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Self-assembly of dipotassium salt of piperazine-1,4-bis(2-
ethanesulfonic acid) (K2pesp) with AgNO3 in H2O/DMF gave
rise to a novel three-dimensional sulphonate silver(I) complex,
[Ag2(�2-OH2)(pesp)]n (1). Each silver(I) ion is coordinated by
one nitrogen and two oxygen atoms from three pesp ligands and
one oxygen atom from coordinated water molecule in a distorted
tetrahedral geometry.

In the past ten years, studies on polymeric complexes
containing ligands that were regarded as poorly coordinated
anions have been increased rapidly, due to the important roles of
such ligands in inorganic synthons.1 For instance, sulphonate
complexes possess high value as inorganic synthons or as
precursors to a range of derivatives.2 In previous reports on
sulphonate complexes,3most sulphonates are aromatic, e.g., -SO3

is connected with benzene ring directly; and the studies on non-
aromatic sulphonates are rare owing to their poor coordination
ability. In our work, dipotassium salt of piperazine-1,4-bis(2-
ethanesulfonic acid) (K2pesp) and silver(I) are selected as starting
materials, we hope the additional coordination from piperzazine
nitrogen along with the high affinity of Ag(I) for nitrogen and
oxygen atoms4 will result in the successful isolation of complex
with non-aromatic sulphonate ligands. Herein, we report the self-
assembly reaction of K2pesp and AgNO3 in H2O/DMF at room
temperature, and we will show that the coordination of nitrogen
and oxygen atoms of pesp to Ag(I) results in a novel three-
dimensional silver(I) complex, [Ag2(�2-OH2)(pesp)]n (1), con-
structed by tetra-coordinate silver(I) centers.

Complex 1 was obtained by self-assembly reaction of
dipotassium salt of piperazine-1,4-bis(2-ethanesulfonic acid)
(K2pesp) and AgNO3 in H2O/DMF.5 Crystallographic analysis6

reveals that the complex is a novel three-dimensional polymer
constructed by tetra-coordinate silver(I) centers.

As shown in Figure 1, each Ag(I) ion is coordinated by two
oxygen atoms from two different pesp, a nitrogen atom from
another pesp and an oxygen atom from water molecule, in a
distorted tetrahedral geometry. The water molecule (O(7)) acts as
�2-bridge linking two Ag ions (Ag(1) and Ag(2)) with average
Ag(1,2)-O(7) distance being 2.490(6) �A and the Ag(1)-O(7)-
Ag(2) angle being 88.21(19) �, respectively. The Ag(1)-Ag(2)
distance is 3.466(6) �A which is slightly longer than the Van der

Waals contact distance for Ag-Ag (3.40 �A),8 illustrating the lack
of direct metal-metal interaction. Although all the two -SO3

groups of pesp act as�2-bridges, one links two silver ions through
two oxygen atoms (O(1), O(2)) while the other links two silver
ions only through one oxygen atom (O(4)) (Scheme 1a). The
piperazine ring of pesp adopts the most stable ‘‘chair’’
configuration, and the six sulphonate oxygen atoms are in a
staggered arrangement, structurally similar to that of the
hydrogen atoms of ethane molecule (Scheme 1b).

In 1, the binuclear [Ag2(�2-OH2)(pesp)] species may be
viewed as the building unit of the whole structure. Each two Ag2
units are linked head-to-tail through Ag-Opesp bonding to form a
one-dimensional chain structure (Figure 2), with the Ag-Opesp

distances falling in the range from 2.309(5) to 2.549(6) �A. The
one-dimensional chains are further linked by Ag-Npesp bonding
from different directions to complete the tetrahedral coordination
environments of Ag(I) ions and result in the formation of the final
three-dimensional structure (Figure 3), with the Ag-Npesp

distances ranging from 2.305(5) to 2.312(5) �A.
To prepare other silver-pesp complexes with different

structures, other silver salts (such as AgClO4 and AgBF4Þ and
mixed solvents (such as H2O/MeOH andH2O/CH3CN) as well as
different metal/ligand ratios were employed in our experiments,
however, the same products were obtained although the yields
were different. This result illustrates that the formation of 1 may

Figure 1. Coordination environment of metal ions in 1.
Selected bond lengths( �A) and angles(�): Ag(1)-N(1),
2.305(5); Ag(1)-O(2), 2.309(5); Ag(1)-O(7), 2.467(6);
Ag(1)-O(4), 2.526(6); Ag(2)-N(2), 2.312(5); Ag(2)-O(1),
2.358(5); Ag(2)-O(7), 2.513(6); Ag(2)-O(4), 2.549(6);
N(1)-Ag(1)-O(2), 125.15(1); N(1)-Ag(1)-O(7), 115.9(2);
O(2)-Ag(1)-O(7), 94.6(2); N(1)-Ag(1)-O(4), 117.87(18);
O(2)-Ag(1)-O(4), 111.86(19); O(7)-Ag(1)-O(4),
78.73(19); N(2)-Ag(2)-O(1), 127.90(18); N(2)-Ag(2)-
O(7), 118.0(2); O(1)-Ag(2)-O(7), 87.1(2); N(2)-Ag(2)-
O(4), 120.49(18); O(1)-Ag(2)-O(4), 108.69(18); O(7)-
Ag(2)-O(4), 77.47(18); Ag(1)-O(7)-Ag(2), 88.21(19) �.

Figure 2. The one-dimensional chain structure in 1.

Scheme 1.
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not be influenced by organic solvent and anion.
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Figure 3. The three-dimensional structure of 1.
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