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Abstract 
The title compound, [HgBre(C10HsN2)],,, was obtained 
by mixing equimolar ethanolic solutions of mercuric 
bromide and 4,4'-bipyridine (4,4'-bipy). The bipy ligand 
acts as a linear bifunctional bridge forming a planar 
{-[Hg(4,4'-bipy)]-},, belt in the direction of the a axis. 
The remaining mercury coordination sites are occupied 
by Br- ions which link Hg centres in neighbouring belts 
via double bridges to form extended two-dimensional 
layers. 

Comment 
There has been significant interest recently in metal 
complexes containing 4,4'-bipyridine (4,4'-bipy). The 
rod-like rigidity of this ligand leads to metal complexes 
which are often extended solids with topological struc- 
tures. Three types of polymer structure formed by 4,4'- 
bipy can be summarized as follows: 

(i) each metal ion is connected by two bridging 
4,4'-bipy ligands to form one-dimensional [M(4,4'- 
bipy)],, polymeric chains, for example, {[Ni(4,4'-bipy)- 
(C5H9OS2)2].2CC14}, (Gable et al., 1985), [Cd(4,4'- 
bipy)(C4Hl7OS2)2], (Abrahams et al., 1990), [Cu(4,4'- 
bipy)(H20)2(C104)2],,.n(4,4'-bipy) (Chen et al., 1996), 
[Cu(4,4'-bipy)(2,2'-bipy)(CIO4)2],, (Chen et al., 1992) 
and [Co(NCS)2(HzO)2(4,4'-bipy)].(4,4'-bipy) (Lu et al., 
1997). In the last two of these, the one-dimensional 
chains are connected by hydrogen bonding involving 
uncoordinated 4,4'-bipy, resulting in a two-dimensional 
structure. 

(ii) Mutually interpenetrating two-dimensional sheets 
of [Cu(4,4'-bipy)Cl] were synthesized by Yaghi & Li 
(1995) and two-dimensional layers were found in {[Cd- 
(4,4'-bipy)2](NO3)2}, (Fujita et al., 1994) and [Co- 
(NCS)2(4,4'-bipy)2].2[(CH3CH2)20] (Lu et at., 1997), 
in which the metal ion was coordinated by four 
bridging 4,4'-bipy ligands. Infinite square-grid two- 
dimensional cationic sheets of composition [Cd(H20)2- 
(4,4'-bipy)2]~ ''÷ were observed in [Cd(H20)2(4,4'- 
bipy)2]PF6.2(4,4'-bipy).4H20 (Robson et al., 1992). 

(iii) Three-dimensional structures with super-diamond- 
type nets are observed in [Cu(4,4'-bipy)l.5]NO3-- 
1.25H20 (Yaghi & Li, 1995) and [Cu(4,4'-bipy)2(PF6)] 
(MacGillivray et al., 1994), the extent of interpenetra- 
tion leaving extended channels through the structure. 
However, in [Zn(4,4'-bipy)2(SiF6)].2H20 (Gable et al., 
1990), there are no accessible voids. Moreover, the com- 
plex [Ag(4A'-bipy)2(CF3SO3)], (Carlucci et al., 1994) is 
also of this type. Three-dimensional structures with large 
square channels are found in [Zn(4,4'-bipy)2(SiF6)],,-- 
DMF (Subramanian & Zaworotko, 1995) and [Zn2(4,4'- 
bipy)(PO3F)2] (Halasyamani et al., 1997). The three- 
dimensional framework of [Ag(4,4'-bipy)]NO3 (Robin- 
son & Zaworotko, 1995) is assembled from T-shaped 
cationic building blocks. 

The title compound, (I), belongs to type (ii). The Hg 11 
ion is coordinated by two N atoms from two different 
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4,4'-bipy ligands and by four Br- ligands (Fig. 1). The 
N2Br4 coordination about mercury is close to octahedral 
(Table 2). 
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Br Briii 

B " rii 

Fig. 1. View of (I) showing the labelling of the non-H atoms. 
Displacement ellipsoids are shown at 50% probability. [Symmetry 
codes: (i) -x,  y, z; (ii)x, -y ,  -z;  (iii) x, y, -z;  (iv) x, -y ,  z.] 

The  Hg a tom sits on a c rys ta l lograph ic  mmm site 
(Table 1), wi th  the pyr id ine  r ings  ly ing  pe rpend icu la r  
to [001], and the b r idg ing  b romide  wi th  a mir ror  p lane  
pe rpend icu la r  to the b axis.  

The  two pyr id ine  r ings  of  each 4 ,4 ' - b ipy  l igand  are 
coplanar ,  be ing  re la ted by an invers ion  centre  at (½,0,0). 
P lanes  o f  Hg  a toms  lie 6 .280 (2) A apart.  Ad jacen t  4,4 ' -  
b ipy  l igands  are separated by the c-axis  t rans la t ion  of  
3.945 (1) A. 

The  infini te  { - [ H g ( 4 , 4 ' - b i p y ) ] - } , ,  cha ins  ex t end ing  
a long  the a axis  are l inked by doub ly  b r idg ing  b romide  
cha ins  ex t end ing  a long  the c axis,  resul t ing  in two-  
d imens iona l  layers  in the ac plane  (Fig. 2). 

- . ~  . . . . . . .  ~-~ " -  

(a) 

(b) 

Fig. 2. The packing of  the polymeric  chains viewed (a) approximately 
along the a axis and (b) approximately along the b axis. 

