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O5--Ni---OI 176.75 (8) N2---C4--C5 113.9 (3) 
O6---Ni--Oi 87.63 (8) C6--C5--C4 114.8 (3) 
O3--S---O4 110.98 (13) N3---C6--C5 111.8 (3) 
O3--S---O2 110.59 (12) 

Table  3. Hydrogen-bonding 

D--H. .A 
N2--H(N2A)- .04 
N3--H(N3B). .03 
O5--H(O5A)..04 ~ 
O6----H(O6B)..O2 i 
O 7 - - H ( O 7 B ) -  .O2  i 
N I--H(NIB)" "O6 ii 
O 6 - - - H ( O 6 A ) .  "Of  ii 
O7--H(O7A). "O3 'ii 
NI--H(NIA)..O7 iv 

geometry (,~, o) 

H. • -A D. • .A 
2.24 (2) 3.075 (3) 
2.24 (3) 3.048 (3) 
1.91 (4) 2.763 (4) 
1.90 (3) 2.724 (3) 
2.05 (3) 2.823 (4) 
2.28 (3) 3.131 (3) 
1.87 (3) 2.711 (3) 
1.97 (4) 2.791 (4) 
2.37 (3) 3.111 (4) 

O5--H(O5B)..07 ~" 1.88 (3) 2.741 (3) 
Symmetry codes: (i) 1 +x,y, z; (ii) -x ,  -y ,  1 - z ;  (iii) -x ,  1 

(iv) l - x , - y , l - z .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: Lll131). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 

Table  4. A comparison o f  N i - -N(pr imary / secondary)  
distances (,~) and N ( p r i m a r y ) - - N i - - N ( p r i m a r y )  bond 

angles (o) in octahedral NiII-triamine complexes 

Ni--N(pr.) Ni--N(sec.) 
Ni(dpt)2- 2.12 (2)-2.17 (2) 2.22 (2)-2.23 (2) 
(C104)2" 

[Ni(dpt)(H20)2- 2.084 (2)-2.099 (3) 2.088 (2) 170.0 (1) 
(SO4)l.H2Ot 

[Ni(dien)2]- 2.096 (1)-2.134 (1) 2.110 (1) 92.6 (1) 
(NCS)2:[: 

[Ni(NCO)2- 2.152 (2)-2.165 (2) 2.047 (3) 154.8 (1) 
(terpy)(H20)]§ 

[Ni(bamp)2]- 2.128 (3)-2.168 (3) 2.001 (3)-2.025 (3) 157.1 (1)-159.1 (1) 
C12.1.67H20¶ 

* Biagini & Cannas (1970). 
t This work. 
:~ dien = diethylenetriamine; Mukherjee et al. (1994). 
§ terpy = 2,2t:6',2"-terpyridine; Cortes et al. (1988). 
¶ bamp = 2,6-bis(aminomethyl)pyridine; Bonhote, Ferigo, Stoeckli- 

Evans & Marty (1993). 

The metal position was obtained from a Patterson synthesis 
and the remaining non-H atoms were located by successive 
Fourier difference syntheses. The structure was refined on 
F 2 by full-matrix least squares with anisotropic displacement 
parameters for non-H atoms. All H atoms were clearly visible 
in a difference map computed in the final stage of refinement 
and refined isotropically. All calculations were performed 
using a VAX 3400 computer at the Computer Center, Indian 
Association for the Cultivation of Science. 

Data collection: SHELXTL (Sheldrick, 1985b). Cell refine- 
ment: SHELXTL. Data reduction: SHELXTL. Program(s) used 
to solve structure: SHELXS86 (Sheldrick, 1985a). Program(s) 
used to refine structure: SHELXL93 (Sheldrick, 1993). Molec- 
ular graphics: ORTEPII (Johnson, 1976). Software used to 
prepare material for publication: SHELXL93. Program(s) used 
for geometric calculations: PARST (Nardelli, 1983). 
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F inanc ia l  ass is tance  f rom the Counc i l  o f  Scient i f ic  and 
Industr ia l  Resea rch ,  N e w  Delhi ,  India ,  is g ra te fu l ly  

a c k n o w l e d g e d .  

