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Refinement 

Refinement on F 2 
R[F 2 > 2~r(F2)] = 0.033 
wR(F 2) = 0.095 
S = 1.115 
1004 reflections 
33 parameters 
w = 1/[a2(Fo 2) + (0.0524P) 2 

+ 1.7690P] 
where P = (Fo 2 + 2F~)/3 

(A/o')max < 0.001 
Apmax = 1.27 e ~-3  
Apmin = -0 .94 e ,~-3 

Extinction correction: 
SHELXL97 

Extinction coefficient: 
0.026 (2) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter = 0.010 (16) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,3,2) 

Ueq = (l /3)Ei~jU~JaiaJai.aj. 

x y z Ueq 
Hgl 0 0 0 0.0329 (2) 
Znl - 1/2 0 1/4 0.0322 (3) 
CI -0.2730 (6) -0.0789 (6) -0.1170 ( 1 6 )  0.0262 (11) 
NI -0.3609 (5) -0.0490 (6) 0.012 (4) 0.0389 (13) 
SI -0.15323 (17) -0.12430 (t9) -0.3005 (5) 0.0362 (4) 

Table 2. Selected geometric parameters (A, °) 
Hgl--SI 2.5631 (19) CI--N1 1.180(12) 
Znl--NI 1.947(11) CI--SI 1.637(7) 

S1--HgI--SI' H 105.73 (5) NI--CI--SI 178.1 (7) 
S I - -HgI - -SI ,  117.25 (10) CI--N1--Znl 176.2 (11) 
NI--ZnI--NI'" 107.1 (4) C1--SI--Hgl 96.5 (3) 
NI--ZnI--NI w 114.3 (8) 

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

The largest peak in the difference map (1.27e,~, -3) is at 
(0.0917, 0.9756, 0.0025), 1.05,4, from Hg 1, and the largest hole 
(-0.94 e ,~-3) is at (0.0324,0.8843,0.0126), 1.33 ]k from Hgl. 

Data collection: XSCANS (Siemens, 1996). Cell refinement: 
XSCANS. Data reduction: SHELXTL (Bruker, 1997). Pro- 
gram(s) used to solve structure: SHELXS97 (Sheldrick, 1997a). 
Program(s) used to refine structure: SHELXL97 (Sheldrick, 
1997b). Molecular graphics: SHELXTL. Software used to pre- 
pare material for publication: SHELXTL. 
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Crystal Structures. University of Gtittingen, Germany. 

Sheldrick, G. M. (1997b). SHELXL97. Program for the Refinement of 
Crystal Structures. University of G6ttingen, Germany. 

Siemens (1996). XSCANS. X-ray Single Crystal Analysis Software. 
Version 2.2. Siemens Analytical X-ray Instruments Inc., Madison, 
Wisconsin, USA. 

Stahl, W. & Straumanis, M. (1944). Z. Phys. Chem. 193, 121-131. 
Straumanis, M. & Ence, E. (1936). Z. Anorg. Allg. Chem. 228, 334- 

340. 
Xu, D., Jiang, M. H., Tao, X. T. & Shao, Z. S. (1987). J. Synth. Cryst. 

16, I-7. 
Xu, D., Liu, M. G., Hou, W. B., Yuan, D. R. & Jiang, M. H. (1994). 

Mater. Res. Bull. 29, 73-79. 
Yamaguchi, T., Yamamoto, K. & Ohtaki, H. (1985). Bull. Chem. Soc. 

Jpn, 58, 3235-3241. 
Yuan, D. R., Xu, D., Fang, Q., Yu, W. T. & Jiang, M. H. (1997). 

Appl. Phys. Lett. 70, 544-546. 
Yuan, D. R., Zhang, N., Tao, X. T., Xu, D. & Jiang, M. H. (1990). 

Chin. Phys. Lett. 7, 334-336. 
Zyss, J. (1991). Non-Linear Opt. 1, 1-17. 

Acta Cryst. (1999). C55, 1205-1208 

Pentaamminenitrocobalt(III) hexafluoro- 
silicate(IV) at 293 and 150 K 

DMITRY YU. NAUMOV, a NATALIA E. KASHCHEEVA, b 

ELENA V.  BOLDYREVA a AND J t ;Drm A.  K.  HOWARD C 

'~lnstitute of  Solid State Chemistry, Russian Academy of  
Sciences, Kutateladze 18, Novosibirsk 630128, Russia, 
bNovosibirsk State University, Pirogova Street 2, Novosibirsk 
630090, Russia, and CDepartment of  Chemistry, University 
of  Durham, Science Laboratories, South Road, Durham 
DH1 3LE, England. E-mail: d.y.naumov @ iname, com 

