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The title compound, [Ag2(NO3)2(C5H5NS)]n, was obtained

from the reaction of silver nitrate with bis(4-pyridyl) disu®de

(4-PDS) in a mixture of ethanol and water, which suggests that

the disul®de bond of 4-PDS can be cleaved under mild

conditions. The structure of the title compound is a two-

dimensional in®nite array in which the asymmetric unit

contains two Ag atoms, a pyridinium-4-thiolate molecule

and two nitrate groups. Each pyridinium-4-thiolate molecule

acts as a �4 bridge, linking four Ag atoms, with AgÐS bond

distances of 2.4870 (19), 2.5791 (19), 2.5992 (19) and

2.848 (2) AÊ . The Ag� � �Ag distances lie in the range

2.889 (2)±3.049 (1) AÊ .

Comment

The design of inorganic±organic hybrid framework assemblies

has become an active research area (Shimizu et al., 1999; Shi et

al., 2000; Zhao et al., 2001) because of the potential application

of these assemblies as functional solid materials (Carlucci et

al., 1995; Wang et al., 1995; Yaghi et al., 1996; Matsumoto et al.,

1999; Triki et al., 1999). Many studies have focused on inor-

ganic±organic hybrid materials containing N-donor ligands,

and the coordination chemistry of organosulfur compounds

has also been studied intensively. We chose 4-PDS [bis(4-

pyridyl) disu®de] as a ligand with both N and S donors. We

found that, under mild conditions, the disul®de bond of 4-PDS

could be cleaved, resulting in the title compound. A number of

one-, two- and three-dimensional coordination polymers

containing the pyridine-2-thiol ligand have been developed

(Hong et al., 1999; Lobana et al., 1999; Su et al., 1999, 2002;

Kato et al., 2002; Liaw et al., 2002; Yih et al., 2003). However,

only a few crystal structures of discrete and one-dimensional

complexes containing the pyridine-4-thiol ligand have been

reported (Paw et al., 1998; Brand & Shapley, 2000). We report

here the synthesis and crystal structure of a two-dimensional

lamellar polymer, (I), containing pyridine-4-thiol as a bridging

ligand. As far as we know, this is the ®rst example of a two-

dimensional polymer in which pyridine-4-thiol acts as a �4-

bridging ligand.

The structure of (I) is a two-dimensional in®nite array in

which the asymmetric unit contains two silver(I) ions, a pyri-

dinium-4-thiolate molecule and two NO3
ÿ anions. The pyri-

dinium-4-thiolate ligand exists in a tautomeric form, with the

H+ ion transferred from the S atom to the more basic N atom

(Maresca et al., 2000). The Ag atoms are bridged by both

pyridinium-4-thiolate ligands and nitrate groups, and all the

Ag atoms are coordinated by two S atoms from two different

ligands and two O atoms from two different nitrate groups in a

distorted tetrahedral coordination (Fig. 1). Each pyridinium-4-

thiolate ligand acts as a �4 bridge, linking four Ag atoms, with

AgÐS bond distances of 2.4870 (19), 2.5791 (19), 2.5992 (19)

and 2.848 (2) AÊ , respectively (Table 1). Interestingly, the

nitrate groups have two different bridging patterns, which is

unusual (Hashimoto et al., 2000). In one pattern, two O atoms

of one group bond to two different Ag atoms, with AgÐO

bond distances of 2.494 (6) and 2.412 (6) AÊ . In the other

pattern, one O atom bonds to two different AgI atoms, with

AgÐO bond distances of 2.538 (6) and 2.356 (5) AÊ . As

expected, the mean AgÐO bond distance [2.450 (6) AÊ ] is

shorter than the mean AgÐS distance [2.628 (2) AÊ ]. The

Ag� � �Ag separations range from 2.889 (2) to 3.049 (1) AÊ ; all
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Figure 1
A section of the crystal structure of (I), shown with ellipsoids at the
30% probability level. H atoms have been omitted for clarity.
[Symmetry codes: (i) ÿ1

2 ÿ x, y ÿ 1
2, ÿ1

2 ÿ z; (ii) ÿ1
2 ÿ x, 1

2 + y, ÿ1
2 ÿ z;

(iii) ÿx, 2 ÿ y, ÿz.]
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are best considered as non-bonding, although some of the

values are very similar to those in metallic silver (2.88 AÊ ;

Raper, 1985; Blower & Dilworth, 1987). Together, the AgÐS

and AgÐO bonds and the Ag� � �Ag interactions link the

repeat units into a two-dimensional lamellar structure (Fig. 2).

