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Abstract

A new HgII coordination polymer with 4,40-bipyridine and acetate anions, [Hg(l -4,40-bipy)(l -AcO)(AcO)]n Æn/2H 2O (1), has been
synthesized, characterized by elemental analysis, IR-,1H NMR-, 13C NMR spectroscopy and its structure determined by single-crystal
X-ray di�raction. The thermal stability of compound 1 was studied by thermal gravimetric (TG) and di�erential thermal analyses (DTA).
The structural studies of compound1 show that the structure may be considered as a coordination polymer of mercury(II) consisting of
linear double chains formed by a bridging 4,40-bipy ligand and by connecting acetate-bridged centrosymmetric {Hg2(OAc)2}

2+ nodes.
Solid-state luminescent spectra of the ligand 4,40-bipyridine and compound 1 indicate a ”uorescent broad emission band with the max-
imum intensity at ca 468.2 and 446.4 nm upon excitation at 295 nm, respectively. The stability of porous network after removal of guest
water molecules is not con“rmed by X-ray powder di�raction.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Supramolecular chemistry has emerged as an attractive
research area in recent years and considerable research
has been conducted in this discipline, resulting in a great
number of one-, two- and three-dimensional networks
[1…12]. The drive in this “eld is the prospect of constructing
novel supramolecular frameworks with special topologies
and interesting characteristics such as electronic, magnetic,
optical and catalytic properties[2]. Typically, it is the most
common strategy to employ a rationally designed ligand
and suitable metal ions to construct novel supramolecular
architectures. Thus, the topology of the structure of the
resulting products can be reasonably controlled and
directed.

As d10 metal ion Zn2+ , Cd2+ and Hg2+ are particularly
suited for the construction of coordination polymers and
networks. The spherical d10 con“guration is associated
with a ”exible coordination environment so that geome-
tries of these complexes can vary from tetrahedral to octa-
hedral and severe distortions in the ideal polyhedron occur
easily. Furthermore, due to the general lability of d10 metal
ion complexes, the formation of coordination bonds is
reversible which enables metal ions and ligands to rear-
range during the process of polymerization to give highly
ordered network structures. Consequently, dications of
Zn, Cd and Hg can readily accommodate all kinds of archi-
tectures and a selection of topological types of 1D, 2D and
3D polymers is given. In contrast to coordination polymers
of Zn2+ and Cd2+ ions, the formation of polymers with the
Hg2+ ion is disproportionately sparse. Continuing with our
previous work on HgII coordination polymers [13…15], in
this paper we report a new 1D coordination polymer of
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mercury(II) acetate and 4,40-bipyridine, [Hg(l -4,40-bipy)-
(l -AcO)(AcO)]n Æn/2H 2O (1).

2. Experimental

2.1. Materials and physical techniques

All reagents and solvents for the synthesis and analysis
were commercially available and used as received. IR spec-
tra were recorded using Perkin…Elmer 597 and Nicolet
510P spectrophotometers. Microanalysis was carried out
using a Heraeus CHN…O… Rapid analyzer. The melting
point was measured on an Electrothermal 9100 apparatus
and is uncorrected. The thermal behavior was measured
with a PL-STA 1500 apparatus.1H- and 13C NMR spectra
were measured with a BRUKER DRX-500 AVANCE
spectrometer at 500 MHz and all chemical shifts are
reported in d units down“eld from Me 4Si. The luminescent
properties were investigated with a Shimadzu RF-5000
spectro”uorophotometer.

Crystallographic measurements were made using a
Bruker AXS SMART APEX CCD di�ractometer. The
intensity data were collected using graphite monochro-
mated Mo K a radiation (k = 0.71073 A� ). Accurate unit
cell parameters and the orientation matrix were obtained
from least…squares re“nement using the programsSMART

[16] and SAINT [17], and the data were integrated using
SAINT [17]. The structure has been solved by direct meth-
ods and re“ned by full-matrix least-squares techniques on
F2 using SHELXTL [18]. The molecular structure plots were
prepared by using the ORTEPIII [19] and Mercury [20].
Crystallographic data and details of the data collection
and structure re“nements are listed in Table 1. The
observed anisotropic thermal parameters, the calculated
structure factors, and full lists of bond distances, bond
angles and torsion angles are given insupplementary
material.