(Received 18 Januar 3' 1999; accepted 26 April 1999) 

Abstract 
The authors thank the State Science and Technology The crystal structure of [Co(NO2)(NH3)5](SiF6) has 

Commission of China for a Key Research Project, and been determined at 293 and 150 K. The complex cations 
the Natural Science Foundation of China for support, in the structure are linked by N - - H . . . F  hydrogen bonds 

to the (SiF6) 2- anions and by N - - H . . - O  hydrogen 
Supplementary data for this paper are available from the IUCr bonds to other cations. The role of  these hydrogen bonds 
electronic archives (Reference: TA1243). Services for accessing these 
data are described at the back of the journal, and of  the repulsive O. • .F interactions in the anisotropy 

of  the structural distortion on cooling is discussed. 
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Comment 
Hydrogen bonds (N- -H. . .O ,  N--H. . .C1,  N - - H . . - B r  
and N- -H . . . I )  were shown to be important both for 
the formation of the crystal structures of a series 
of Co111-nitropentaammines and for the anisotropy of 
their structural distortion on cooling (Boertin, 1968; 
Boldyreva, 1996; Boldyreva & Podberezskaya, 1995; 
Boldyreva et al., 1997a,b; Cotton & Edwards, 1968; 
Kubota & Ohba, 1992). The title compound, (I), was 
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1206 [Co(NO2)(NH3)5](SiF6) AT 293 AND 150 K 

expected to have strong N ~ H . - . F  hydrogen bonds in 
the crystal structure. Our aim was to study the effect 
of these hydrogen bonds on the structure and on the 
anisotropy of its distortion on cooling. 

H3N °°° xx~xx N H3 . F/o,, I ,,~xF 

H3N NH3 F 

NO2 ..] 

(I) 

The packing of the [Co(NO2)(NH3)5] 2+ complex 
cations and (SiF6) 2- anions in the crystal structure of 
the title compound can be described as a distorted NaC1 
type (Frlec et al., 1980; Stanko & Paul, 1967), with 
chains of alternating cations and anions elongated along 
[001]. Within the chain, cations and anions are linked 
by N n H - - - F  hydrogen bonds [N. - -F  distances are 
in the range 2.936 (2)-3.201 (2 )A  at 293 K]. Different 
chains are linked to each other by N - - H - . . O  hydrogen 
bonds between complex cations [ N . . . O  distances are in 
the range 2.983 (3)-3.295 (3 )A  at 293 K]. As a result 
of such structural organization, the distance between 
the centroids of the nitro groups is noticeably shorter 
(4.435,4, at 293 K) than that in [Co(NO2)(NH3)5]C12 
(5.461 ,~ at 293 K) and [Co(NO2)(NH3)5]Br2 (5.574 A at 
293 K) (Boldyreva et al., 1997¢). Selected anion-cation 
hydrogen bonds are shown in Fig. 1. 

NI 

_ ~JCol  /___~N3 i I - - 

Fig. 1. The molecular structure of [Co(NO2)(NH3)5](SiF6) at 150 K. 
Displacement ellipsoids are plotted at the 50% probability level. 

On cooling to 150 K, the structure of (I) contracted 
anisotropically in the three axial directions, the direc- 
tion of minimum contraction [ -0 .275  (5)%] coincid- 
ing with the monoclinic b axis. The direction of min- 
imum contraction can be correlated with the repulsive 
O . . . F  interactions. The direction of maximum contrac- 
tion [ -0 .471  (3)%] can be correlated with high com- 
pressibility of the shortest N - - H - - - O  hydrogen bonds. 

The ellipsoids characterizing the anisotropic atomic 
displacements of one of the O atoms of the nitro 
ligand (02)  and of one of the F atoms of the (SiF6) 2- 
anion (F3) are strongly elongated along the b axis 

in comparison with that of the O1 atom, which can 
be explained by the existence of attractive N - - H . . . O  
hydrogen bonding and repulsive F - . -O  interactions. 

Fig. 2. A packing diagram of the structure of [Co(NO2)(NH3)51(SiF6) 
viewed along [010]. 

E x p e r i m e n t a l  

Crystals of [Co(NO2)(NH3)s](SiF6) were grown in a closed 
silicon-glass vessel from a saturated aqueous solution of 
[Co(NO2)(NH3)5](BF4)2 by slow infusion of (SiF6) 2- an- 
ions resulting from the interaction of the initial [Co(NO2)- 
(NH3)5](BF4)2 solution with glass. [Co(NO2)(NH3)5](BF4)2 
was synthesized by mixing stoichiometric solutions of AgBF4 
and [Co(NO2)(NH3)5]Br2. 

