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as 2Nb4+NbS+I-6(Se2) 2-. Thus, the tantalum deriva- 
tive may be formulated as Ta4+T#+I-4(Se2) 2-. The 
only difference between the two compounds is the 
metal-metal bond sequence. Nb3ISe~2 exhibits one 
short (3.061/k) and two long (3.252/k) intermetallic 
distances, whereas no difference is observed with 
Ta2ISes. The sequence of long and short bonds in the 
metal-metal chain plays an essential role concerning 
the semi-conducting properties of these materials 
(Gressier, Meerschaut, Guemas, Rouxel & Monceau, 
1982). More structural investigations are needed in this 
series of MYxX4 compounds (M = Nb, Ta; Y = CI, Br, 
I; X = S, Se). These derivatives may provide a complete 

set of compounds to support a critical discussion in the 
scope of a bond-density wave theory (Whangbo, 1982). 
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Abstract. [Bi2(H20)2(SO4)2(OH)2], monoclinic, P2Jn ,  
a = 6.021 (1), b = 13.363 (2), c = 6.495 (1)/k, fl = 
112.94 (1) °, D m = 4.62, D x = 4.69 Mg m -a, Z = 2; 
R = 0.063 for 853 observed diffractometer data. The 
structure consists of molecules in which an O atom of 
an SO ]- anion and a water molecule are bonded at 
relatively short distances to each Bi atom of a planar 
Bi2(OH) 4+ unit. The coordination sphere around the Bi 
atom is completed by two more O atoms of two 
different SO ]- anions at longer distances. The coordi- 
nation polyhedron is a distorted octahedron with the 
stereochemically active electron lone pair. The 
molecules form a three-dimensional network. 

Introduction. The systematic investigation of the 
hydrolysis of bismuth(III) nitrate (Lazarini, 1981)has 
been extended to study the chemical behavior and 
structure of bismuth basic sulfates. There are two 
compounds important in the scheme of the hydrolysis 
of bismuth(III) sulfate. The title compound seems to be 
the first solid product of the hydrolysis at pH below 
1.1. Its formula is usually quoted in the literature as 
(BiOH)SO4.H20. The crystal structure of an iso- 
morphous selenium compound has been determined by 
Aurivillius (1964). The title compound reconverts in the 
suspension at pH above 1.1 after a few hours into the 
second product of the hydrolysis, [Bi20(OH)2]SO4. 

The crystal structure of this compound has also been 
published by Aurivillius (1964). We decided to rein- 
vestigate the crystal structures of both compounds to 
enable a precise comparison between the structures of 
bismuth basic nitrates and sulfates to be made. This 
paper concerns the crystal-structure analysis of the first 
product of hydrolysis, [Bi2(HEO)2(SOa)2(OH)2], while 
the results of the crystal-structure analysis of the 
second product of the hydrolysis are given in the 
following paper (Goli6, Graunar & Lazarini, 1982). 

The crystals of the title compound were obtained by 
slow diffusion of water into an acid-saturated solution 
of bismuth(III) sulfate using a method described by 
Ozols (1950). A well developed crystal, selected for the 
diffraction measurements, was characterized by the 
following planes (in parentheses are the distances from 
the crystal faces to an arbitrary_origin inside the 
crystal): + ( l l 0 )  (0.045 mm), _+(110) (0.050 mm), 
(i20) (0.068 mm), (121) (0.205 mm), (121) 
(0.180 mm) and + (001) (0.240 mm). 

The intensity data were collected at 293 (1) K with 
an Enraf-Nonius CAD-4 diffractometer. Experi- 
mental conditions were: graphite-monochromatized 
Mo K0t radiation (2 = 0.71069 ,/k), 0>-20 scan, 0mi n = 
1 °, 0ma x = 25 ° , 20 scan width = (1.0 + 0.6 tan 0) °, 
aperture = (2.5 + 0.9 tan 0) mm, maximum scan time 
40 s, background = ¼ of the scan time at each of the 
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scan limits. 2304 reflexions were recorded. After  
symmetry-re la ted  reflexions were averaged (agreement 
factor  0 .071)  and the reflexions having I < 3t~(I) 
(calculations based on counting statistics) were rejec- 
ted, only 853 reflexions remained for the structural  
analysis.  Correct ions  were applied for absorption 
[~t(Mo K s )  = 35.63 m m - ' ] .  The transmission factors,  
calculated with the measured crystal dimensions (3072 
grid points, crystal  volume 0 .0063 mm3), range from 
0 .019  to 0 .129.  The unit-cell parameters  were obtained 
from a least-squares fit of  the 0 values of 45 reflexions 
measured on the diffractometer.  

