)6Ol4, est quadratique, 
de groupe spatial PT~21m, Z =  1. La formule cristal- 
lographique est A4B2C4XI4. Les sites B et C sont au 
centre de t&ra6dres BX 4 et CX 4, formant des feuiUets 
plans parall61es de composition (BCzXT)n. Les atomes 
A sont disposes entre deux feuillets contigus, ~, 
l'int6rieur d'antiprismes h base carrie assez d6form6s, 
et ont donc la coordinence huit (Smith, 1959). 

Au cours de l'&ude des syst6mes de sulfures 
correspondants, des compos~s de formules g6n~rales 
M2R2AI6SI4 et M2R2Ga6SI4 ont 6t~ isol~s ( M =  Eu I~, 
Ca, Sr et R = La ~ Nd) et leurs diagrammes de poudre 
ont 6t6 interpr&6s darts le m6me type structural 
(Loireau-Lozac'h, Guittard & Flahaut, 1972, 1973). 
Par ailleurs des compos~s lacunaires, ne contenant plus 
de cations divalents, et de formule R10/aGa6S~4 (R = L a  
et Ce), ont 6t~ d6crits au cours de l'&ude des syst~mes 
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R2Sa-Ga2S 3 (Loireau-Lozac'h, Guittard & Flahaut, 
1973). 

Or, l'&ude structurale effectu6e sur l'un de ces 
derniers compos~s, montrait que de l'oxyg6ne ~tait 
present dans le r6seau et conduisait ~t la composition 
Lal0/3Ga6OESl2 (Mazurier, Guittard & Jaulmes, 1982). 
On pouvait alors se demander si les compos~s d6crits 
sous les formules M2REA16S~4 et MEREGa6S~4 &aient de 
v6ritables sulfures, ou des oxysulfures prepares acciden- 
tellement et contenant deux atomes d'oxyg~ne par 
maille. Pour r6pondre ~ cette question, la r6solution de 
la structure cristalline d'un compos~ suppos~ ~tre 
Ca2La2Ga6S~4 a 6t6 entreprise. 

Les cristaux ont 6t~ obtenus par la m&hode suivante. 
Dans une premiere operation, un m~lange de sulfures 
2 CaS + La2S 3 ou des mati6res premi6res 2 CaCO 3 + 
La20 3 a ~t~ chauff~ dans un courant de sulfure 
d'hydrog~ne fi 1573 K puis vers 1173 K. Dans une 
seconde op6ration, le m~lange pr6c6demment obtenu, 
additionn6 de la proportion voulue de Ga2S 3, a &~ 
fondu vers 1373 K, dans une ampoule de silice scell6e 
sous vide, et refroidi lentement. 

Partie exp6rimentale. Le cristal utilis~ pour cette ~tude 
est un petit parall~l~pip~de jaune clair, de dimensions 
130 × 250 × 200~tm dont une ar~te pr~sente une 
troncature. La densit~ a &~ mesur~e par pycnom~trie. 

15 r~flexions ont ~t~ utilis~es pour affiner les 
param&res de la maille (leurs angles 0 variant de 5,8 
12,9°). 

Les intensit~s de 642 r~flexions ind~pendantes ont &~ 
mesur~es jusqu'~t l'angle 20 = 65 ° (14 _> h >_ O, 10 _> 
k _> O, 9 >_ l __0) sur un diffractom&re automatique 
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