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Tabelle 2. Ausgewdhlte interatomare Abstdnde und 
Winkel 

1 Symmetrieoperation: (i) ½ + x, y, ½-z ;  (ii) ½ + x, ,~-y, -z ;  (iii) 
1 + x, y, z; (iv) ½ - x, - ½  + y, z; (v) ½ - x, ½ + y, z; (vi) -½  + x, y, 
½- z; (vii) - x, 1 - y ,  -z ;  (viii) - I  + x,y, z; (ix) -x ,  ½ +y, ½ - z ;  
(x) l - x ,  ½+y, ½-z ;  (xi) ½-x ,  -½ +y, z; (xii) 1 - x , - ½ + y ,  

- - Z .  

(a) Abst/inde (/~,) zu den benachbarten O-Atomen; Standard- 
abweichungen sind 0,003 A fiir K - O  und V-O, 0,004 A f'tir Aq-O 

K(1) Aq 2,697 0(2') 2,747 O(li') 2,845 
0(3") 2,922 Aq tv 2,988 O(4U') 3,078 

K(2) 0(2') 2,713 0(40 2,769 O(4~') 2,772 
0(3) 2,943 0(30 2,966 O(1 u) 3,065 
Aq v~ 3,102 

K(3) O(1 vu) 2,654 Aq *~u 2,778 0(30 2,826 
O(1) 2,836 0(2) 2,871 0(2 ~x) 3,030 
0(4 IX) 3,056 Aq ~l 3,080 

V O(2) 1,689 O(1) 1,690 0(4) 1,730 
O(3) 1,735 

Aq 0(4 ~) 2,570 O(30 2,640 

(b) Winkel (o) mit Standardabweichungen in Klammern 

O(2)-V-O(1) 109,80 (14 )  0(2)--V-0(4) 108,98 (15) 
O(2)--V--O(3) 111,05 ( 1 5 )  O(1)---V-O(4) 109,58 (16) 
O(1)--V-O(3) 108,88 ( 1 6 )  O(4)-V-O(3) 108,52 (14) 
O(40-Aq-O(30 107,19 (14) 

Obwohl sich die H-Atome mit Hilfe einer Differenz- 
Fouriersynthese nicht lokalisieren lieBen, verraten die in 
Tabelle 2 aufgef'tihrten kurzen Aq-O-Absdinde schon 
das Bestehen der Wasserstoffbr/icken zwischen den 
betreffenden Atomen (Brown, 1976). Die kiirzesten 
O-O-Abst~inde sind O(1)-O(2) 2,764 (4)/k in einer 
VO4-Gruppe und 0 ( 4 ) - 0 ( 4  x~ii) 3,511 (6)/~ zwischen 
zwei verschiedenen VO4-Gruppen [Symmetrie- 
operation (xiii): - x ,  - y ,  -z ] .  Berechnet man nach 

Brown & Wu (1976) f'tir jedes O-Atome die ihm 
zustehende Valenzsumme der Bindungen, so weisen 
0(3) und 0(4) tats/ichlich ein Defizit auf, das durch 
Wasserstoffbrticken ersetzt werden mull F/Jr diese 
O-Atome errechnen sich die Valenzsummen jeweils zu 
1,605 und 1,659, w/ihrend sic f'tir O(1) und 0(2) 
1,925 bzw. 1,927 betragen. 
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Abstract. CoSe205, M r =  296.8, orthorhombic, Pnca, 
a- -6 .080(1) ,  b = 6 . 7 9 7  (1), c =  10.370(2)A, V =  
428.5 (1)/k 3, Z = 4, D x = 4.60 gcm -3, 2(Mo Kct) = 
0.71073 A, ~ - 223.9 cm -~, F(000) = 540, T =  297 K, 
R - - 0 . 0 4 8  for 544 observed reflections. Isostructural 
with the Mn and Zn compounds; CoO6 octahedra link 

* Present address: Mineral Sciences Division, National Museum 
of Natural Sciences, Ottawa, Ontario, Canada K IA 0M8. 
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by sharing edges to form cz-PbO2-1ike chains that are 
linked together by corner-sharing diselenite groups. The 
stereochemistry of SeO 3 groups is briefly reviewed. The 
grand mean Se -O  distance is 1.709 A, r.m.s, devia- 
tion = 0.010 A, and the grand mean O - S e - O  angle is 
100.2 o, r.m.s, deviation -- 1.3 o Individual bond-length 
variations can be rationalized using bond-valence 
theory, and a bond-valence curve for the Se -O  bond is 
derived: S = (R/1.808) -5"2. 

© 1987 International Union of Crystallography 
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Introduction. Structural characterization of selenium 
oxysalt minerals (Hawthorne, 1984) is often hampered 
by inadequate material, and an idea of the range of 
bond geometries expected is useful in assessing the 
quality of the results of such studies. Consequently 
examination of the structures of a few simple selenite 
compounds (Hawthorne, Ercit & Groat, 1986; this 
study) and a brief survey of observed SeO 3 group 
stereochemistry seemed warranted. 