2.2. Synthesis of [Hg(l -4,40-bipy)( l -AcO) 2] n Æn/2H2O ( 1)

A methanolic solution (25 ml) of 4,40-bipyridine
(0.5 mmol, 0.078 g) was added drop wise during 2 h to
a stirred methanolic solution (35 ml) of Hg(CH3COO)2
(0.5 mmol, 159 g) and the mixture was heated to re”ux
with stirring at 75 � C for 4 h. The solution became clear
immediately upon heating. It was then cooled and
“ltered. Slow evaporation of the solvent over 10 days
lead to colourless crystals (m.p. > 300� C), which were
isolated, “ltered o�, washed with acetone and ether and
dried in air (0.108 g, 50%), ElementalAnal. Calc. for
C28H30Hg2N4O9: C, 34.72; H, 3.10; N, 5.78. Found;
C, 34.50; H, 3.30; N, 5.60%. IR (cm� 1) selected bonds:
646(m), 799(m), 1010(m), 1216(m), 1292(m), 1401(vs),
1558(vs), 2920(w) and 3062(w).1H NMR (DMSO; d):
1.85(s, 3H), 7.95 (d, 2H), 8.85 (d, 2H) ppm.13C…1H
NMR (DMSO; d): 22.6, 121.8, 146.2, 149.5,
182.5 ppm.

3. Results and discussion

3.1. Synthesis and spectroscopy

The reaction between 4,40-bipy and mercury(II) acetate
provided a crystalline material analyzing as [Hg(l -4,40-
bipy)(l -AcO)(AcO)]n Æn/2H 2O (1). The IR spectrum dis-
plays characteristic absorption bands for the 4,40-bipy
ligand and the acetate anions. The relatively weak absorp-
tion bands around 2920 and 3062 cm� 1 are due to the C…H
modes involving the …CH3 and aromatic ring hydrogen
atoms, respectively. The absorption bands with variable
intensity in the frequency range 1400…1590 cm� 1 corre-
spond to ring vibrations of the ••py•• moiety of the 4,40-bipy
ligand. The characteristic bands of the carboxylate group
in 1 appear about 1558t as(C…O)and 1401t sym(C…O)cm� 1.
The 1H NMR spectrum of the dissolved complex 1 in

Table 1
Crystal data and structure re“nement for the [Hg(l -4,40-bipy)(l -AcO)-
(AcO)]n Æn/2H 2O (1)

Identi“cation code compound 1
Empirical formula C 28H30Hg2N4O9

Formula weight 967.74
Temperature 100(2)
Wavelength 0.71073
Crystal system monoclinic
Space group P21/n
Unit cell dimensions

a (A� ) 13.3310(7)
b (A� ) 11.8088(6)
c (A� ) 19.3269(10)
a (� ) 90.00
b (� ) 92.8750(10)
c (� ) 90.00

Volume (A� 3) 3038.7(3)
Z 4
Dcalc (g cm� 3) 2.115
Absorption coe�cient (mm � 1) 10.151
F(000) 1832
Crystal size (mm3) 0.32· 0.28· 0.24
h Range for data collection (� ) 2.31…30.50

Index ranges � 17 6 h 6 17,
� 15 6 k 6 15,
� 25 6 l 6 20

Re”ections collected 7437
Independent re”ections 6909
Absorption correction multi-scan
Maximum and minimum transmission 0.087 and 0.055

Re“nement method full-matrix
least-squares onF2

Data/restraints/parameters 7437/0/398
Goodness-of-“t on F2 1.103

Final R indices [I > 2r (I )] R1 = 0.0245,
wR2 = 0.0538

R Indices (all data) R1 = 0.0277,
wR2 = 0.0547

Largest di�erence in peak and hole (e A� � 3) 2.275 and� 1.317

G. Mahmoudi et al. / Inorganica Chimica Acta 360 (2007) 3196…3202 3197



Au
th

or
's 

  p
er

so
na

l  
 c

op
y

DMSO displays two distinct doublets at ca. 7.95 and
8.85 ppm assigned to the aromatic rings protons of the
••4,40-bipy•• ligands and another signal at 1.85 ppm
assigned to the methyl protons of the acetate anions. The
13C NMR spectrum of the DMSO solution displays three
distinct signals at 121.8, 146.2 and 149.5 ppm assigned to
the aromatic ring carbon atoms of the 4,40-bipy ligands.
Two other signals at 22.6 (13CH3…COO) and 182.5 ppm
(CH3…

13COO) are assigned to the carbon atoms of the ace-
tate anions. However, the NMR data of compound 1 are
not signi“cantly di�erent from free ligand 4,4 0-bipy. This
shows that the compound break up in DMSO solution
and polymeric structure may not retain in the DMSO solu-
tion, and we use the NMR data only for characterization
of the new compound.