The positions of  the Bi and S a toms were taken from 
the Pat terson map,  while the O atoms were located 
f rom a difference Fourier  map.  The structure was 
refined by the full-matrix least-squares technique with 
anisotropic thermal parameters  for Bi and S atoms,  
isotropic for O atoms and with anomalous-dispersion 
correction for all atoms. The weighting function applied 
in the final cycle was w = 34.4/[tY(Fo) 2 + 0.00061 Fo2]. 
An empirical extinction parameter  was also included in 
the final stage of  the refinement; its value in the final 
cycle was 6.8 (5) × 10 -3 . Final R values are: R -- 
S']IFol - IFcll/~" IFol = 0.063 and g w = [Y w ( F  o - 
Fc)2/~ WF2ol 1/2 = 0 .068 for 45 parameters  and 853 
reflexions. The final difference Fourier  map  was 
featureless. 

Fig. 1. Projection of the structure of [Bi2(H20)2(SO4)2(OH)21 
along e. 

Table 1. Final posit ional parameters  (× 104) and 
isotropie thermal parameters  (A 2 × 103) with e.s.d.'s in 

parentheses 

For Bi and S atoms the equivalent isotropic thermal parameter is 
given [calculated as Ueq = (U~.U22 .t:,,33,w31  ̀for O atoms the 
isotropic thermal parameter is given. 

x y z UoJU 

Bi 3460(2) 3791 (1) 4124(2) 6(1) 
S 8229 (12) 1660 (5) 4085 (12) 6 (3) 
O(1) 6932 (59) 2428 (17) 4673 (49) 21 (6) 
0(2) 6515 (42) 1083 (14) 2027 (41) 17 (5) 
0(3) 10232 (47) 2044 (16) 3608 (42) 19 (5) 
0(4) 9165 (42) 913 (15) 5962 (40) 18 (5) 
OH 2942 (41) 5420 (14) 4041 (35) 12 (4) 
OW 9379 (43) 4146 (15) 1470 (41) 21 (5) 

Table 2. Interatomic distances ( A ) a n d  angles (°) with 
e.s.d. 's in parentheses 

Bi-OH 2.20 (2) S-O(1) 1.43 (3) 
Bi-OH ~ 2.28 (2) S-O(2) 1.54 (2) 
Bi-O(4 H) 2.29 (3) S-O(3) 1.45 (3) 
Bi-OW H~ 2.44 (2) S-O(4) 1.50 (2) 
Bi-O(2 v) 2.58 (3) OH-O(2') 2-65 (3) 
Bi-O(l) 2.69 (3) 

Bi-OH-Bi I 110.4 (9) OWiii-Bi-O(2t') 83.4 (8) 
OH-Bi-OH j 69-6 (7) OWi"-Bi-O(4 li) 79.6 (9) 
OH-Bi-O(1) 140.3 (9) OH~-Bi-O(2 ~') 101.3 (8) 
OH-Bi -OW Ill 72.3 (7) OHi-Bi-O(4 il) 85.3 (8) 
OH-Bi-O(2 ~v) 81.5 (8) O(2i')-Bi-O(4 ~) 159.9 (7) 
OH-Bi-O(4 ~) 83.2 (9) O(1)-S-O(2) 110 (1) 
O( I ) -Bi-OW ~H 138.0 (8) O(1)-S-O(3) 113 (2) 
O(I)-Bi-OH' 73.3 (8) O(1)-S-O(4) 109 (2) 
O(l)-Bi-O(2 ~) 119.8 (9) O(2)-S-O(3) 109 (2) 
O(l)-Bi-O(4 H) 80.2 (9) O(2)-S-O(4) 106 (1) 
OWULBi-OH ~ 140.3 (7) O(3)-S-O(4) 109 (1) 

Symmetry code: (i) 1 - x, 1 - y ,  1 - z; (ii) -4 + x, ½ - y ,  -4 + z; 
(iii) - 1  + x , y ,  z; (iv) - 4  + x, ½ - y ,  ½ + z', (v)  ½ - x,  ½ + y ,  ½ - z.  

The calculations were performed on the D E C - 1 0  
computer  at the University Edvard  Kardelj  of  Ljub- 
l iana with S H E L X  76 (Sheldrick, 1976). Atomic  
scattering factors for neutral a toms tabulated by 
Cromer  & Mann  (1968) and the values o f f '  and f "  
for the anomalous-dispersion correction of  Cromer  & 
Liberman (1970) were applied. 

The positional and thermal parameters  are listed in 
Table 1. Equivalent isotropic thermal paramete rs  are 
given for Bi and S a toms and isotropic thermal  
parameters  for O atoms.* A projection of  the structure 
along c and the a tom-number ing system used are shown 
in Fig. 1. The interatomic distances and angles are given 
in Table 2. 