©1995 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

D--H. • .A 
161 (3) References 
155 (3) Biagini, S. & Cannas, M. (1970). J. Chem. Soc. A, pp. 2398-2408. 
172 (4) 
167 (3) Bonhote, P., Ferigo, M., Stoeckli-Evans, H. & Marty, W. (1993). Acta 
153 (4) Cryst. C49, 2102-2107. 
172 (3) Cortes, R., Arriortua, M. I., Rojo, T., Mesa, J. L., Solans, X. & Beltran, 
159 (4) D. (1988). Acta Cryst. C44, 986-990. 
165 (4) Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354-1358. 
144 (3) Halfpenny, M. T., Levason, W., McAuliffe, C. A., Hill, W. E. & 
175 (4) McCullough, F. P. (1979). Inorg. Chim. Acta, 32, 229-233. 
- y ,  1 - z; Ihara, Y., Fukuda, Y. & Sone, K. (1987). Inorg. Chem. 26, 3745-3750. 

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 
National Laboratory, Tennessee, USA. 

Koner, S., Pariya, C. & Ray Chaudhuri, N. (1993). Thermochim. Acta, 
219, 261-268. 

Mukherjee, A. K., Koner, S., Ghosh, A., Ray Chaudhuri, N., 
Mukherjee, M. & Welch, A. J. (1994). J. Chem. Soc. Dalton Trans. 

N(pr.)--Ni--N(pr.) pp. 2367-2371 
Nardeili, M. (1983). Comput. Chem. 7, 95-98. 

175.5 (3)--176.9 (3) North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. 
A24, 351-359. 

Pariya, C., Ghosh, S., Ghosh, A., Mukherjee, M., Mukherjee, A. K. & 
Ray Chaudhuri, N. (1995). J. Chem. Soc. Dalton Trans. pp. 337- 
342. 

Pariya, C. Ghosh, A. & Ray Chaudhuri, N. (1995). Thermochim. Acta. 
249, 199-210. 

Sheldrick, G. M. (1985a). SHELXS86. Program for the Solution of 
Crystal Structures. Univ. of G6ttingen, Germany. 

Sheldrick, G. M. (1985b). SHELXTL User's Manual. Revision 5.1. 
Nicolet XRD Corporation, Madison, Wisconsin, USA. 

Sheldrick, G. M. (1993). SHELXL93. Program for Crystal Structure 
Refinement. Univ. of G6ttingen, Germany. 

Acta Cryst. (1995).  C51,  1545-1547  

Tris(2,2'-bipyridine)zinc(II) Perchlorate 

XIAO-MING CHEN, RuI-QIN WANG AND XIAO-LAN Y u  

Department  o f  Chemistry, Zhongshan University, 
135 Xingang Rd. W., Guangzhou 510275, 
People's Republic o f  China 

(Received 31 May 1994; accepted 5 January 1995) 

A b s t r a c t  

The  crystal  s t ructure  o f  t r i s (2 ,2 ' -b ipyr id ine)z inc( I I )  per-  
ch lora te ,  [Zn(C10HsN2)3](C104)2,  has  been  es tab l i shed  
by X-ray  c rys ta l lography .  T h e  Zn  II a tom is c o o r d i n a t e d  

by three che la t ing  2 ,2 ' -b ipyr id ine  l igands  in a h igh ly  dis-  
tor ted oc tahedra l  a r r a n g e m e n t  wi th  Z n - - N  bond  lengths  

rang ing  f rom 2.135 (2) to 2 .172 (3) ~,. 
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1546 [Zn(CIoH8N2)3 ](C104)2 

Comment 
In an attempt to synthesize a zinc(II) complex containing 
both 2,2'-bipyridine (bpy) and carbonato ligands, we ob- 
tained an unusual #3-carbonato-bridged trinuclear zinc 
complex [Zn3(bpy)6(CO3) (H20)2](CIO4)a(bpy) .2H20,  
along with some pink polyhedral crystals which were 
isolated as a minor product (Chen, Deng, Wang & 
Xu, 1995). The latter pink compound has been char- 
acterized by elemental analysis as the monomeric com- 
plex [Zn(bpy)3](CIO4)2, (I). We report here the single- 
crystal structure of  this complex. 