Experimental. Crystals of C o S e 2 0  5 w e r e  obtained from 
Dr J. A. Mandarino, Department of Mineralogy and 
Geology, Royal Ontario Museum, Toronto, Ontario, 
Canada. Crystal size: 0.14 × 0.18 × 0.20 mm; space 
group and crystal data from precession photographs, 
unit-cell parameters refined from 25 reflections auto- 
matically centred on a Nicolet R3m diffractometer at 
297 K. 

Data collection: 1043 reflections, 3 < 2 0 < 6 0  °, 
h 0-8, k 0-9, l 0-14, graphite monochromator, Mo Kct 
X-radiation, 0/20 scan, variable scan speed 4-  
29.3° min -~, scan range (Ka~--l)-,(Kct2+l) °, back- 
ground/scan = 0.5, two standard reflections every 48 
reflections, variation 1.9%, absorption correction by 
refinement of a thin plate correction from q/-scan data 
with merging R reduced from 0.224 to 0.028, minimum 
transmission 0.061, maximum transmission 0.127, 
Lorentz and polarization corrections, 544 observed 
reflections with I > 2.5 tr(I). 

Structure determination and refinement: atomic 
scattering factors and anomalous-dispersion co- 
efficients from International Tables for X-ray Crystal- 
lography (1974), all calculations performed with 
SHELXTL (Sheldrick, 1981) on a Nova 4S computer. 
Starting parameters from MnSe20 5 (Koskenlinna, 
Niinist6 & Valkonen, 1976), refinement by full-matrix 
least squares (on F) with anisotropic temperature 
factors converged to R = 0.035, wR =0.035,  w =  1, 
maximum final shift/e.s.d. <0.05, mean <0.01, maxi- 
mum height in final difference Fourier map 0.7 e A -3. 

Discussion. Fractional coordinates and equivalent 
isotropic temperature factors of atoms in the asym- 
metric unit are listed in Table 1 and interatomic 
distances and angles are given in Table 2* The selenite 
group is trigonal pyramidal with typical distances and 
angles [see Table 3 (deposited)]. The 0(2) anion bridges 
between two SeO a groups, and Se-O(2) is con- 
siderably elongated relative to the mean bond length so 
that the local bond-valence requirements about the 0(2) 
anion are satisfied. The divalent cation is coordinated 

* Lists of structure factors and anisotropic thermal parameters 
and Table 3 have been deposited with the British Library Document 
Supply Centre as Supplementary Publication No. SUP 44196 (10 
pp.). Copies may be obtained through The Executive Secretary, 

• International Union of Crystallography, 5 Abbey Square, Chester 
CH l 2HU, England. 

by six 0 atoms in an octahedral arrangement with 
individual bond angles deviating considerably from 
90 ° . 

Table 1. Atomic parameters and equivalent isotropic 
temperature factors (A 2 × 102)for CoSe205 

= l  "~"  * * 
Ueq ~Zlz.jUijal a) ara j. 

x y z Ueq 
Se 0-0326 (1) 0.13111 (8) 0.3459(I) 0.89(2) 
Co ¼ 0 0.0616 (2) 0.98 (4) 
O(1) 0.0483 (8) 0.3398 (6) 0.4336 (7) 1.3 (1) 
0(2) ~ 0 0.4296 (9) 1.9 (2) 
0(3) 0.1575 (9) 0.1943 (7) 0.2115 (6) 1.6 (2) 

Table 2. Interatomic distances (A) and angles (°) in 
CoSe205 

Se-O(l) i.688 (5) Co-O(1 i.ii) 2-109 (6) x2 
Se-O(2) 1.815 (5) Co-O(1 lii,i~) 2.116 (5) x2 
Se-O(3) 1.644 (6) Co-O(3 ~) 2.116 (6) x2 
(Se-O) 1.716 (Co-O)  2.114 

O(1)-Se-O(2) 96.5 (3) O(1)-O(2) 2.615 (ll)  
O(l)-Se-O(3) 102.2 (3) O(1)-O(3) 2.593 (9) 
O(2)-Se-O(3) 101.4 (3) 0(2)-0(3) 2.679 (10) 
(O-Se -O)  100.0 (O-O)Se 2.629 

O(l i )-Co-O(l  ii) 102.1 (3) O(P)-O(I ~) 3.280 (10) 
O(l i)-Co-O(l  lit) 77.4 (2) x2 O(1~)-O(1 iii) 2.642 (9) 
O(li)-Co-O(1 iv) 104.3 (2) x2 O(li)-O(l iv) 3.336 (I 1) 
O(1~)-Co-O(3 ~) 89.2 (2) x2 O(1~)-O(3 ~) 2.967 (10) 
O(llti)-Co-O(3) 83.7 (2) x2 O(llit)-O(3) 2.824 (9) 
O(1~)-Co-O(3) 94-4 (2) x2 O(1~)-O(3) 3.105 (10) 
O(3)-Co-O(3 v) 85.4 (3) 0(3)-0(3") 2.870 (I0) 
( O - C o - O )  90.5 (O-O)Co 2.992 

Se-O(2)-Se v 122.9 (5) 

Symmetry code: (i) ½-x, y-½, z-~,l" (ii) x, ½-y, z-½; (iii) ½+x, ½-y, 
½--z; (iv) --x, Y--l, ½--z; (v) ½--x,--y, z. 

