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u-Piperidine-x*N:N'-bis[(3-nitrobenzoato-xO)-

silver(l)] monohydrate

The title compound, [Ag,(C;H4NO,),(C4H (N,)]-H,O, has
two similar dinuclear Ag' complex molecules, each with a
crystallographic inversion center; the asymmetric unit
contains half of each molecule and a molecule of water. Each
Ag atom in the compound is coordinated by one O atom from
a 3-nitrobenzoate anion and one N atom from a piperidine
bridge, in a slightly distorted linear geometry.

Comment

In the last few years, attention has been paid to the prepara-
tion of complexes of the coinage metals, due to their impor-
tance in the development of optical materials, polymer
conductors, catalyst carriers, etc. Silver(I) complexes are
interesting and challenging because most of them are water-
insoluble and unstable upon exposure to light. Recently, we
have reported some silver(I) carboxylate complexes with
organic amines (Zhu, Wang, Pan & Wang, 2003; Pan et al.,
2003; Zhu, Wang, Sun & Wang, 2003; Zhu, Wang, Lin et al.,
2003). As an extension of our work, we report here the crystal
structure of a new silver(I) complex, u-piperidine-x*N:N'-
bis[(3-nitrobenzoato-xO)silver(I)] monohydrate, (I).
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The title compound is a neutral dinuclear silver(I)
compound (Fig. 1). The asymmetric unit contains two half-
molecules of the dinuclear silver compound and and one water
molecule. In both complex molecules, the Ag' atoms are in a
distorted linear geometry and are two-coordinated by one O
atom from a 3-nitrobenzoate anion and one N atom from a
piperidine bridge. All the Ag—O and Ag—N bond lengths
(Table 1) are comparable to the corresponding values in the
silver(I) complexes we reported recently (You & Zhu, 2004;
Chen et al., 2003; Zhu, Sun et al., 2003). The bond angles at the
Ag' atoms deviate somewhat from 180°, viz. 165.85 (15)° for
Agl and 168.12 (16)° for Ag2.

In the crystal structure, all the O atoms of the water mol-
ecules and the uncoordinated O atoms of the carboxylate
anions, together with all the N atoms of the piperidine group,
are involved in the formation of hydrogen bonds (Table 2).

Experimental

Piperidine and 3-nitrobenzoic acid were available commercially and
were used without further purification. Ag,O (0.5 mmol, 116 mg) and
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3-nitrobenzoic acid (1 mmol, 167 mg) were dissolved in a solution of
ammonia (10 ml, 30%) and CH3CN (10 ml). The mixture was stirred
for about 10 min to obtain a clear colorless solution. To this solution
was added an ammonia solution (2 ml) of piperidine (0.5 mmol,
43 mg). After keeping the resulting solution in air for a week, with
ammonia and CH;CN evaporating, large colorless crystals were
formed. The crystals were isolated, washed three times with water
and dried in a desiccator using CaCl, (yield 60%). Elemental analysis
found: C 33.25, H 2.90, N 8.69%; calculated for C;gHiAgoN4Oy: C

33.15, H 3.09, N 8.59%.

Crystal data

[Ag(CHANO,),(C4H oN,)]-H,0
M, = 652.12
Monoclinic, Pg] /n

D, =2052Mgm™
Mo Ko radiation
Cell parameters from 2560

a=7285(1)A reflections

b =24298 (2) A 6 =24-258
c=11.945(1) A w=192mm™"

B = 93523 (2)° T =298 (2) K

V =21104 (4) A3 Block, yellow

Z=4 0.37 x 0.25 x 0.14 mm

Data collection
Bruker SMART CCD area-detector

4571 independent reflections

diffractometer 3873 reflections with 7 > 20(1)
w scans Ri, = 0.030
Absorption correction: multi-scan Omax = 27.0°

(SADABS; Sheldrick, 1996) h=-9—9

Tnin = 0.532, Tiax = 0.767 k=-30— 30
17019 measured reflections I=—-15—>15

Refinement

Refinement on F>

R[F? > 20(F%)] = 0.051

wR(F?) = 0.115

S§=1.05

4571 reflections

314 parameters

H atoms treated by a mixture of
independent and constrained
refinement

w = 1/[0*(F,?) + (0.0377P)*
+ 6.6578P]
where P = (F,” + 2F2)/3
(AI0) max < 0.001
Apmax = 2.03 e A3
Apmin = =190 e A3

Table 1

Selected geometric parameters (A, °).