3.2. Structure description

Determination of the structure of 1 by X-ray crystallog-
raphy (Table 1) showed the complex in the solid state (Figs.
1 and 2) to consist of one dimensional polymeric units. The
structure may also be considered to be a coordination poly-
mer of mercury(II) consisting of linear double chains
formed by bridging 4,40-bipy ligands, thus building a
one-dimensional array of HgII and 4,40-bipy in a 1:1 stoi-
chiometry, resulting from a connection of the acetate-
bridged centrosymmetric {Hg2(OAc)2}

2+ nodes with the
4,40-bipy rods.

There are two acetate anions with di�erent coordina-
tion modes. The carboxylate group of one acetate ligand
acts only as a bidentate chelating group. In the second
mode, two OAc� anions bridge two mercury(II) ions
via the O atoms and the repeating unit in the metallacycle
nodes is {Hg(OAc)2}

2+ (Fig. 2) with a Hg� � �Hg separa-
tion of 4.009(5) A� . The carboxylate moiety of this type
of OAc � ligand acts as both a chelating and a bridging
group (totally tridentate) in a l � 2,2 mode, where two
oxygen atoms of the carboxylate group of two bridging
acetate chelate and also bridge the two adjacent mer-
cury(II) ions, thus yielding a four-membered {Hg…O…C…
O} 2 metallacycle (seeFig. 1). These metallacycle nodes
are connected through four 4,40-bipy bridges to two other
nodes, resulting in one-dimensional double-chains. The
intra…chain Hg� � �Hg distance by the 4,40-bipy ligands is
11.46(2) A� . Each HgII atom has a coordination number
of seven and the environment is a distorted pentagonal
bipyramide with an O5N2 coordination sphere; the apical
positions are occupied by the nitrogen atoms of the 4,40-
bipy ligand; the equatorial positions are taken by “ve
oxygen atoms of the acetate groups. Two nitrogen atoms
from two 4,40-bipy ligands are in trans position [the N3…
Hg1…N4 angle is 174.61(10)� ] (Table 2). The aromatic
rings of 4,40-bipy moiety are, due to the interaction of
the hydrogen atom, not coplanar, and the dihedral angle
between the two ••py•• rings in the two crystallographi-
cally independent 4,40-bipy moieties are 21.24� and
32.24� .

There are aromatic p…p stacking interactions [21]
between the parallel aromatic rings of the ••4,40-bipy••
ligands belonging to adjacent chains in compound1, as

Fig. 1. Molecular view of the repeating unit and view of the Hg
environment in [Hg(l -4,40-bipy)(l -AcO)(AcO)]n Æn/2H 2O (1), Ellipsoids
30% probability.

Fig. 2. View of the one-dimensional double-chain for [Hg(l -4,40-bipy)(l -AcO)(AcO)]n Æn/2H 2O (1).
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shown in Fig. 2. In this compound, the centroid…centroid
distance, shift angle and interplanar angle of pyridyl
groups are 3.73 A� , 30.37� and 2.87� , respectively.

Solvate water molecules are found in the lattice of com-
pound 1 and are involved in a hydrogen bonding network
(Fig. 3). The coordinated water molecules are acting as
hydrogen bond donors towards the O atoms of the coordi-
nated acetate ligands (Table 3). Consequently, the 1D
structure is grown by the hydrogen bonds into a hybrid
two-dimensional network (Fig. 3).