angles are seen for the chelating bpy ligands. It is 
notable that the pyridine rings of the bpy ligand 
that is bisected by the twofold axis are significantly 
non-coplanar, with a dihedral angle between them of ca 
17 ° , markedly smaller than that (ca 29 ° ) of  the uncoor- 
dinated bpy molecule found in the crystal structure of  
the trinuclear zinc complex (Chen et al., 1995). The non- 
coplanarity of  this bpy ligand results in the significantly 
larger intraligand binding angle N - - Z n - - N  [88.1 (1) °] 
in comparison to the other N - - Z n - - N  angles [75.8 (1) 
and 77.2 (1) °] in the structure. 

(C104) 2 

The crystal structure of [Zn(bpy)3](C104)2 is com- 
posed of monomeric [Zn(bpy)3] 2+ cations and perchlo- 
rate anions. As illustrated in Fig. 1, the metal atom, be- 
ing located at Wyckoff  position 4e of  symmetry  2, is sur- 
rounded by six N atoms from three chelating bpy ligands 
in a highly distorted octahedral arrangement  with Z n - -  
N bond lengths ranging from 2.135 (2) to 2 . 1 7 2 ( 3 ) A ,  
significantly longer than those (1 .932-2.089 ,~,) found 
for the analogous cations [Co(bpy)3] 3+ (Yanagi, Ohashi,  
Sasada, Kaizu & Kobayashi ,  1981), [Fe(bpy)3] 3+ (Fig- 
gis, Skelton & White, 1978) and [Ni(bpy)3] 2+ (Wada, 
Ka tayama & Tanaka, 1976). The most distorted bond 
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C(20i) ( ~  
N(21 i) 

N(12) Zn(]) 
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Fig. I. ORTEX drawing (McArdle, 1993) of the [Zn(bpy)3] 2+ cation 
with 45% probability displacement ellipsoids [symmetry code: 

I __ Z]. (i) - x ,  y, 

Experimental 
Crystal data 

[Zn(C10H8N2)3 ](CIO4)2 Mo Kc~ radiation 
Mr = 732.8 A = 0.71073/~ 
Monoclinic Cell parameters from 25 
C2/c reflections 
a = 17.473 (3),~, 0 = 15-23 ° 
b = 10.926 (2) ,~, /.t = 1.034 mm -1 
c = 16.163 (3) ,~, T = 295 K 
/3 = 91.17 (3) ° Polyhedral 
V = 3085 (1),~3 0.42 × 0.40 × 0.36 mm 
Z = 4 Pink 
Dx = 1.578 Mg m -3 

Data collection 
Siemens R3m/V diffract- 

ometer 
w scans 
Absorption correction: 

~b scan (Kopfmann & 
Huber, 1968) 
Tmin = 0.467, Tmax = 
0.562 

3678 measured reflections 
3566 independent reflections 

Refinement 

Refinement on F 
R = 0.0470 
wR = 0.0646 
S = 2.05 
2763 reflections 
213 parameters 
H-atom parameters not 

refined 

2763 observed reflections 
IF _> 6o'(F)] 

Rint = 0 .0212  

0ma x = 27.5 ° 
h = 0 ---, 22 
k = 0 ---* 14 
l = - 2 0  ~ 20 
2 standard reflections 

monitored every 120 
reflections 

intensity decay: 1.5% 

w = l / [o '2(F)  + 0 . 0 0 0 5 F  2] 

(m/o')max < 0.001 
mpmax = 0.38 e A -3 
mpmin = - 0 . 6 0  e A -3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
( 1974, Vol. IV) 

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

Ve~ = (l/3)E,E#oa,.*%'a,.aj. 

