
1580 [ N a ( C l 0 H 2 0 0 5  )]2 [Na(C10H2oOs)(H20)]2 [Cu214] [Cu416] 

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

Ueq = (1/3)~~,~-~jUija i aj a,.aj. 

x y z Ueq 
I1 0.3005 (1) 0.7313 (1) 0.0456 (2) 0.050 (1) 
12 0.5668 (1) 0.7759 (1) 0.3699 (2) 0.054 (1) 
13 0.4424 (1) 0.6581 (1) 0.4338 (2) 0.062 (1) 
14 0.1389 (1) 0.4202 (1) 0.2899 (2) 0.080 (1) 
I5 0.0553 (1) 0.5482 (1) 0.3552 (2) 0.084 (1) 
Cul 0.4753 (2) 0.7733 (1) 0.0948 (4) 0.095 (1) 
Cu2 0.3996 (2) 0.7311 (1) 0.3167 (3) 0.081 (1) 
Cu3 0.0496 (2) 0.4728 (1) 0.4241 (4) 0.078 (1) 
Nal 0.0670 (5) 0.3534 (2) 0.5288 (10) 0.062 (2) 
Oll 0.1873 (9) 0.3045 (5) 0.4837 (17) 0.068 (4) 
O12 0.1988 (9) 0.3497 (4) 0.7444 (17) 0.062 (4) 
O13 0.0158 (9) 0.3326 (5) 0.7858 (17) 0.066 (4) 
O14 -0.1054 (8) 0.3446 (4) 0.5125 (18) 0.061 (4) 
O15 0.0088 (10) 0.3080 (5) 0.3055 (17) 0.075 (4) 
C10 0.2735 (13) 0.3228 (7) 0.5289 (28) 0.072 (7) 
Cll 0.2785 (15) 0.3286 (7) 0.6991 (24) 0.074 (7) 
C12 0.1773 (15) 0.3420 (8) 0.8952 (27) 0.077 (7) 
C13 0.0733 (14) 0.3553 (7) 0.9056 (25) 0.070 (7) 
C14 -0.0844 (12) 0.3385 (7) 0.7877 (27) 0.069 (6) 
C15 -0.1350 (14) 0.3210 (7) 0.6404 (28) 0.069 (7) 
C16 -0.1411 (14) 0.3313 (8) 0.3600 (30) 0.082 (8) 
C17 -0.0817 (13) 0.2947 (7) 0.3001 (26) 0.069 (7) 
C18 0.0794 (14) 0.2783 (7) 0.2681 (30) 0.075 (7) 
C19 0.1758 (14) 0.2942 (8) 0.3092 (25) 0.072 (7) 
Na2 0.3481 (6) 0.5424 (3) 0.7462 (10) 0.072 (2) 
O21 0.2072 (15) 0.5076 (7) 0.8119 (24) 0.108 (6) 
022 0.2550 (22) 0.5826 (8) 0.9020 (32) 0.155 (10) 
023 0.4495 (12) 0.5851 (7) 0.9163 (23) 0.108 (6) 
024 0.5151 (15) 0.5293 (8) 0.7248 (25) 0.121 (8) 
025 0.3762 (15) 0.4707 (6) 0.7778 (26) 0.112 (6) 
O31 0.2999 (11) 0.5693 (7) 0.5004 (21) 0.115 (7) 
C20 0.1500 (31) 0.5250 (18) 0.9003 (69) 0.223 (27) 
C21 0.1693 (26) 0.5643 (17) 0.9442 (62) 0.222 (30) 
C22 0.3013 (26) 0.6043 (12) 1.0127 (40) 0.128 (13) 
C23 0.4034 (29) 0.6189 (8) 0.9566 (34) 0.135 (15) 
C24 0.5337 (21) 0.5931 (11) 0.8510 (42) 0.126 (13) 
C25 0.5802 (24) 0.5514 (17) 0.8106 (48) 0.190 (24) 
C26 0.5373 (25) 0.4878 (11) 0.7388 (43) 0.131 (12) 
C27 0.4634 (28) 0.4641 (10) 0.6853 (45) 0.140 (14) 
C28 0.2962 (32) 0.4507 (12) 0.7405 (55) 0.206 (24) 
C29 0.2165 (22) 0.4656 (12) 0.8151 (55) 0.165 (18) 

Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
CRl125). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. 
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Table 2. Selected geometric parameters (~) 
I1----~u2 2.545 (3) I4----Cu3 2.484 (3) 
I1---Cu2 i 2.787 (3) 14. • .Nal 3.220 (8) 
I1---Cul 2.811 (3) I5---Cu3 2.557 (4) 
I2--Cul 2.530 (3) I5----Cu3 tu 2.587 (3) 
12---Cu2 2.771 (3) Cul. • .Cu2 i 2.472 (4) 
12---Cul ~ 2.897 (4) Cul. • .Cu2 2.643 (4) 
I3---Cu2 2.649 (4) Cu3. • .Cu3 ~i 2.678 (6) 
I3----Cu 1 ~ 2.655 (4) 

Symmetry codes: (i) x, ~ - y ,  z -  ½; (ii) x, ~ - y ,  ½+z; (iii) - x ,  1 - y ,  1 - z .  