3.3. Thermogravimetric analysis

In order to examine the thermal stability of compound
1, thermal gravimetric (TG) and di�erential thermal analy-
ses (DTA) were carried out between 30 and 700� C in a sta-
tic atmosphere of air (Fig. 4). Compound 1 does not melt
and is stable up to 195� C at which temperature it begins
to decompose. The TG curve of compound1indicates the
release of a 4,40-bipy molecule and decomposition of the
acetate anions to take place at 195…300� C with two endo-
thermic and one exothermic e�ects at 196, 210 and 310� C

Table 2
Bond lengths (A� ) and angles (� ) for [Hg( l -4,40-bipy)(l -AcO)(AcO)]n Æn/
2H2O (1)

Hg1…N2 2.226(3) N1…Hg1…O1 92.44(10)
Hg1…N1 2.226(3) O3…Hg1…O1 148.25(8)
Hg1…O3 2.373(3) O2…Hg1…O1 51.84(8)
Hg1…O2 2.446(3) O5…Hg1…O1 85.93(9)
Hg1…O5 2.511(3) N3…Hg2…N4 174.61(10)
Hg1…O1 2.617(3) N3…Hg2…O7 94.21(10)
Hg2…N3 2.209(3) N4…Hg2…O7 85.78(9)
Hg2…N4 2.219(3) N3…Hg2…O6 96.21(9)
Hg2…O7 2.509(3) N4…Hg2…O6 85.78(9)
Hg2…O6 2.513(2) O7…Hg2…O6 83.49(8)
Hg2…O8 2.514(3) N3…Hg2…O8 89.22(10)
Hg2…O4 2.596(3) N4…Hg2…O8 92.87(10)
Hg2…O5 2.634(3) O7…Hg2…O8 52.12(8)

N2…Hg1…N1 168.68(11) O6…Hg2…O8 135.58(8)
N2…Hg1…O3 98.15(10) N3…Hg2…O4 90.04(9)
N1…Hg1…O3 89.12(10) N4…Hg2…O4 84.90(9)
N2…Hg1…O2 90.22(10) O7…Hg2…O4 144.24(9)
N1…Hg1…O2 97.59(11) O6…Hg2…O4 131.34(8)
O3…Hg1…O2 96.52(9) O8…Hg2…O4 92.55(9)
N2…Hg1…O5 84.27(10) N3…Hg2…O5 78.52(10)
N1…Hg1…O5 84.44(10) N4…Hg2…O5 99.06(10)
O3…Hg1…O5 125.76(9) O7…Hg2…O5 131.43(8)
O2…Hg1…O5 137.73(9) O6…Hg2…O5 50.52(8)
N2…Hg1…O1 85.94(10) O8…Hg2…O5 167.29(9)
N1…Hg1…O1 92.44(10) O4…Hg2…O5 84.21(9)

Fig. 3. A perspective view of the packing down thea-axis in compound [Hg(l -4,40-bipy)(l -AcO)(AcO)]n Æn/2H 2O (1), showing the free water molecules
lying in the interlayer regions.

Table 3
Hydrogen bonds for compound [Hg(l -4,40-bipy)(l -AcO)(AcO)]n Æn/2H 2O
(1) (A� and � )

D…H� � �A d(D…H) d(H� � �A) d(D� � �A) Æ(DHA)

O(9)…H(9A)� � �O(7)#1 0.78(5) 2.03(5) 2.812(4) 174(5)
O(9)…H(9B)� � �O(2)#2 0.85(5) 1.95(5) 2.797(4) 170(5)

Symmetry transformations used to generate equivalent atoms: #1� x + 1,
� y + 1, � z + 1; #2 � x + 1/2, y + 1/2, � z + 3/2.
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(Fig. 4). The solid residue formed at around 310� C, which
at higher temperatures evaporates, is suggested to be HgO.

3.4. Luminescent and porous properties

The UV/vis spectra of compounds 4,40-bipy and 1 dis-
play intense absorption bands ranging from 215 to
285 nm (Fig. 5a), indicating that electronic transitions are
mostly p…p* , originating from the pyridyl groups of ligands
4,40-bipy. In methanol, a slight di�erence has been found
between the emission ranges of the ligand 4,40-bipy and
compound 1, which have broad ”uorescent emission bands
with kmax values of 347 and 360 nm for the ligand 4,40-bipy
and compound1, respectively (Fig. 5b and c). In methanol,
compound 1 is red-shifted by only 13 nm compared to the
emission maxima of 4,40-bipy upon excitation at 295 nm.
In the solid state, however, compounds 4,40-bipy and 1
have broad emission bands at 468.2 and 446.4 nm, respec-
tively, upon excitation at 295 nm. As a solid, compound1
shows a blue-shift of about 21.8 nm compared to the emis-