Agl—01 2.107 (3) Ag2—05 2132 (3)
Agl—N2 2.147 (4) Ag2—N4 2.174 (4)
O1—Agl—N2 165.85 (15) 05— Ag2—N4 168.12 (16)
Table 2

Hydrogen-bonding geometry (A, °).

D—H---A D—H H--A D---A D—H---A
N4—H4A. - -06' 0.897 (10) 2.094 (19) 2.968 (5) 165 (5)
N2—H24. --09" 0.895 (10) 2.10 (3) 2.881 (6) 146 (4)
09—H2.--02' 0.841 (10) 1.859 (16) 2.688 (6) 168 (6)
09—HI---06 0.841 (10) 1.905 (12) 2745 (6) 177 (7)

Symmetry codes: (i) 1 —x, —y, 1 —z; (ii) x,y, 1 4+ z.

Figure 1
The structure of the title complex, showing 30% probability displacement
ellipsoids and the atom-numbering scheme.

The H atoms of the water molecules and the piperidine N atoms
were located in a difference Fourier map and refined isotropically,
with the N—H distances restrained to 0.90 (1) A, and with the O—H
and H---H distances restrained to 0.84 (1) and 1.37 (2) A, respec-
tively. All H atoms attached to C atoms were placed in geometrical
positions and constrained to ride on their parent atoms, with C—H
distances of 0.93-0.97 A, and with Uiso(H) = 1.2U.(C). The unas-
signed maximum residual density is 0.85 A from atom Ag2 and the
minimum residual density is 0.83 A from atom Ag2.

Data collection: SMART (Siemens, 1996); cell refinement: SAINT
(Siemens, 1996); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997a); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997a); molecular graphics:
SHELXTL (Sheldrick, 1997b); software used to prepare material for
publication: SHELXTL.

The authors thank the Education Office of Anhui Province,
China, for research grants 2004kJ300zd and 2004kJ302.

References

Chen, S.-H., Zhu, H.-L., Pan, Y.-J.,, Wang, X.-J. & Wang, D.-Q. (2003). Z.
Kristallogr. New Cryst. Struct. 218, 301-302.

Pan, Y.-J, Meng, X.-J., Wang, X.-J., Zhu, H-L. & Wang, D.-Q. (2003). Z.
Kristallogr. New Cryst. Struct. 218, 253-254.

Sheldrick, G. M. (1996). SADABS. University of Gottingen, Germany.

Sheldrick, G. M. (1997a). SHELXS97 and SHELXL97. University of
Gottingen, Germany.

Sheldrick, G. M. (1997b). SHELXTL. Version 5.1. Bruker AXS Inc., Madison,
Wisconsin, USA.

Siemens (1996). SMART and SMART. Siemens Analytical X-ray Instruments
Inc., Madison, Wisconsin, USA.

You, Z.-L. & Zhu, H.-L. (2004). Acta Cryst. C60, m623-m624.

Zhu, H.-L., Sun, X.-J., Wang, X.-J. & Wang, D.-Q. (2003). Z. Kristallogr. New
Cryst. Struct. 218, 305-306.

Zhu, H.-L., Wang, Z.-G., Lin, Y.-S., Zou, Y., Tang, L.-L. & Shao, S.-C. (2003).
Acta Cryst. E59, m942-m943.

Zhu, H.-L., Wang, X.-J., Pan, Y.-J. & Wang, D.-Q. (2003). Z. Kristallogr. New
Cryst. Struct. 218, 303-304.

Zhu, H.-L., Wang, X.-J., Sun, X.-J. & Wang, D.-Q. (2003). Z. Kristallogr. New
Cryst. Struct. 218, 249-250.

mM668 Li, Wang and Zhu + [Ag,(C;H4NOL),(CaH oN)]-H,0

Acta Cryst. (2005). E61, m667-m668



	mk1