x y z Ue~ 
Zn(1) 0 0.0273 (1) i/4 0.041 (1) 
N(II) -0.0633 (1) -0.1152 (2) 0.1853 (I) 0.044 (1) 
N(12) -0.1021 (1) 0.0027 (2) 0.3225 (2) 0.045 (1) 
C(10) -0.0427 (2) -0.1699 (3) 0.1149 (2) 0.053 (1) 
C(I 1) -0.0825 (2) -0.2659 (3) 0.0792 (2) 0.060 (I) 
C(12) -0.1459(2) -0.3083(3) 0.1186(2) 0.070(1) 
C(13) -0.1677 (2) -0.2550 (3) 0.1917 (2) 0.064 (1) 
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C(14) -0.1253 (2) -0.1578 (3) 0.2239 (2) 0.045 
C(15) -0.1447 (2) -0.0950 (3) 0.3022 (2) 0.043 
C(16) -0.2037 (2) -0.1337 (3) 0.3523 (2) 0.056 
C(17) -0.2188 (2) -0.0692 (3) 0.4238 (2) 0.062 
C(18) -0.1766 (2) 0.0325 (3) 0.4435 (2) 0.059 
C(19) -0.1185 (2) 0.0669 (3) 0.3910 (2) 0.055 
N(21) 0.0422 (1) 0.1800 (2) 0.3196 (2) 0.043 
C(20) 0.0797 (2) 0.1736 (3) 0.3939 (2) 0.051 
C(21) 0.0911 (2) 0.2738 (3) 0.4434 (2) 0.056 
C(22) 0.0655 (2) 0.3862 (3) 0.4156 (2) 0.061 
C(23) 0.0299 (2) 0.3958 (3) 0.3381 (2) 0.056 
C(24) 0.0193 (2) 0.2901 (2) 0.2916 (2) 0.041 
CI(I) 0.3241 (I) -0.0087 (1) 0.3642 (1) 0.061 
O(1) 0.3360 (2) -0.0728 (4) 0.2919 (2) 0.124 
0(2) 0.2499 (2) 0.0451 (3) 0.3623 (2) 0.103 
0(3) 0.3812 (2) 0.0834 (4) 0.3734 (3) 0.133 
0(4) 0.3315 (2) -0.0861 (5) 0.4326 (2) 0.151 

Table 2. Selected geometric parameters (,~,, o) 
Zn(I)--N(11) 2.166 (2) 
Zn(I)--N(21) 2.135 (2) 
N ( l 1 )--C(I 4) 1.345 (4) 
N(12)---C(19) 1.346 (4) 
C(I 1)---C(I 2) 1.370 (5) 
C(13)--C(14) 1.390 (5) 
C( i 5)---C(16) 1.390 (4) 
C(17)---C(18) 1.368 (5) 
N(21 )----C(20) 1.359 (4) 
C(20)---C(21) 1.367 (5) 
C(22)---C(23) 1.392 (5) 
C(24)---C(24') 1.492 (5) 

N(I I)--Zn(I)---N(I 2) 75.8(1) 
N(12)---Zn(1)--N(21) 95.2 (1) 
N(I 2)---Zn(l )---N(I 1') 93.9(1) 
N(I 2)---Zn(1)--N(I 2') 165.8 (1) 
N(21)---Zn(I)---N(21 ~) 77.2 (1) 
Zn(I)---N(I 1)--C(14) 115.7 (2) 
Zn( 1 )---N( 12)---C(19) 124.7 (2) 
Zn(1)--N(21)--C(24) 115.2(2) 
C(15)---N(12)--C(19) 119.4(3) 
C(10)---C(I I)--C(I 2) 117.9(3) 
C(I 2)---C( 13)---C(14) 119.3 (3) 
N ( 11 )---C( 14)---C(15) i15.8 (2) 
N(i 2)---C(15)---C(14) 116.2 (2) 
C(14)--C(15)---C(16) 122.8 (3) 
C(16)---C(I 7)--C(! 8) 119.8 (3) 
N(I 2)--C(19)---C(18) 122.1 (3) 
N(21 )---C(20)---C(2 ! ) 122.5 (3) 
C(21 )--C(22)---C(23) 119.8 (3) 
N (21 )----C(24 )---C(23) 121.8 (3) 
C(23)--C(24)--C(24 ~ ) 122.7 (2) 