Experimental 

[HgBrz(4,4'-bipy)], was obtained by reaction of HgBr2 and 
4,4'-bipy (molar ratio 1:1) in ethanol. A single crystal suitable 
for X-ray single-crystal analysis was obtained by diffusing 
a clear ethanolic solution of HgBr2 (obtained by filtering 
a saturated ethanolic solution of HgBr2) through ethylene 
glycol (3 ml) into an ethanolic solution of 4,4'-bipy (0.1 M). 
After a few days, a colourless crystal was retrieved from the 
ethanol/ethylene glycol interface. 

Crystal data 

[HgBr2(CmHsN2)] Mo Ko~ radiation 
Mr = 516.58 ,k = 0.71073 ,~, 
Orthorhombic Cell parameters from 20 
Cmmm reflections 
a = 11.688 (2) ,~, 0 = 11.59-16.37 ° 
b = 12.561 (4) ,g, lz = 20.087 m m -  
c = 3.945 (1) A T =  296 K 
V = 579.1 (3) ,g3 Needle 
Z--  2 0.40 x 0.05 x 0.04 mm 
D, = 2.962 Mg m -3 Colourless 
Dm not measured 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w-20 scans 
Absorption correction: 

~k scan (Molecular 
Structure Corporation, 
1989) 
Tmi, = 0.292, Tm:x = 0.434 

358 measured reflections 
358 independent reflections 

340 reflections with 
I > 4o'(/) 

0m~x = 25.9 ° 
h = 0 --~ 14 
k = 0 ----, 15 
1= - 4 ~ 0  
3 standard reflections 

every 300 reflections 
intensity variation: 1.9% 

Refinement 

Refinement on F 
R = 0.031 
wR = 0.038 
S = 1.25 
340 reflections 
29 parameters 
H-atom parameters 

constrained 
w = l/cr?(F,,) 
(A/cr).~x = 0.0002 

Apm~,x = 1.25 e ,g-3 
Z-'-'~pmin = - - 1 . 4 0  e ,~-3 
Extinction correction: 

Zachariasen (1967) type 
2 Guassian isotropic 

Extinction coefficient: 
1.43 x 10 - 6  

Scattering factors from Inter- 
national Tables for X-ray 
Crystallography (Vol. IV) 

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

Ueq = (l/3)~iY]gU!iaiaJai.aj. 
2f y z Ueq 

Hg 0 0 0 0.0233 (4) 
Br 0 O. 16237 (9) I/2 0.0260 (6) 
N 0.2010 (9) (} 0 0.027 (5) 
C I 0.2578 (9) 0.0876 (7) 0 0.054 (6) 
C2 0.3746 (9) 0.0908 (7) 0 0.060 (7) 
C3 0.4360 (9) 0 0 0.023 (5) 



LONG PAN et al. 345 

Table 2. Selected geometric parameters (,4, °) 
Hg--N 2.35 (1) IIg - Br 2.837 (1) 

N'--Hg--N 180 Br--Hg--Br" g8.08 (4) 
N--ttg--Br 90.03 (2) Br--llg--Br'" I gO 
N--Hg--Br" 89.99 (2~ Br'--Hg--Br"' 180 

Symmetry codes: (i) -x ,  y, z: (ii)x, y, -=; (iii) x, - y ,  -z .  
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Bis(dihydrogen phosphato-O)[(1RS,4RS,- 
8S R ,11S R )- 1,4,8,11-tetraazacyclotetra- 
decane-e~4N]nickel(II) monohydrate 

The major residual difference electron-densi ty features lie 
0.96 A from the Hg atom. 

Data collection: CAD-4  Sof-m'are (Enraf -Nonius ,  1989). 
Cell refinement: CAD-4  Software. Data reduction: T E X S A N  
P R O C E S S  (Molecular  Structure Corporation,  1989). Pro- 
gram(s) used to solve structure: TEXSAN.  Program(s)  
used to refine structure: T E X S A N  LS. Molecular  graphics: 
S H E L X T L / P C  (Sheldrick, 1994). Software used to prepare ma- 
terial for publication: local programs. 
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Abstract 

The Ni u ion in the title compound, [Ni(H2PO4)2- 
(Cj0H24N4)].H20, is six-coordinate in a distorted 
square-bipyramidal environment. Four N atoms from 
the tetraaza-macrocycle are in a square-planar arrange- 
ment [average N i - - N  distance = 2.071 (2)A] and two 
O atoms, one from each dihydrogen phosphate ion, 
are axial [average N i - - O  distance = 2.144 (2)A].  The 
structure of the title complex forms a three-dimensional 
framework, which delimits intersecting b-axis and c-axis 
tunnels. Two types of hydrogen bonds, O - - H - - - O  and 
N - - H . . . O ,  ensure the cohesion and stability of the 
molecular packing. 

Comment  
The title compound belongs to the family of 14- 
membered macrocyclic amines. Their coordination be- 
havior with transition metals has been widely studied 
both chemically and crystallographically, but the re- 
ported crystal structures of macrocyclic amines and their 
salts are rather few in number. The crystal structure of 
bis(dihydrogen phosphato-O)(1,4,8,1 l-tetraazacyclotetra- 
decane-~4N)nickel(II) monohydrate, (I), is composed of 
nickel complex molecules. Each complex is connected 

)P(OH )2(.) 

I I 

L__J  
()P(OH)2() 

(I) 

.H2() 

to six others by means of hydrogen bonding, strong 
enough to form a three-dimensional framework, which 
delimits intersecting tunnels where water molecules are 
located (Fig. 1). The coordination geometry around the 
Ni u ion is slightly distorted square bipyramidal with 
four equatorial N atoms and two axial O atoms, one 
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