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Abstract. M r =  606.4, orthorhombic, Pnam, a = 
10.499 (9), b =  12.57 (1), c = 7 . 0 0 0 ( 6 ) A ,  V =  
923 .8A 3, Z = 4 ,  D x = 4 . 3 6 M g m  -3, 2 ( M o K a ) =  
0.71069 A, / ~ = 2 2 . 6 m m  -l, F (000 )=  1040, T =  
296 (2)K. Final R = 0.066 for 1378 non-zero reflex- 
ions. The [ReC1303] 2- anion has crystallographic point 
symmetry m (C s) but approximates closely to 3m (C3,) 
symmetry. The average bond lengths and bond angles 
are: Re-CI  2.50(1),  Re--O 1 .70(2)A,  C1-Re-C1 
81.5 (3), O--Re--O 103.1 (9) °. 

Introduction. The dissolution of ReO 4- ions in con- 
centrated hydrochloric acid saturated with hydrogen 
chloride produced at first a yellow solution which 
turned brown-red with increase in HC1 concentration. 
When tetraphenylphosphonium (or arsonium) chloride 
is added to the red solution the oxopen- 
tachlororhenate(VI) salts are precipitated (Yatirajam & 
Singh, 1975; Lis & Je~owska-Trzebiatowska, 1977). 
From the yellow solution the [ReCI303] 2- ion was 
obtained as the cesium salt by Grove, Johnson & 
Wilkinson (1969) and Je~owska-Trzebiatowska, Hanuza 
& Bahaka (1971). Later, it was reported that other 
yellow complexes may be isolated depending on HC1 
concentration, complexing agent used, and the kind of 
cation. The detailed X-ray data were given for 
Re(bpy)CIO 3 (Sergiyenko, Khodashova, Porai-Koshits 
& Butman, 1977) and (H2phen)[ReCl2(H20)O3]C1 
(Lis, 1979). The X-ray analysis showed the fac-trioxo 
structure which had been suggested on the basis of 
theoretical considerations and IR spectra. In this paper 
the crystal structure of Cs2[ReC1303] is presented. 

Experimental. Preparation described by Grove et al. 
(1969) gave crystals too small for X-ray studies, 
therefore a new method of preparation was employed: 
the equimolar mixture of CsReO4 and CsC1 in 
concentrated HC1 was left in a desiccator over P20 5. 
After some weeks yellow well formed crystals appeared. 
They were extremely unstable in air giving a yellow 
crystalline powder. Density not measured. Weissenberg 
photographs showed space group to be Pnam or Pna2 r 
Specimen ~0.35 x 0.40 x 0.45 mm cut from a large 
crystal and sealed in a capillary. Syntex P2~ diffrac- 
tometer, Mo Ka radiation. Lattice parameters from 15 
reflexions in 20 range 15-30 °. 20-09 scan technique. 

After each group of 40 reflexions intensities of two 
standard reflexions measured, no significant change 
observed. 2308 intensities (hkl to 16,20,11) measured 
below 2 0 = 7 0  ° . Empirical absorption corrections 
made from tp-scan data. Re atoms found from Patter- 
son synthesis and centrosymmetric (Pnam) space group 
assumed; all other atoms from difference syntheses. 
Full-matrix least-squares refinement on F of all aniso- 
tropic thermal parameters and a scale factor. R = 
0.066, R ~ =  0.085 for 1378 reflexions with 1>2o(/) .  
Ratio of max. LS shift to error no greater than 0.00. On 
final difference synthesis two highest peaks 2.4 and 
2.0 e/k -3 around Re atom, two further peaks 1.5 and 
1.8 e A -3 around Cs(2). No correction for secondary 
extinction. All calculations performed on a Nova 1200 
computer with programs supplied by Syntex (1976). 
Neutral-atom scattering factors from International 
Tables for  X-ray Crystallography (1974); real and 
imaginary components of anomalous dispersion 
included for all atoms. 

Discussion. Final atomic parameters are in Table 1 and 
principal bond distances and angles in Table 2.* The 
structure is built up from complex [ReCI303] 2- anions 
and Cs + cations. Since the Re atoms are situated on a 
mirror plane the anions as a whole also possess m (C s) 
symmetry. However, the anions approximate closely to 
3m (Car) symmetry as is shown by the interatomic 
distances and bond angles (Table 2). The C3v symmetry 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 38557 (10 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

Table 1. Final atom coordinates and equivalent 
isotrop& thermal parameters 

Beq = ](Bll + B22 + Bs3). 
x y z Beq(fk 2) 

Re 0.1865 (2) 0.0669 (1) ~ 1.15 
Cs(1) 0.1554 (3) 0.4107 (2) ~ 2.43 
Cs(2) 0.4667 (2) 0.6820 (2) ~ 1.61 
CI(I) 0.3768 (8) -0.0548 (6) ~ 2.31 
C1(2) 0.3214 (6) 0.1678 (5) 0.0193 (8) 2.42 
O(1) 0.0874 (22) 0.1737 (17) ~ 2.7 
0(2) 0.1352 (16) -0.0068 (13) 0.0607 (24) 2.9 
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Table 2. Bond  lengths (A) and bond angles (o) in the 
title compound 

Atoms marked with a prime are related to those at x,y,z by a mirror 
plane at x,y,]. 
Re-O(1) 1-698 (21) Re-O(2) 1.704 (17) 
Re-CI(1) 2.517 (8) Re-CI(2) 2.494 (5) 

O(l)-Re-O(2) 103.7 (9) O(2)-Re-O(2') 102.1 (8) 
CI(1)--Re-CI(2) 81.9 (2) CI(2)-Re-CI(2') 80.7 (2) 
O(1)--Re-Cl(1) 165.2 (7) O(1)-Re-Cl(2) 86.9 (7) 
O(2)--Re-Cl(l) 85.4 (6) O(2)-Re-Cl(2) 87.3 (6) 
O(2)-Re-Cl(2') 163.6 (6) 

~ 1(I) 

I 
m 

Fig. 1. The [ReC1303] 2- anion viewed along the idealized threefold 
axis. 

\ 
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Fig. 2. The packing of the crystal. 

is also visualized in Fig. 1 which shows an OR TEP 
(Johnson, 1976) projection along the idealized threefold 
axis. 

The R e - O  distances [average value 1.70 (2) A] are 
similar to those found in Re(bpy)C10 3 (Sergiyenko et 
al., 1977) and in (H2Phen)[ReC12(H20)O3]Cl (Lis, 
1979). Also the Re--C1 bond lengths [average value 
2.50 (1) A] are similar. In the fac- tr ioxo compound the 
Re-C1 distances are determined by the presence of 
oxygen in trans positions. This is the so-called 
structural trans effect, already observed in complexes 
with 'short '  M--O bonds. This effect results in an 
increase of 0 .1 -0 .25  A in the Re-C1 distances com- 
pared to other complexes of Rem-ReVL This effect for 
fac-tr ioxo complexes was discussed by Sergiyenko et al. 
(1977). 

Both different Cs ÷ cations lie on the mirror plane and 
have different environments. Cs(1) has six neighbors at 
3 .25-3 .55  A, and Cs(2) has nine neighbors at 3 .12 -  
3 .57A,  which form rather irregular shapes. The 
packing of the crystal is shown in Fig. 2. 

An attempt to obtain other salts of six-coordinated 
Re TM complexes with simple cations such as Rb ÷, K + 
and others gave no result. 
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