Fig. 3 shows that (I) is a good example of a layered inorganic±

organic solid, where the inorganic layer contains sul®do/oxy-

gen-bridged silver(I) centers and the organic layer contains

the pyridyl groups. The interlayer distance is 9.86 AÊ . The

pyridyl groups stack in an ABAB . . . pattern, the dihedral

angle between the A and B planes of pyridyl rings being

10.91�.

Experimental

A mixture of AgNO3 (0.39 g, 2.3 mmol), 4-PDS (0.18 g, 0.82 mmol),

ethanol (20 ml) and water (20 ml) was stirred at 323 K for 1 h. The

solution was then ®ltered and the ®ltrate was kept in a container

covered with ®lter paper. After 90 d, colorless block-shaped crystals

were isolated (yield 0.069 g, 13%) from the remaining solution (about

5 ml). Analysis calculated for C5H5Ag2N3O6S: C 13.32, H 1.12, N 9.32,

S 7.11%; found: C 13.36, H 1.18, N 9.26, S 7.13%. IR (KBr, cmÿ1):

1763 (w), 1745 (w), 1614 (s), 1583 (s), 1531 (w), 1470 (s), 1381 (s), 1281

(m), 1223 (m), 1198 (m), 1103 (s), 1030 (m), 1012 (m), 999 (m), 922

(w), 823 (w), 800 (s), 715 (s), 640 (w), 492 (s), 422 (s). The emission

spectrum of (I) in the solid state showed a broad band at 538 nm

when irradiated at 238 nm; this spectrum is almost the same as that of

the free pyridine-4-thiol ligand.

Crystal data

[Ag2(NO3)2(C5H5NS)]
Mr = 450.92
Monoclinic, P21=n
a = 11.1738 (9) AÊ

b = 8.2212 (7) AÊ

c = 12.1466 (10) AÊ

� = 116.224 (2)�

V = 1000.96 (14) AÊ 3

Z = 4

Dx = 2.992 Mg mÿ3

Mo K� radiation
Cell parameters from 1859

re¯ections
� = 2.1±25.0�

� = 4.14 mmÿ1

T = 293 (2) K
Block, colorless
0.30 � 0.16 � 0.16 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.376, Tmax = 0.618

3067 measured re¯ections

1735 independent re¯ections
1446 re¯ections with I > 2�(I )
Rint = 0.029
�max = 25.0�

h = ÿ12! 13
k = ÿ9! 9
l = ÿ14! 6

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.108
S = 1.05
1735 re¯ections
155 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0467P)2

+ 9.1855P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 1.29 e AÊ ÿ3

��min = ÿ1.46 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0052 (5)

H atoms were placed in idealized positions and treated as riding on

their parent atoms.

Data collection: SMART (Siemens, 1996); cell re®nement:

SMART; data reduction: SAINT (Siemens, 1996) and XPREP

(Siemens, 1996); program(s) used to solve structure: SHELXTL

(Bruker, 2001); program(s) used to re®ne structure: SHELXTL;

molecular graphics: SHELXTL; software used to prepare material

for publication: SHELXL97 (Sheldrick, 1997).

Figure 3
The structure of (I), showing the overall lamellar structure, with pyridyl
groups protruding into the interlayer region. The view is along the b axis.

Figure 2
A view of a single lamella of the structure of (I). Pyridyl groups have been
omitted for clarity.

Table 1
Selected geometric parameters (AÊ , �).

Ag1ÐS1i 2.4870 (19)
Ag1ÐO1 2.494 (6)
Ag1ÐO4ii 2.538 (6)
Ag1ÐS1 2.5791 (19)
Ag1ÐAg2 3.0492 (10)

Ag2ÐO4 2.356 (5)
Ag2ÐO3 2.412 (6)
Ag2ÐS1iii 2.5992 (19)
Ag2ÐS1 2.848 (2)
Ag2ÐAg2iii 2.8889 (16)

S1iÐAg1ÐO1 119.89 (16)
S1iÐAg1ÐO4ii 123.17 (13)
O1ÐAg1ÐO4ii 77.18 (18)
S1iÐAg1ÐS1 145.35 (5)
O1ÐAg1ÐS1 85.40 (17)
O4iiÐAg1ÐS1 83.13 (13)

O4ÐAg2ÐO3 111.1 (2)
O4ÐAg2ÐS1iii 120.16 (14)
O3ÐAg2ÐS1iii 102.59 (17)
O4ÐAg2ÐS1 102.58 (13)
O3ÐAg2ÐS1 103.16 (15)
S1iiiÐAg2ÐS1 116.14 (5)

Symmetry codes: (i) ÿ1
2ÿ x; yÿ 1

2;ÿ1
2ÿ z; (ii) ÿ1

2ÿ x; 1
2� y;ÿ1

2ÿ z; (iii) ÿx; 2ÿ y;
ÿz.