Data collection, cell ref inement  and data reduction: Siemens 
XSCANS. Program(s)  used to solve structure: SHELXS86 
(Sheldrick, 1990). Program(s)  used to refine struc- 
ture: SHELXL93 (Sheldrick, 1993). Molecular  graphics: 
SHELXS86. Software  used to prepare material  for publication: 
SHELXL93. Extinct ion effects were  observed to be negligble. 
Absorpt ion coefficients were  taken f rom International Tables 
for  Crystallography (1992, Vol. C, Table 4.2.4.2). 
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Abstract 
The title complex, ( C I s H I I S 2 ) [ A u I 2 ] ,  consists of a 
3,5-diphenyldithiolium cation and a diiodoauride 
anion. The Au I center is linearly coordinated by two 
I atoms. 
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Comment 
A view o f  the ca t ion  a n d  the a n i o n  is s h o w n  in Fig.  
1. The  s t ruc ture  o f  the a n i o n  A u I 2  is s imi lar  to those  
o f  the prev ious ly  repor ted  c o m p o u n d s  [Au(py)2]- 
[AuI2] (Adams ,  Hi l le r  & Strahle ,  1982) and  [N(n- 
C4H9)4][muI2] (Brauns te in ,  Mul l e r  & Bogge, 1986). 

+ 

I A u - - I  

S(1) 
C(24) C(25) ~ 5(2) 

c, 0,/57  
C(23) ~ -  ~ p , , , ~ t  Ji ~C(1) C(11) 

I(1, '~ r~C(21)  ~ 12) 

C(15) ~ 1 3 )  

C(141 
Fig. 1. A view of the molecule of (CtsHliS2)[AuI2]. Displacement 

ellipsoids have been drawn at the 50% probability level. H 
atoms have been omitted for clarity. 

Experimental 

The title compound was obtained by the reaction of 
(CIsHltS2)I (Hendrickson & Martin, 1973) with [Au(tht)C1] 
(tht = tetrahydrothiophene) (Uson, Laguna & Laguna, 1989) 
in CH2C12 solution. Crystals suitable for X-ray analysis were 
obtained by recrystallization from a dichloromethane-diethyl 
ether solution. 

Crystal data 

(CI5Hi lS2) [AuI2]  Mo Ka radiation 
Mr = 706.06 A = 0.71073/~, 
Monoclinic Cell parameters from 25 
P21/ c reflections 
a = 7.5238 (8)/~ 0 = 12.25-16 ° 
b = 22.525 (4)/~ # = 11.82 mm - l  
c = 10.628 (1)/~, T = 298 K 
/3 = 95.594 (9) ° Rectangular 
V = 1792.6 (4)/~3 0.40 x 0.30 × 0.20 mm 
Z = 4 Red 
Dx = 2.62 Mg m -3 

Data collection 
R3m/E diffractometer 

SCanS 
Absorption correction: 

empirical 
Tmin = 0.620, Tmax = 
0.978 

2672 measured reflections 
2638 independent reflections 
1666 observed reflections 

[Fo 2 > 3(r(F2)] 

Rint = 0 .0266  
0max = 22.7 ° 
h = 0 - - ,  9 
k =  0--+ 25 
l = - 1 2 - - ,  12 
3 standard reflections 

monitored every 97 
reflections 

intensity variation: none 

Refinement 

Refinement on F 
R = 0.0307 
wR = 0.0336 
S = 1.010 
1666 reflections 
181 parameters 
H-atom parameters not 

refined 
w = 1/[tr2(Fo) + 0.00100Fo 2] 

(A/a)max = 0.003 
Apmax = 0.61 e A -3  
mpmin = - 0 . 8 6  e / ~ - 3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

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

Ueq = ( 1 / 3 ) ~ i ~ j U i j a 7  a7 ai.aj. 