(1) References 
(1) Chen, X.-M., Deng, Q.-Y., Wang, G. & Xu, Y.-J. (1955). Polyhedron, (l) 
(1) 13, 3085-3089. 
(1) Fan, H.-F., Yao, J.-X., Zheng, C.-D., Gu, Y.-X. & Qian, J.-Z. (1991). 
(1) SAPI91. Structure Analysis Program with Intelligent Control. 
(1) Institute of  Physics, Academia Sinica, Beijing, People's Republic 
(1) of China. 
(1) Figgis, B. N., Skelton, B. W. & White, A. H. (1978). Aust. J. Chem. 
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(1) Kopfmann, G. & Huber, R. (1968). Acta Cryst. A24, 348-351. (1) 
(1) McArdle, P. (1993). J. Appl. Cryst. 26, 752. 
(2) Sheidrick, G. M. (1993). SHELXL93. Program for Crystal Structure 
(I) Refinement. Univ. of  G6ttingen, Germany. 
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Zn( 1 )---N(12) 2.172 (3) 
N(I I)---C(10) 1.341 (4) 
N(12)---C(I 5) 1.339 (4) 
C( 10)---C( 11 ) 1.379 (5) 
C(I 2)---C(13) 1.377 (5) 
C(14)---C(15) 1.485 (4) 
C(16)---C(17) 1.384 (5) 
C(I 8)---C(19) 1.389 (5) 
N(21 )----C(24) 1.343 (4) 
C(21 )---C(22) 1.379 (5) 
C(23)----C(24) 1.388 (4) 

N(I I)---Zn(I)---N(21) 169.5 (1) 
N(I 1 )----Zn(l )--N( I 1') 88.1 (1) 
N(21)--Zn(I)--N(I I') 98.1 (1) 
N(12)---Zn(1)---N(21 i) 95.9 (1) 
Zn(I)--N(I I)--C(10) 125.9 (2) 
Zn(l )--N(I 2)---C(15) 115.1 (2) 
Zn( 1 )--N(21 )----C(20) 125.5 (2) 
C( 10)---N(I 1 )---C(14) 118.2(3) 
N(I 1 )---C(I 0)---C( 11 ) 123.5 (3) 
C( 11 )----C(I 2)---C(13) 119.8 (3) 
N(I 1)--C(14)---C(13) 121.3 (3) 
C(I 3)--C(14)--C(15) 122.9 (3) 
N( 12)----C( 15)---C(16) 121.0(3) 
C( 15)---C(16)---C(17) 119.3 (3) 
C(I 7)---C(18)---C(19) 118.4(3) 
C(20)---N(21 )----C(24) 118.6 (2) 
C(20)---C(21)---C(22) 118.7 (3) 
C(22)---C(23)---C(24) 118.4 (3) 
N(21 )----C(24)--C(24') 115.4 (2) 

Symmetry code: (i) - x ,  y, ½ - z. 

A crys ta l  o f  su i table  size was  cut  and m o u n t e d  on a g lass  fibre 
fo r  data  col lec t ion .  Lp  cor rec t ions  we re  appl ied.  The  s t ructure  
w a s  so lved  by  direct  m e t h o d s  us ing  SAPI91 (Fan,  Yao, Zheng ,  
G u  & Qian,  1991) and ref ined an i so t rop ica l ly  wi th  SHELXL93 
(She ldr ick ,  1993).  The  H a toms  were  gene ra t ed  geome t r i c a l l y  
( C - - H  0 .96  A,), a s s igned  isot ropic  d i s p l a c e m e n t  pa rame te r s  
and  inc luded  in s t ruc ture - fac to r  ca lcula t ions .  
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from the State Education Council of China for Returned 
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Lists of  structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: JZ1001). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract 
In the title compound, [_Hg{(CH3)2SO}6](CF3SO3)2, the 
discrete cations have 3 symmetry. For the octahedral 
HgO6 kernel, the compression ratio and polar angle 
are 1.39 and 58.1 ° , respectively. Within the cations, 
intramolecular Hg. . .H distances range from 4.00 to 
5.48 ,~,, while there are no intermolecular Hg. . .H dis- 
tances shorter than 4.34/~,. 

Comment 
The title compound, (1), was first synthesized by 
Peringer (1980). Its physical, chemical and NMR- 
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