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diff+rence entre les deux structures r+side dans la 
localisation des atomes d'hydrog+ne des groupements 
hydroxyles. 

Pour KTeO3(OH) il y a une seule possibilit~ car une 
seule distance O - O  = 2,48 A convient /l l'existence 
d'une liaison O H - O ,  forte. Par contre, cette locali- 
sation est plus difficile dans le cas de NH4TeO3(OH) 
car il existe deux distances O - O  voisines O(1) -O(1)  = 
2,535 A e t  0 ( 4 ) - 0 ( 4 )  = 2,506 A mettant en jeu des 
atomes d'oxyg6ne d'octa~dres diff+rents. 

Ces couples d'atomes d'oxyg~ne +tant constitu+s 
d'atomes ~quivalents, la seule localisation possible des 
atomes d'hydrog~ne est en position particuli+re sur les 
centres d'inversion 1 1 ] l (~,~,0 et ~,0,~) faisant correspondre 
respectivement les deux atomes O(1) et 0(4). Dans ces 
conditions, il y aurait formation de ponts d'hydrog~ne 
O .  • • H.  •. O (Fig. l) sym6triques avec consolidation de 
la cohesion entre chaine (TeO4)n. 

Pour v6rifier cette hypoth6se nous avons 
entrepris une 6tude compl6mentaire par spectrom6trie 
infrarouge. Le spectre obtenu ne pr~sente pas de 
bandes d'absorption caract+ristiques de T e - O H  
comme dans H2Te2OaF 4 (Jumas, Maurin & Philippot, 
1976) avec 6 ( T e - O - H )  = 1120 cm -1 et deux 
6 ( T e - O - H )  = 2238 cm -~. Par contre, on note entre 
1900 et 800 cm -l une absorption attribuable /t la 

vibration de valence de la liaison hydrog~ne courte 
Vas(O--H--O ) avec un centre de gravit~ vers 1250 cm-k  
Cette particularit~ caract~rise (Roziere, 1973) une 
liaison hydrog~ne courte et sym~trique et confirme la 
localisation propos~e des atomes d'hydrog~ne. 
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Abstract .  [Co(NSF)6I(AsF6) 2, M r = 827.17, mono- 
clinic, P2~/n, a = 13.105 (9), b ' =  9.201 (7), c = 
9-366 (6) A, fl = 90.43 (4) ° , U =  1129 A 3, Z = 2, D x 
= 2.432 Mg m -3, /t = 4.3 mm -~ (Mo Ka). R = 0. 104 
for 1296 unique observed reflexions. The Co atom lies 
at the origin and is octahedrally coordinated. The S - N  
and S - F  distances are much shorter than in free NSF, 
but the N - S - F  angle is not greatly altered. 

Introduct ion.  The unstable thionitrosyl fluoride, NSF, 
can be stabilized by its incorporation as a ligand in 
transition-metal complexes. We report here the struc- 
ture of the Co lI derivative. A preliminary note has 
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appeared (Buss, Jones, Mews, Noltemeyer & Sheldrick, 
1979). 

Black crystals were obtained from liquid SO 2 and 
sealed in glass capillaries. A crystal 0.5 x 0.5 × 0.5 
mm was used to collect data on a Syntex P21 
diffractometer with monochromated Mo Ka radiation. 
3314 reflexions were collected in the range 3 < 20 < 
55°; after application of Lp and empirical absorption 
corrections, averaging equivalent reflexions gave 1296 
reflexions with F > 3e(F).  

All attempts to solve the structure in space group 
P21/n were unsuccessful. Application of direct methods 
in P2~, with the program X C S D  and renormalized E 
values to allow for weak parity groups, gave three 
peaks interpreted as Co and two As atoms. The 
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Table 

HEXAKIS(THIONITROSYL FLUORIDE)COBALT(II) HEXAFLUOROARSENATE 

1. Atom coordinates (xl04) and effective 
isotropic temperature factors (A 2 x 103) 

x y z U 

As(l) 2456 (1) --502 (2) 5041 (2) 58 
F ( l l )  2635 (17) 867 (14) 3989 (13) 204 
F(12) 3689 (9) -734  (20) 5192 (17) 207 
F(13) 2343 (16) -1946 (17) 6046 (14) 198 
F(14) 1229 (8) -308 (20) 4902 (17) 202 
F(15) 2449 (12) -1603 (12) 3606 (11) 128 
F(16) 2465 (8) 597 (13) 6480 (11) 123 
Co(l) 0 0 0 38 
S(1) 364 (3) 2046 (5) -3079 (4) 62 
S(2) 364 (4) -3124 (5) -2032 (5) 69 
S(3) 2604 (3) 44 (6) 753 (5) 77 
N(1) 276 (9) 1144 (14) -1883 (12) 58 
N(2) 298 (9) -1936 (14) -1104 (12) 61 
N(3) 1538 (8) 126 (16) 569 (12) 66 
F(1) -277 (8) 3508 (10) -3034 (12) 105 
F(2) -332  (10) -3007 (13) -3406 (10) 120 
F(3) 3207 (8) -509 (17) -559 (l 1) 154 