D i s c u s s i o n .  The main feature of  the structure of  the title 
compound  seems to be the presence of  a rhomboidal  
planar  [BiE(OH)2] 4+ group. A group with similar 
geometry  can be observed as a f ragment  of  the 
polycations existing in bismuth basic nitrates (Lazarini ,  
1978, 19793,b) and perchlorates (Sundvall,  1979). The 
BiOH 2+ cation has also been postulated beside BiO + 
and Bi(OH) + species on the basis of  conductimetric 
measurements  in nitrate solutions (Quartarol i ,  1913) 
and in small amounts  beside the [Bi60,(OH)12_2,] 6+ 
polycations on the basis of  e.m.f, measurements  in 
perchlorate solutions (Olin, 1957). Aurivillius (1964) 
concluded from the crystal-structure analysis  of  
(BiOH)SeO 4. H20 ,  which is i somorphous  with the title 
compound,  that the [Bi2(OH)2] 4+ cations are fairly 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 36994 (7 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CHI 2HU, England. 
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isolated in the structure. The crystal-structure deter- 
mination of the title compound yields some additional 
structural details. 

To each Bi atom of the [Bi2(OH)2] 4+ group [with 
B i -OH distances 2.20 (2) and 2.28 (2) A] one O atom 
of the SO ]- anion and a water molecule are bonded 
relatively strongly ]distances 2.29 (3) and 2.44 (2)A 
respectively]. The coordination sphere around each Bi 
atom is completed by two more O atoms of two 
different SO 2- anions at longer distances [2.58 (3) and 
2.69 (3) A]. The coordination polyhedron is a distorted 
octahedron with the stereochemically active lone 
electron pair. The molecules, interlinked by O atoms of 
different SO ]- anions, form a three-dimensional net- 
work. A hydrogen bond is also present [ OH-O(2  v) 
distance 2.65 (3) A]. 

The B i -OH distances are somewhat shorter than 
those of the [Bi604(on)4] 6+ groups, present in nitrates 
(mean B i -OH distance 2 .40A;  Lazarini, 1979a,b), 
probably because each OH group of these polycations 
is bonded pyramidally to three Bi atoms. It should be 
mentioned that in one of the bismuth basic nitrates, 
[Bi6(H20)(NOa)O4(OH)4] (NO3) 5 (Lazarini, 1979b), the 
water molecule and one O atom of an NO~ anion are 
bonded to two neighboring Bi atoms of the polycation 
at fairly longer distances [2.64 (3) and 2.62 (3)A 

respectively] than the water molecule and the O atom 
of the SO 2- anion in the title compound I2.44 (2) and 
2.29 (3) A respectivelyi. The bond distances and angles 
within the SO 2- anion are similar to those found in 
other sulfates. 

The authors wish to thank the Research Council of 
Slovenia for financial support. 
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Abstract. [Bi20(OH)2]SO 4, monoclinic, P2Jc, a = 
7.692(3), b = 13.87(1), c = 5.688 (2)A, fl = 
109.01 (3) ° , Dm = 6"5 (1), D x =  6"53 Mg m -3 ,Z  = 4; 
R = 0.039 for 1356 observed diffractometer data. The 
structure consists of sulfate anions and [Bi20(OH)]+] n 
infinite double chains in which two [Bi(OH)2+]n chains 
are interconnected through O atoms. One of the two Bi 
atoms of the asymmetric unit is coordinated pyrami- 
dally by one O atom and two OH groups, the second 
Bi atom is coordinated pyramidally by two O atoms 
and two OH groups. Each OH group interconnects two 
Bi atoms, each O atom three Bi atoms. 

Introduction. This work is part of the investigation of 
chemical behavior and structure of bismuth basic 
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sulfates (see the preceding paper, Graunar & Lazarini, 
1982). The title compound is a product of further 
hydrolysis of lBi2(H20)2(SO4)2(OH)21 at pH above 1.1. 
The formula of the title compound is usually given in 
the literature as (BiO_)2SO 4. H20. The crystal structure 
of this compound has already been determined by 
Aurivillius (1964). We decided to reinvestigate this 
crystal structure in order to obtain results of the same 
accuracy as those of the crystal structures of other 
bismuth basic salts determined recently. 

Crystals of suitable dimensions for X-ray structural 
analysis were obtained by slow diffusion of a saturated 
acid solution of bismuth(Ill) sulfate into water, using a 
method described by Ozols (1950). A well developed 
crystal, selected for the diffraction measurements, was 
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