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Three-Dimensional Interpenetrating Network of  [Ag2(hmt)(NO3)2]n 
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The neutral network of [Ag2(hmt)(NO3) 2] n was prepared
and characterized by X-ray diffraction studies which reveal a
novel interpenetrating three-dimensional framework based
both on the metal ions bound to µ4-hmt ligands and anions
bonding mode.  The anion bridges give a unique helical cylin-
der structure motif.

In recent years, there has been increasing interest in the
areas of crystal engineering and the design of solid-state archi-
tectures.1 Assembling extended supramolecular architectures
by selecting the chemical structure of organic ligands and the
coordination geometry of metal ions may yield a series of
novel networks with potential utility as novel materials.2 It has
been proven that the counterions may play an important role in
the framework construction.3 Anion control has been reported
for the two-dimensional coordination polymers of Ag(I) with
4,4’-pytz, in which the NO3

- anions form a templated helical
staircase motif.4 In addition, due to its donor ability, the NO3

-

anion can be chosen to construct T-shaped building blocks.5 In
contrast, in the presence of the other anions, such as BF4

- and
ClO4

-, the silver coordination polymers with diverse conforma-
tion can be achieved.3,4,6 Self-assembly is currently the most
efficient approach toward the design of one-, two- and three-
dimensional organic/inorganic hybrid frameworks.  Using a
‘building block’ methodology, combination of hexamethyl-
enetetramine (hmt) as a potential tetradentate ligands and sil-
ver ions has produced a wide variety of supramolecular archi-
tectures.7  For these reported silver complexes, it was not well
studied that the coordination chemistry depends on both anions
and ligands.8 We report herein a new crystal engineering strat-
egy for constructing a novel supramolecular architecture
through self-assembly of AgNO3 and hmt. Furthermore, the
structure of [Ag2(hmt)(NO3) 2] n is both anion-controlled for
NO3

- and dependent upon ligand functionality, in which the
NO3

- gives rise to a unique helical structural motif. To our
knowledge, it is first three-dimensional anion-controlled silver-
hmt network.

The title compound obtained by the following method: An
aqueous solution (5 cm3) of hmt (0.070 g, 0.5 mmol) was
added dropwise to a stirred MeCN solution (5 ml) of AgNO3
(0.170 g, 1 mmol) at 50 oC. The resulting colorless solution
was left to stand undisturbed at room temperature for several
days. X-Ray qualified colorless single crystals were obtained,
which were filtered, washed with water and dried under vacu-
um: yield: 75%. 9,10

The X-ray structure analysis shows the molecular struc-
ture consists of a three-dimensional interpenetrating network,
in which Ag is linked by µ4-hmt ligand and NO3

- anion. There
are two kinds of hmt ligand geometries (A and B) present in
the structure. The Ag(1) atom is coordinated by two hmt mole-
cules (A) in a parallel plane and two oxygen atoms of two

nitrate anions, while the Ag(2) ion is coordinated by two hmt
molecules (B) in a perpendicular fashion (Figure 1).  As illus-
trated in Figure 1, the potential tetradentate nature of the hmt
ligand allows the silver ions to be bridged into a corrugated
square-grid layer structure along bc or ac plane.  Each square
unit consists of six silver ions (two Ag(1) ions and four Ag(2)
ions) and six hmt molecules (four hmt molecules (A) and two
hmt molecules (B)). The two hmt molecules (B) link the Ag
(1) ions in the direction of a or b axis, resulting in the novel
three-dimensional interpenetrating neutral network (Figure 2).
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In fact, each silver center interacts weakly two NO3
- ions.

The Ag…O distances vary from 2.682 Å to 2.861 Å, which
consistent with those in other nitrate salts of silver complex-
es.11 The dihedral angle between two NO3 around Ag (1) or
Ag (2) is 88.0° or 40.9° . The nitrate NO3 acts as bidentate lig-
and by three of the oxygen atoms, one of which is µ2-oxygen
bridge linked Ag (1) and Ag (2) ions, the other is two mon-
odentate oxygen linked Ag(1) or Ag(2) ion, respectively.  So,
by this way, the NO3

- ions bridge two silver ions resulting in a
unique helical chain along the c axis. Chirality arises from a 41
screw axis along the chain in the c-direction. Seen along c axis
(Figure 3), each helical chain may illustrate the cylinder
arrangement. All Ag (1) ions point to the center, while all Ag
(2) ions are disposed around the cylinder. The chirality results
from the adoption of one of enatiomorphic space group pairs
(e.g., P4122, P4322). A similar nickel chiral network which
crystallizes in the space group P4232 has been described
recently.12 We believe this helical motif to be unique in inor-
ganic supramolecular architectures, and, significantly, it con-
trasts markedly with the structure observed for
{Ag(pytz)(NO3)}.4 This confirms the importance of ligand
functionality in determining the structure of these types of
inorganic supramolecular arrays.

The result not only represents the first examples of a heli-
cal cyclinder structural motif by anions but also a remarkable
case of anion control of three-dimensional supramolecular
architecture construction. In addition, the structure of this com-
plex suggests that nitrate may serve as structure-directing tem-
plate in constructing supramolecular architectures. It provides
a convenient way in the rational design of functional materials.

Further investigations on this system  are in progress.
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