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

1.617 (12) As(l)-F(14) 1.622 (10) 
1.635 (1 l) As(1)-F(15) 1.683 (10) 
1.636 (14) As(l)-F(16) 1.685 (10) 
2.088 (1 l) Co(1)-N(2) 2.098 (12) 
2-084 (10) N(I)-S(1) 1-400 (l l) 
1.400 (1 l) N(3)-S(3) 1.408 (l 1) 
1.587 (10) S(2)-F(2) 1.575 (10) 
1.552(11) 

(10) F(11)-As(1)--F(13) 175.8 (10) 
(10) F(11)-As(1)-F(15) 89-0 (6) 
(6) F(I 2)-As(I)--F(I 3) 86-4 (10) 
(I0) F(12)-As(I)-F(15) 89.4 (7) 
(6) F(13)-As(1)-F(14) 92.4 (10) 
(7) F(I 3)-As(I)--F(16) 91.6 (6) 
(7) F(14)-As(I)-F(16) 90-0 (6) 
(2) 
(5) N(1)-Co(I)-N(3) 90.8 (5) 

N(I)-Co(I)-N(2 ~) 91-3 (5) 
(5) N(2)-Co(I)-N(3) 89-4 (5) 

N(2)-Co(1)-N(3 ~) 90.6 (5) 
N(I)-S(I)-F(I) 115.8 (7) 

(8) N(3)---S(3)-F(3) 115.5 (7) 
(9) Co(1)-N(2)-S(2) 169.1 (9) 
(9) 

As(l)-F(l 1) 
As(1)-F(12) 
As(l)-F(13) 
Co(1)-N(l) 
Co(I)-N(3) 
N(2)-S(2) 
S(I)-F(1) 
S(3)-F(3) 

F(11)--As(1)-F(12) 90.4 
F(l l)-As(1)-F(14) 90.8 
F(l l)-As(l)-F(16) 91-1 
F(12)-As(1)-F(14) 178.8 
F(12)-As(I)-F(16) 90.5 
F(13)-As(I)-F(15) 88-3 
F(14)-As(1)-F(15) 90.2 
F(15)-As(I)-F(16) 180.0 
N(1)-Co(I)--N(2) 88.7 
N(I)--Co(1)-N(1 ~) 180.0 
N(I)-Co(1)-N(3 ~) 89.2 
N(2)--Co(1)-N(2 ~) 180.0 
N(3)-Co(I)-N(3 ~) 180.0 
N(2)-S(2)-F(2) 114.6 
Co(l)-N(1)-S(1) 172.3 
Co(1)-N(3)-S(3) 170.0 

Symmetry transformation: (i) - x , - y , - z .  

complete structure was generated from these atoms by 
successive difference maps in P2~, after which it was 
transformed back to P2~/n for the final refinement. The 
final R = 0.104 (all atoms anisotropic), with R' = 
Z wl/2A/~ wl/21Fo I = 0-073. The weighting scheme 
was w = 1/tr2(F), which gave mean wA 2 independent of 
I Fol or sin 0. [The earlier reported R of 0.083 (Buss et 
al., 1979) was for reflexions with F > 4tr(F); the 
inclusion of weaker reflexions gave marginally 
improved e.s.d.'s for positional parameters.] Final 
atomic parameters are given in Table 1,* bond lengths 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 34831 (8 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

Fig. 1. Thermal-ellipsoid plot of the [Co(NSF)6F + cation. 

and angles in Table 2. A diagram of the structure is 
given in Fig. 1. 

Discussion. The determination confirms the cation as 
[ C o ( N S F ) 6  ]2+. The Co atom lies at the origin and the 
cation is thus centrosymmetric; the bond angles at Co 
approximate closely to octahedral values. The most 
notable feature of the structure is the shortening of the 
N - S  and N - F  bonds from 1.446, 1.646 ,A, respec- 
tively in the free ligand [determined by microwave 
spectroscopy; Kirchhoff & Wilson (1963)] to average 
values of 1.403 (l 1), 1.571 (l l) A in the complex. 
These S - N  bonds are the shortest yet reported. The 
N - S - F  angle [116.5° in the free ligand, average 
115.3 (7) ° in the complex[ does not alter appreciably 
on complex formation. A possible explanation is that 
the Co atom withdraws zr-electron density, reducing 
interelectronic repulsions and hence shortening the 
S - N  bond relative to the free ligand. The angles at N 
are approximately linear [average 170.5 (8)°]. 

As may be seen from Fig. 1, the S and N atoms 
show almost isotropic thermal motion, whereas the F 
atoms are appreciably anisotropic. This indicated that a 
considerable librational shortening would only be 
expected for the S - F  bonds. Reliable librational 
corrections are difficult (in this case), because the low 
deformation frequencies of the ligands invalidate the 
usual rigid-body assumptions. 

We thank the Nieders~ichsisches Zahlenlotto for 
their support and the University of Cambridge for use 
of a diffractometer. 
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