Compound (I) at 293 K 
Crystal data 

[Co(NO2)(NH3)5](SiF6) 
Mr = 332.20 
Monoclinic 
P21/m 
a = 6.5333 (2) ,~, 
b = 7.9424 (4) ,4, 
c = 10.2197 (4) ~, 
/3 = 100.966 (2) ° 
V 520.62 (4) A 3 
Z = 2  
Dx = 2.119 Mg m -3 
Dm not measured 

Mo Ka radiation 
A = 0.71073 ,~, 
Cell parameters from 1441 

reflections 
8 = 2.03-29.82 ° 
# = 1.852 mm-i 
1" = 293 (2) K 
Prism 
0.16 x 0.13 x 0.08 mm 
Brown 

Data collection 
Siemens SMART diffractom- 

eter 
to scans  
Absorption correction: 

analytical (XPREP; 
Siemens, 1995) 
Tmin = 0.773, Tmax = 0.871 

1280 reflections with 
I > 20-(/) 

Rint -" 0.036 
0max = 29.82 ° 
h = - 8  ---, 9 
k = - l l  --0 11 
l = -12  ~ 13 
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3703 measured reflections 
144 1 independent  reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2a(F2)] = 0.044 
wR(F 2) - 0.077 
S =  1.144 
1441 reflections 
92 parameters 
H atoms treated by a 

mixture of  independent  
and constrained refinement 

w = 1/[a2(Foe) + (0.0055P) 2 
+ 0.9782P] 

where P = (Foe + 2F2)/3 

Intensity decay: none 

( A / O ' ) m a x  < 0.001 
A p m a x  = 0.374 e ,~-3 
A p m i n  = - 0 . 5 1 6  e A, -3 
Extinction correction: 

SHELXL97 (Sheldrick, 
1997a) 

Extinction coefficient: 
0.0026 (14) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Tab le  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2 ) for  (I) at 293 K 

Ueq = (l/3)Ei~jUiJaia~ai.aj. 

x Y z Ueq 
Col 0.25814 (8) 1/4 0.28791 (5) 0.01550 (15) 
NI - 0 . 0 1 7 4  (5) 1/4 0.1645 (3) 0.0225 (7) 
N2 0.1622 (4) 0.0802 (4) 0.4023 (2) 0.0319 (6) 
N3 0.3502 (4) 0.0713 (3) 0.1795 (2) 0.0299 (6) 
N4 0.5264 (5) 1/4 0.4040 (3) 0.0235 (7) 
Ol 0.6895 (4) 1/4 0.3592 (3) 0.0331 (7) 
0 2  0.5381 (5) 1/4 0.5255 (3) 0.0566 (12) 
Sil 0.17336 (16) 1/4 -0 .18949  (10) 0.0183 (2) 
FI 0.4116 (4) I/4 - 0 . 0933  (3) 0.0369 (6) 
F2 0.2420 (3) 0.0987 (2) -0 .28803  (18) 0.0391 (5) 
F3 -0 .0697  (4) 1/4 - 0 . 2 8 2 0  (3) 0.0419 (7) 
F4 0.0979 (3) 0.1006 (2) -0 .09150  (18) 0.0411 (5) 

N3- -H3C.  • • F4 ii 0.86 2.45 3.200 (3) 146 
N 1 - - H I B .  • .O1 v 0.89 2.32 3.012 (4) 135 
N2--H2B.  • .O1 v 0.85 2.56 3.322 (4) 151 
N2--H2A.  • . 02  vi 0.85 2.58 3.272 (3) 140 

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

C o m p o u n d  (I) at  150  K 

Crystal data 

[Co(NO2)(NH3)5](SiF6) Mo Kc~ radiation 
Mr = 332.20 A = 0.71073 A 
Monoclinic Cell parameters from 1988 
P21/ m reflections 
a = 6.5034 (2) A 0 = 2.04-29.91 ° 
b = 7.9206 (3) A # = 1.872 m m -  
c = 10.1816 (4) A T =  150 (2) K 
/3 = 100.911 (2) ° Prism 
V =  514.98 (3) A3 0.16 × 0.13 × 0.08 m m  
Z = 2 Brown 
Dx = 2.142 Mg m -3 
Dm not measured 

Data collection 
Siemens SMART diffractom- 

eter 
03 s c a n s  

Absorption correction: 
analytical (XPREP; 
Siemens,  1995) 
Tmin -- 0.771, Tm~x = 0.869 

3841 measured reflections 
1441 independent  reflections 

1340 reflections with 
I > 20-(/) 