0{3) 

Fig. 1. The structure of CoSe20 5 projected along x; octahedral 
chains are line-shaded. 
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Octahedra link together by sharing edges to form 
a-PbO2-1ike chains (Wells, 1985) that run parallel to x. 
Two SeO 3 groups link by sharing a corner to form an 
Se20 5 group, and the octahedral chains share corners 
with the Se20 5 groups to complete the structure. This is 
illustrated in Fig. 1, which shows the staggered 
octahedral chains viewed end-on and forming a centred 
array, with the Se20 s groups linking the chains along 
both y and z. 

Table 3 summarizes bond lengths and angles in 
selenite groups from fairly precisely determined 
inorganic crystal structures. The grand mean Se--O 
distance is 1.709 A with a root-mean'-square deviation 
of 0.010 A, and the grand mean O - S e - O  angle is 
100.2 ° with a root-mean-square deviation of 1.3 ° 

There is significant variation of individual Se -O  
distances in the structures listed in Table 3. In previous 
work, this has been tacitly assumed to be in accord with 
bond-strength arguments. H-atom positions have been 
assigned on qualitative considerations of relative bond 
lengths, and Valkonen & Leskelii (1978) have reviewed 
S e - O  and S e - O H  distances in acid selenites, showing 
that S e - O  and S e - O H  distances cluster around 1.66 
and 1.75 A respectively. In order to put such argu- 
ments on a more quantitative basis, we have derived 
bond-valence curve parameters for the Se -O  bond 
using selected data from Table 3 and fitting them to a 
curve of the general form S = (R/Ro) -N (Brown, 1981); 

the relevant parameters are R 0 = 1.808 and N - - 5 . 2 .  
This curve should help in deciphering hydrogen- 
bonding schemes, particularly in the more hydrated of 
the selenium oxysalts. 

Crystals for this study were provided by Dr Joe 
Mandarino, Department of Mineralogy, Royal Ontario 
Museum, Toronto. The work was funded by the 
Natural Sciences and Engineering Research Council of 
Canada in the form of an operating grant and a major 
equipment grant to FCH, and graduate fellowships to 
LAG and TSE. 
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Structure of Cadmium Dimagnesium Hexabromide Dodecahydrate, CdMg2Br6.12H20 
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Abstract. [Mg(H20)6]z[CdBr6] , M r = 856.66, rhombo- 
hedral, hexagonal setting, R3 {Hall symbol R3 [Hall 
(1981). Acta Cryst. A37, 517-525]}, a = 10.371 (2), 
c = 17.761 (2)A, V =  1654.4 ,/k 3, Z =  3, D x = 
2.58 Mg m -3, MoKct radiation, 2 = 0.71069 A, ¢t = 
l l . 6 6 m m  -~, F (000 )=  1206, room temperature, R 
= 0.036 (wR = 0.029) for 1120 reflections. The sample 
was prepared from a saturated aqueous solution of 
MgBr 2 and CdBr 2 in a molar ratio of 2" 1. The structure, 
which is the same as [Mg(H20)6]2[CaC16] , consists of 
two Mg(H20) 2+ (av. M g - O = 2 . 0 5 5 A )  and one 

* On leave from the Institute of General and Inorganic Chemis- 
try, Bulgarian Academy of Sciences, 1040 Sofia, Bulgaria. 

0108-2701/87/112044-03501.50 

CdBr 4- (Cd--Br = 2-788 A) octahedral complexes lin- 
ked by hydrogen bonds. 

Introduction. Balarew, Duhlev & Panaiotov (1982)first 
reported the existence of the double salt CdMg 2- 
Br 6.12H20 in the system CdBr2-MgBrE-H20 at 298 K. 
This compound was subsequently predicted (Duhlev, 
1984; Duhlev & Balarew, 1987) to possess a structure 
[Mg(H20)6]E[CdBr 6] similar to [Mg(H20)6]E[CaC16] 
(Leclaire, Borel & Monier, 1980; Clark, Evans &Erd ,  
1980), [Mg(HEO)6]2[CdC16] (Led6sert & Monier, 
1981), and [Ni(H20)6]2[CdC16] (Leclaire & Borel, 
1982), where in each case the harder ligand, H20, is 
bonded to the harder cation and the softer one, the 

© 1987 International Union of Crystallography 