This work was supported ®nancially by the NNSF of China

(grant Nos. 29733090 and 20173063), the State Key Basic

Research and Development Plan of China (grant No.

001CB108906), the Key Project in KIP of CAS (grant No.

KJCX2-H3) and the NSF of Fujian Province (grant No.

E0020001).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SQ1154). Services for accessing these data are
described at the back of the journal.

References

Blower, P. J. & Dilworth, J. R. (1987). Coord. Chem. Rev. 76, 121±185.
Brand, U. & Shapley, J. R. (2000). Inorg. Chem. 39, 32±36.
Bruker (2001). SHELXTL. Version 6.12. Bruker AXS Inc., Madison,

Wisconsin, USA.
Carlucci, L., Ciani, G., Proserpio, D. M. & Soroni, A. (1995). J. Am. Chem. Soc.

117, 4562±4569.
Hashimoto, M., Takata, M. & Yagasaki, A. (2000). Inorg. Chem. 39, 3712±3714.
Hong, M., Su, W., Cao, R., Zhang, W., Wong, W. T. & Lu, J. (1999). Inorg.

Chem. 38, 600±602.
Kato, M., Omura, A., Toshikawa, A., Kishi, S. & Sugimoto, Y. (2002). Angew.

Chem. Int. Ed. 41, 3183±3185.
Liaw, W. F., Lee, J. H., Gau, H. B., Chen, C. H., Jung, S. J., Hung, C. H., Chen,

W. Y., Hu, C. H. & Lee, G. H. (2002). J. Am. Chem. Soc. 124, 1680±1688.

Lobana, T. S., Paul, S. & Castineiras, A. (1999). J. Chem. Soc. Dalton Trans.
pp. 1819±1824.

Maresca, K. P., Femia, F. J., Bonavia, G. H., Babich, J. W. & Zubieta, J. (2000).
Inorg. Chim. Acta, 297, 98±105.

Matsumoto, N., Sunatsuki, Y., Miyasaka, H., Hashimoto, Y., Luneau, D. &
Tuchagues, J. P. (1999). Angew. Chem. Int. Ed. 38, 171±173.

Paw, W., Lachicotte, R. J. & Eisenberg, R. (1998). Inorg. Chem. 37, 4139±
4141.

Raper, E. S. (1985). Coord. Chem. Rev. 61, 115±184.
Sheldrick, G. M. (1996). SADABS. University of GoÈ ttingen, Germany.
Sheldrick, G. M. (1997). SHELXL97. University of GoÈ ttingen, Germany.
Shi, Z., Feng, S., Zhang, L., Yang, G. & Hua, J. (2000). Chem. Mater. 12, 2930±

2935.
Shimizu, G. K. H., Enright, G. D., Ratcliffe, C. I., Preston, K. F., Reid, J. L. &

Ripmeester, J. A. (1999). Chem. Commun. pp. 1485±1486.
Siemens (1996). SMART and SAINT (Versions 4.0), and XPREP in

SHELXTL (Version 5.05). Siemens Analytical X-ray Instruments Inc.,
Madison, Wisconsin, USA.

Su, W., Cao, R., Hong, M., Zhang, W., Wong, W. T. & Lu, J. (1999). Inorg.
Chem. Commun. 2, 241±243.

Su, W., Hong, M., Weng, J., Liang, Y., Zhao, Y., Cao, R., Zhou, Z. & Chan,
A. S. C. (2002). Inorg. Chim. Acta, 331, 8±15.

Triki, S., Pala, J. S., Decoster, M., MolinieÈ, P. & Toupet, L. (1999). Angew.
Chem. Int. Ed. 38, 113±115.

Wang, S., Mitzi, D. B., Field, C. A. & Guloy, A. (1995). J. Am. Chem. Soc. 117,
5297±5302.

Yaghi, O. M. & Li, H. (1996). J. Am. Chem. Soc. 118, 295±296.
Yih, K. H., Lee, G. H. & Wang, Y. (2003). Inorg. Chem. 42, 1092±1100.
Zhao, Y., Hong, M., Liang, Y., Cao, R., Li, W., Weng, J. & Lu, S. (2001). Chem.

Commun. pp. 1020±1021.

Acta Cryst. (2004). C60, m263±m265 Yu-Biao Chen et al. � [Ag2(NO3)2(C5H5NS)] m265

metal-organic compounds