Rim = 0.028 
0max = 29.91 o 
h = - 8  ---~ 9 
k = - l l  --~ 11 
l =  - 1 2 - - ,  13 
Intensity decay: none 

Table  2. Selected geometric parameters (,4, °) for  (1) at 
293K 

C o I - - N I  1.992 (3) N4---O2 1.229 (5) 
C o l - - N 2  1.964 (2) Si I - - F I  1.675 (3) 
C o l - - N 3  1.964 (2) S i I - - F 2  1.6827 (18) 
C o l - - N 4  1.920 (3) S i I - - F 3  1.687 (3) 
N4----OI 1.237 (4) S i l - - F 4  1.6859 (19) 

C o l - - N 4 - - O I  121.4 (3) O 1--N4----O2 118.7 (3) 
Co 1--N4---O2 119.9(3) F 1 - - S i I - - F 2  91.57(11) 
N I - - C o I - - N 2  91.40 (10) F I - - S i l - - F 3  178.22 (16) 
N I----Col--N3 88.84 (10) F I - - S i I - - F 4  89.75 (10) 
NI- - - -Col - -N4 178.92 (15) F 2 - - S i I - - F 2  ~ 91.16 (15) 
N2- - -CoI - -N2  i 86.76 (17) F 2 - - S i I - - F 3  89.67 (10) 
N2- - -CoI - -N3  90.35 (I 1) F 2 - - S i l - - F 4  89.67 (10) 
N2- - -CoI - -N3  ' 177.10 (12) F 2 - - S i I - - F 4  i 178.42 (12) 
N2- - -CoI - -N4  89.38 (11) F 3 - - S i l - - F 4  88.98 (11) 
N3- - -CoI - -N3  i 92.55 (16) F4- - -S i I - -F4  i 89.47 (15) 
N3---Co l - - N 4  90.41 (10) 

S y m m e t r y  code:  (i) x, ½ - y, z. 

Table  3. Hydrogen-bonding geometry (A, o ) f o r  (I) at 
293 K 

D - - H -  • .A D - - H  H. • -A D. • .A D - - H .  • .A 
N I - - H  IA. • .F4 0.89 2.59 3.094 (4) 176 
N 1 - - H  I A. • • F4 i 0.89 2.22 3.094 (4) 168 
N 1- -H 1C. • • F4 ii 0.89 2.04 2.905 (2) 165 
N2--H2B.  • .F2" 0.85 2.38 3.030 (3) 134 
N2- -H2C.  • . F 2  m 0.85 2.31 3.111 (3) 157 
N2--H2A.  • • F3 ii 0.85 2.20 2.910 (3) 141 
N 3 - - H 3 B . . . F I  0.86 2.37 3.221 (4) 171 
N3--H3A.  • • FT v 0.86 2.16 3.005 (3) 168 
N3--H3B.  • • F4 0.86 2.35 2.950 (3) 128 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.031 
wR(F 2) = 0.063 
S = 1.135 
1441 reflections 
92 parameters 
H atoms treated by a 

mixture of  independent  
and constrained refinement 

w = 1/[o-2(Foe) + (0.0103P) 2 
+ 0.7537P] 

where e = (Fo e + 2F~)/3 

( m / O ' ) m a x  ( 0 . 0 0 1  

Apmax  = 0.413 e ~ - 3  
A p m i n  = - 0 . 3 7 9  e ~ - 3  
Extinction correction: 

SHELXL97 (Sheldrick, 
1997a) 

Extinction coefficient: 
0.0046 (13) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Tab le  4. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2 ) for  (1) at 150 K 

Ueq = (1/ 3 ) Ei ~j  l.pJ ai aY ai.aj. 

x y z U~q 
Col 0.25830 (5) 1/4 0.28798 (4) 0.00866 (11 ) 
NI -0 .0181  (3) 1/4 0.1644 (2) 0.0120(4) 
N2 0.1622 (3) 0.0800 (3) 0.40297 (19) 0.0288 (5) 
N3 0.3500 (3) 0.0708 (2) 0.17893 (18) 0.0204 (4) 
N4 0.5277 (4) I/4 0.4042 (2) 0.0139 (5) 
Ol 0.6917 (3) 1/4 0.3588 (2) 0.0188 (4) 
0 2  0.5394 (4) I/4 0.5267 (2) 0.0434 (8) 
Sil 0.17301 (1 I) 1/4 -0 .18937  (7) 0.01028 (16) 
FI 0.4123 (3) I/4 --0.09258 (17) 0.0205 (4) 
F2 0.2434 (2) 0.09832 (16) -0 .28858  (12) 0.0235 (3) 
F3 - 0 . 0 7 0 9  (3) 1/4 -0 .28305  (19) 0.0323 (5) 
F4 0.0959 (2) 0.09990 (17) -0 .09110  (12) 0.0247 (3) 
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Table 5. Selected geometric parameters (A, o) for (I) at 
150K 