sion wavelength of the ligand 4,40-bipy (Fig. 5d and e). The
emission maximum of 1 in the solid state is in the blue
region and the emission bands cover much of the blue
region, giving the observed blue luminescence. Thus, com-
pound 1 may have potential applications as a luminescent
material in organic light emitting devices. Generally, the
intraligand ”uorescence emission wavelength is determined
by the energy gap betweenp and p* molecular orbitals of
the free ligand, which is related to the extent ofp conjuga-
tion in the system[22]. Thus the unexpected considerably
blue-shifted emission of compound1 probably results from
coordination of the ligands 4,40-bipy in the solid state that
has an e�ect on their ”uorescent properties. Furthermore,

Fig. 5. Electronic absorption of ligands 4,40-bipy and compound [Hg(l -
4,40-bipy)(l -AcO)(AcO)]n Æn/2H 2O (1), (a) absorption: c = 1.36 ·
10� 4 mol l � 1, methanol, d = 1 cm. Fluorescence spectra for ligand 4,40-
bipy (solution) (b), compound 1 (solution) (c), compound 1 (solid) (d),
ligand 4,40-bipy (solid) (e), Room temperature,kexc= 295 nm.

Fig. 6. The XRD patterns of: (a) simulated from single crystal X-ray data;
(b) as synthesized; (c) dehydrated compound obtained by heating complex
1 at 100� C for 3 h; (d) rehydrated species obtained by exposure of the
dehydrated species to the water vapor for 1 day.

0

20

40

60

80

100

120

0 200 400 600 800
Temperature( °C)

W
ei

gh
t o

f l
os

s(
%

)

-5

0

5

10

15

20

t(
° C

)

TG

DTA

Fig. 4. Thermal behaviour of compound [Hg(l -4,40-bipy)(l -AcO)-
(AcO)]n Æn/2H 2O (1).

3200 G. Mahmoudi et al. / Inorganica Chimica Acta 360 (2007) 3196…3202



Au
th

or
's 

  p
er

so
na

l  
 c

op
y

the ”uorescent intensity of compound 1 is signi“cantly
weaker than that of the ligand 4,40-bipy, which can be
attributed to the heavy atom e�ect [23…25]due to the coor-
dination of the ligand to a heavy Hg(II) center.

The X-ray powder di�raction (XRPD) pattern of the
synthesized material is in good agreement with the XRPD
pattern simulated from the single crystal data of compound
1 (Fig. 6a and b). Desolvation by thermal treatment
(obtained by heating compound1 at 120� C for 3 h) results
in a signi“cant change of the powder pattern (Fig. 6c), and
resolvating the sample (i.e., the dry sample is placed in a
glass desiccator, beside a water “lled beaker) (Fig. 6d) does
not regenerate the original di�raction pattern. These facts
clearly indicate that the porous structure of compound1
responds towards solvation or desolvation by an irrevers-
ible change of its framework, and is not ”exible and
dynamic and has to be attributed as a “rst-generation por-
ous framework [25].

4. Conclusion

In summary, a new HgII coordination polymer with 4,40-
bipyridine and acetate anions, [Hg(l -4,40-bipy)(l -AcO)
(AcO)]n Æn/2H 2O (1), has been demonstrated. It is found
that this double-chain 1D coordination polymer further
extends into 2D networks via hydrogen bonding. Com-
pound 1 also displays bright blue luminescence in the solid
state at room temperature. Removal of the interstitial
water guest molecules results in a signi“cant change and
the original structure that cannot be reestablished by sim-
ple exposure to water vapor as shown by powder X-ray dif-
fraction. The structure of 1 may thus be de“ned as a “rst-
generation porous framework.

Acknowledgements

This work was supported by the Iran National Science
Foundation (Project No. 84118). The Smart Apex di�rac-
tometer was funded by NSF Grant 0087210, by Ohio
Board of Regents Grant CAP-491, and by YSU.

Appendix A. Supplementary material

CCDC 626698 contains the supplementary crystallo-
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