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The 2/1 adduct of 4-chlorobenzoato-silver(I) and piperazine,

[Ag2(ClC6H4COO)2(C4H10N2)]n, adopts a chain structure in

which the Ag atom is linked to one chlorobenzoate anion, one

piperazine heterocycle and another Ag atom. The two Ag

atoms exist in tetrahedral environments.

Comment

N-Heterocycles afford a number of adducts with silver(I)

carboxylates; with some, such as piperazine and silver(I) tri-

¯uoroacetate (Brammer et al., 2002), the piperazine and the

tri¯oroacetate units both engage in coordination, whereas in

the phenanthroline complex, the anion does not participate, as

the Ag atom is already chelated by two heterocycles (Para-

monov et al., 2003). Interest in this area grew out of the diverse

structural motifs displayed by these super®cially similar

monovalent cations. We report here the crystal structure of (I),

a new piperazine complex of silver 4-chlorobenzoate.

Just like the adduct with tri¯uoroacetate and piperazine

(Brammer et al., 2002), the heterocyclic ligand uses both N-

donor sites and both O donors of the carboxylate anion to

bind to Ag atoms in (I). Furthermore, two Ag atoms are joined

by an AgÐAg bond, with each Ag atom in a tetrahedral

environment. The �2 bridging modes of the heterocycle and

the anion lead to the formation of a network structure. For the

adduct with tri¯uoroacetate, the Ag atom is coordinated by

two pyridyl N atoms and two tri¯uoroacetate anions, but all

Ag atoms are crystallographically independent (Brammer et

al., 2002).
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Experimental

The reagents were commercial products and were used without

further puri®cation. Silver 4-chlorobenzoate (2 mmol, 0.52 g) and

piperazine (1 mmol, 86 mg) were dissolved in dilute aqueous

ammonia (20 ml) and the mixture stirred for about 10 min to obtain a

clear solution. The solution was left to stand for 1 day to allow the

ammonia gas to escape. Large brown crystals separated from the

solution; these were collected, washed three times with water and

dried in a vacuum desiccator using CaCl2. The compound was isolated

in 77% yield.

Crystal data

[Ag2(C7H4ClO2)2(C4H10N2)]
Mr = 612.98
Orthorhombic, Pna21

a = 11.818 (4) AÊ

b = 7.422 (3) AÊ

c = 24.425 (9) AÊ

V = 2142.4 (14) AÊ 3

Z = 4
Dx = 1.900 Mg mÿ3

Mo K� radiation
Cell parameters from 3794

re¯ections
� = 2.9±26.3�

� = 2.10 mmÿ1

T = 298 (2) K
Block, brown
0.32 � 0.11 � 0.07 mm

Data collection

Bruker SMART APEX area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2002)
Tmin = 0.553, Tmax = 0.867

10524 measured re¯ections

3736 independent re¯ections
2996 re¯ections with I > 2�(I)
Rint = 0.045
�max = 25.0�

h = ÿ13! 14
k = ÿ8! 8
l = ÿ29! 29

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.035
wR(F 2) = 0.101
S = 1.01
3736 re¯ections
254 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0551P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.56 e AÊ ÿ3

��min = ÿ0.69 e AÊ ÿ3

Absolute structure: Flack (1983),
with 1799 Friedel pairs

Flack parameter = 0.00 (3)

Table 1
Selected geometric parameters (AÊ , �).

Ag1ÐN1 2.165 (6)
Ag1ÐO1 2.168 (5)
Ag1ÐAg2 3.1716 (11)

Ag2ÐO2 2.160 (5)
Ag2ÐN2 2.168 (6)

N1ÐAg1ÐO1 166.5 (2)
N1ÐAg1ÐAg2 82.51 (15)
O1ÐAg1ÐAg2 90.05 (15)
O2ÐAg2ÐN2 166.0 (2)
O2ÐAg2ÐAg1 89.63 (16)
N2ÐAg2ÐAg1 82.59 (16)

C1ÐO1ÐAg1 106.2 (5)
C8ÐO2ÐAg2 109.0 (5)
C15ÐN1ÐAg1 116.3 (5)
C18iÐN1ÐAg1 112.0 (4)
C17ÐN2ÐAg2 113.8 (6)
C16ÐN2ÐAg2 112.9 (5)

Symmetry code: (i) x; 1� y; z.

All H atoms were positioned geometrically (CÐH 0.93 AÊ for the

aromatic H atoms, CÐH 0.97 AÊ and NÐH 0.91 AÊ for the piperazine

H atoms), and were re®ned as riding, with Uiso(H) = 1.2Ueq(parent

atom).

Data collection: SMART (Bruker, 2002); cell re®nement: SAINT

(Bruker, 2002); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL (Bruker, 2002); software used to prepare material for

publication: SHELXTL.
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Figure 1
The structure of (I), showing 30% probability displacement ellipsoids and
the atom-numbering scheme. Dashed lines indicate hydrogen bonds.
[Symmetry codes: (A) x, y ÿ 1, z; (B) x, y, z; (C) x, y + 1, z.]
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