x y z Ueq 
Au(1) 0.2494 (1) -0.0497 (1) 0.1794 (1) 0.057 (1) 
I(1) 0.2897 (1) 0.0576 (1) 0.2486 (1) 0.066 (1) 
1(2) 0.2097 (1) -0.1563 (1) 0.1047 (1) 0.070 (1) 
S(1) 0.7160 (4) -0.4135 (1) -0.3881 (3) 0.059 (1) 
S(2) 0.7723 (4) -0.5013 (1) -0.3781 (3) 0.057 (1) 
C(1) 0.7672 (13) -0.5066 (4) -0.2173 (9) 0.048 (4) 
C(2) 0.7316 (14) -0.4552 (4) -0.1561 (10) 0.049 (4) 
C(3) 0.7111 (14) -0.4038 (4) -0.2277 (10) 0.049 (4) 
C(10) 0.8043 (15) -0.5654 (4) -0.1617 (9) 0.048 (4) 
C(II) 0.8042(16) -0.6156(5) -0.2340(11) 0.060(4) 
C(12) 0.8473 (17) -0.6697 (5) -0.1828 (11) 0.068 (5) 
C(13) 0.8892 (16) -0.6746 (5) -0.0520 (12) 0.067 (5) 
C(14) 0.8841 (15) -0.6250 (5) 0.0235 (11) 0.062 (4) 
C(15) 0.8407 (15) -0.5717 (5) -0.0303 (11) 0.057 (4) 
C(20) 0.6752 (14) -0.3440 (4) -0.1804 (11) 0.051 (4) 
C(21) 0.5788 (16) -0.3354 (5) -0.0803 (11) 0.062 (5) 
C(22) 0.5462 (18) --0.2796 (5) -0.0391 (12) 0.071 (5) 
C(23) 0.6013 (18) --0.2302 (5) -0.0993 (12) 0.078 (5) 
C(24) 0.6974 (18) --0.2391 (6) -0.2023 (14) 0.091 (6) 
C(25) 0.7314 (16) -0.2939 (5) -0.2438 (12) 0.063 (5) 

Table 2. Selected geometric parameters (/~, o) 

Au(1)--I(1) 2.536 (1) Au(1)---I(2) 2.538 (1) 
S(1)---S(2) 2.024 (4) S(1)---C(3) 1.723 (11) 
S(2)---C(1) 1.717 (10) C(1)--C(2) 1.368 (14) 
C(I)---C(10) 1.467 (14) C(2)----C(3) 1.385 (14) 
C(3)---C(20) 1.472 (14) C(10)----C(11) 1.367 (15) 
C(10)----C(15) 1.404 (15) C(11)--C(I 2) 1.360 (15) 
C(12)---C(13) 1.400 (17) C(I 3)----C(14) 1.378 (16) 
C(14)---C(15) 1.354 (15) C(20)----C(21) 1.359 (17) 
C(20)----C(25) 1.400 (15) C(21)----C(22) 1.361 (17) 
C(22)---C(23) 1.369 (18) C(23)---C(24) 1.385 (20) 
C(24)---C(25) 1.344 (17) 

l(l)---Au(l)---I(2) 178.6 S(2)---S(1)----C(3) 95.5 (4) 
S(I)--S(2)---C(1) 95.4(4) S(2)---C(1)---C(2) 116.1 (8) 
S(2)----C(1)---C(10) 116.2 (7) C(2)--C(1)----C(10) 127.7 (9) 
C(1)---C(2)---C(3) 117.6 (10) S(1)---C(3)---C(2) 115.2 (8) 
S(1)---C(3)---C(20) 118.4 (8) C(2)---C(3)--C(20) 126.3 (10) 
C(I)---C(10)---C(11) 122.1 (9) C(I)--C(10)---C(15) 120.2 (9) 
C(11)--C(10)---C(15) 117.7 (9) C(10)---C(11)---C(12) 121.9 (10) 
C(11)---C(12)----C(13) 119.3 (10) C(12)--C(13)---C(14) 119.9 (10) 
C(13)---C(14)---C(15) 119.5 (11) C(10)--C(15)---C(14) 121.6 (10) 
C(3)---C(20)---C(21) 121.8 (10) C(3)---C(20)---C(25) 119.9 (10) 
C(21)--C(20)----C(25) 118.2 (10) C(20)----C(21)----C(22) 120.7 (11) 
C(21)----C(22)---C(23) 121.9 (12) C(22)---C(23)--C(24) 117.2 (12) 
C(23)----C(24)----C(25) 121.6 (12) C(20F---C(25)----C(24) 120.3 (12) 

The crystal was mounted in a random orientation on a glass 
fiber. Axial dimensions and triclinic symmetry were verified by 
axial rotation photographs and Delaunay reduction. A variable 
scan rate was used, 2.80-29.0 ° min -1, in a scan range of 
-0 .8  ° in x from Kc~l to 0.8 ° from Ka2. Background intensities 
were estimated from a 96-step peak profile. Lorentz and 
polarization corrections were applied. Structure determination 
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was carded out using SHELXTL (Sheldrick, 1985). The Au- 
atom position was determined by direct methods and the 
remaining non-H atoms were located using difference Fourier 
techniques. All non-H atoms were refined anisotropically and 
H atoms were placed in idealized positions with fixed isotropic 
displacement parameters [U(H) = 0.08 A,2]. 