Col--NI 1.990 (2) N4---O2 1.235 (3) 
Col--N2 1.9623 (19) SiI--FI 1.6769 (18) 
Col--N3 1.9629 (17) Sit--F2 1.6877 (13) 
Col--N4 1.920 (2) SiI--F3 1.6890 (19) 
N4----O1 1.240 (3) SiI--F4 1.6899 (13) 

CoI--N4---OI 121.29 (19) O1--N4--O2 118.9 (2) 
Col--N4---O2 119.81 (19) F1--SiI--F2 91.43 (7) 
N1--CoI--N2 91.47 (7) F l - lS i l - -F3  178.43 (10) 
N I---Col--N3 88.68 (7) FI---SiI--F4 89,90 (7) 
N t---Col--N4 178.86 (10) F2--SiI--F2 i 90.77 (10) 
N2---CoI--N2 ~ 86.63 (14) F2--SiI--F3 89.67 (7) 
N2----Co I--N3 90.38 (9) F2--Si I--F4 89.89 (7) 
N2----CoI--N3 i 177.01 (9) F2--SiI--F4' 178.50 (8) " 
N2---Col--N4 89.36 (8) F3--Si I--F4 88.98 (7) 
N3--Col--N3 i 92.60 (12) F4'--SiI--F4 89.42 (10) 
N3--Col--N4 90.53 (7) 

Symmetry code: (i) x, ½ - y, z. 

o 

Table 6. Hydrogen-bonding geometry (A, o) for  (I) at 
150K 

D - - H . . A  
NI--HIA- -F4 
NI--HIA. -F4 i 
N 1--H 1 C . . F 4  ii 

N2--H2B. • F 2  ii 

N2--H2C. " F 2  iii 

N2--H2A. .F3 ii 
N3--H3B. .F1 
N3--H3A. .F2 iv 
N3--H3B- -F4 
N3--H3C- " F 4  ii 

N1--H1B. -O1 v 
N2--H2B- .O 1 v 
N2--H2A- -O2 vi 

Symmetry 
1 - -  x ,  - - y ,  

D--H H.. .A D.. .A 
0.89 2.54 3.076 (2) 
0.89 2.19 3.076(2) 
0.89 2.03 2.8897 (14) 
0.86 2.36 3.024 (2) 
0.86 2.28 3.088 (2) 
0.86 2.19 2.899 (2) 
0.87 2.34 3.201 (2) 
0.87 2.13 2.986(2) 
0.87 2.34 2.936 (2) 
0.87 2.41 3.171 (2) 
0.89 2.32 2.983 (3) 
0.86 2.52 3.295 (3) 
0.86 2.54 3.254 (3) 

D--H.  
120 
169 
161 
134 
158 

..A 

140 
172 
169 
126 
148 
131 
1450 
141 

codes: (i) x, ½ - y, z; (ii) - x , - y ,  - z ;  (iii) x, y, 1 + z; (iv) 
- z ;  (v) x - 1, y, z; (vi) 1 - x, - y ,  1 - z. 

H atoms were located from a difference electron-density map. 
The positions of the H atoms were refined as rotating ammine 
groups with fixed C o - - N - - H  angles and free N- -H bond 
lengths. 

For both compounds, data collection: SMART (Siemens, 
1994a); cell refinement: SAINT (Siemens, 1994b); data reduc- 
tion: SAINT; program(s) used to solve structures: SHELXS97 
(Sheldrick, 1997b); program(s) used to refine structures: 
SHELXL97 (Sheldrick, 1997a); molecular graphics: SHELXTL 
(Siemens, 1994c); software used to prepare material for pub- 
lication: SHELXL97. 
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Abstract  

The crystal structure of the title compound, Rb2AgC13, 
consists of polymeric [AgC13] 2- anions composed of 
comer-sharing slightly distorted AgC14 tetrahedra, with 
Rb + ions situated between the chains. 
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C o m m e n t  

Compounds of the type R2MX 3 (R is a mono- 
valent cation), such as K2AgI3 (Brink & Kroese, 
1952), K2CuC13 (Brink & MacGillavry, 1949) and 
(NH4)2CuX3 (X = C1, Br; Brink & van Arkel, 1952), 
have been studied previously and found to be of 
three closely related structural types (Brink Shoemaker, 
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