These studies were supported by the Welch Founda- 
tion and the National Science Foundation (grant CHE- 
8708625). 

Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
ST1091). Copies may be obtained through The Managing Editor, Inter- 
national Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, 
England. 

References 
Adams, H.-N., Hiller, W. & Strahle, J. (1982). Z. Anorg. Allg. 

Chem. 485, 81-91. 
Braunstein, P., Muller, A. & Bogge, H. (1986). lnorg. Chem. 25, 

2104-2106. 
Hendrickson, A. R. & Martin, R. L. (1973). J. Org. Chem. 38, 

2548-2549. 
Sheldrick, G. M. (1985). SHELXTL User's Manual. Revision 5.1. 

Nicolet XRD Corporation, Madison, Wisconsin, USA. 
Uson, R., Laguna, A. & Laguna, M. (1989). Inorg. Synth. 26, 

85-91. 

Acta Cryst. (1994). C50, 1582-1585 

B is(tetraethylammonium) Tetrabromo- 
eadmate 

M. GESELLE AND H. Ftmss 

Technische Hochschule Darmstadt, 
Fachbereich Materialwissenschaft-Strukturforschung, 
Petersenstrasse 20, 64287 Darmstadt, Germany 

(Received 3 March 1994; accepted 18 May 1994) 

Abstract 
The crystal structure of the title compound, [(C2Hs)4N]2- 
[CdBr4], has been determined by single-crystal X-ray 
diffraction methods. The crystal structure consists of iso- 
lated CdBr4 tetrahedra, two cations in a swastika confor- 
mation (one ordered, one disordered) and one cation in 
a trans conformation. All cations show strong thermal 
motion. Automatic structure solution packages failed to 
yield a chemically relevant result. The structure solu- 
tion by manual interpretation of the Patterson map is 
reported here. 

© 1994 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Comment 
Bis(tetraethylammonium) tetrahalometaUates(ID, [(C2- 
H5)4N]2[MX4], with M = Fe, Co, Ni, Cu, Zn, Cd, and 
X = C1, Br, I, have been the subject of numerous 
investigations. So far only the crystal structures of 
the room-temperature phase of [(C2Hs)4N]2[NiC14] and 
the isotypic Co compound have been reported (Stucky, 
Folkers & Kistenmacher, 1967), in which the metal was 
found to be tetrahedrally coordinated by CI atoms and 
the cation to have a disordered swastika conformation. 

Ross, Siddiqi & Tyrrell (1972) confirmed the tetrahe- 
dral coordination of Cd in the corresponding tetrabromo- 
and tetraiodocadmates. Investigations of the optical bi- 
refringence showed that the title compound, (I), belongs 
to the tetragonal crystal system and undergoes two phase 
transitions at 39 and 311 K (Vlokh, Polovinko, Mokryi 
& Sveleba, 1991; Sveleba et al., 1993). In this work 
we present the crystal structure of the compound in its 
room-temperature phase. 

2 

2 -  B\? Br 
Br"" Br 

(I) 
• . 

Buerger-precession and de Jong Bouman photographs 
show a x/~/2a x x/2/2b x c substructure. This substruc- 
ture may be the reason why neither automatic heavy- 
atom nor direct methods using Xtal3.2 (Hall, Flack & 
Stewart, 1992) and SHELXS86 (Sheldrick, 1985) yielded 
anything chemically discernible. Therefore, the structure 
solution by manual interpretation of the Patterson map 
was attempted. 

_Inspection of the (uv0)-Harker plane confirmed 
P421m as the correct space group. Furthermore, this 
Harker plane exhibits three prominent vectors (marked 
with 'X'  in Fig. 1) which delimit an equilateral triangle, 
the sides of which correspond to interatomic distances 
of about 3.5 A identifying it as a face of a CdBr4 tetra- 
hedron. 

Thus, the basic feature of this structure is CdBr4 
tetrahedra each with their threefold axis parallel to the 
crystallographic c axis. This is confirmed by a strong 
vector at (00w) corresponding to an interatomic distance 
of 2.6 A,, which in turn is consistent with a Cd--Br bond 
distance. 

In projection along the crystallographic c axis the 
anions should appear as equilateral triangles with a 
Cd and a Br atom at the centre of mass. Assuming 
an ordered arrangement of the tetrahedra and avoiding 
close contacts (i.e. less than 3.5/~) between Br atoms, 
it is possible to confine the triangles to positions where 
one of their bisectors lies on the mirror line of the plane 
group p4gm. Thus two Br atoms and the Cd atom should 
lie on the positions 2b or 4m of p4gm. The substructure 
mentioned above leads to a very strong vector in (½ ½ 0). 
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