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In the title complex, [Ag(NO3)(C14H14N4S4)]n, the AgI atom

lies on a twofold axis and shows a distorted tetrahedral

coordination, comprised of two N-atom donors from two

thiadiazole groups of separate ligands and two O-atom donors

from one nitrate ligand. Each bis(thioether) ligand also lies on

a twofold axis and bridges two adjacent Ag atoms to form an

in®nite chain along the c axis, with an Ag� � �Ag separation of

11.462 (4) AÊ . Adjacent one-dimensional chains are further

linked into double-chain motifs through weak Ag� � �S and �±�
stacking interactions.

Comment

The rational design of coordination architectures is one of the

most exciting ®elds in current coordination and supramole-

cular chemistry (Braga et al., 1998). Ligand design is an

important aspect in adjusting the coordination framework,

and the different numbers and relative orientations of coor-

dination donors in the ligands may lead to the formation of

unique frameworks with tailored properties and functions

(Blake et al., 1999; Sun et al., 2001; Li et al., 2003; Xie et al.,

2004). Di/triaryl and heteroaryl thioether ligands have shown

interesting coordination ability with metal ions (Hong, Zhao et

al., 2000; Bu, Hou et al., 2002; Bu, Chen et al., 2002), and the

range of heteroaryl groups studied has been enlarged in recent

years from pyridine derivatives (Sharma et al., 1999; Constable

et al., 2002; Xie & Bu, 2003; Bu et al., 2003) to other hetero-

cyclic thioether ligands (Yang et al., 1997; Hong, Su et al., 2000;

Dong et al., 2003; Fan et al., 2003; Zou et al., 2004). In previous

work, we have synthesized a bis(thioether) ligand, PBT, which

contains two 2-(5-methyl-1,3,4-thiadiazolyl)sulfanyl groups

separated by an o-xylylene spacer (Zheng & Liu, 2003). In this

paper, we report the crystal structure of the title compound,

(I), which is a new Ag complex with this ligand.

In (I), atoms Ag1, N3 and O2 lie on a twofold axis (Fig. 1).

The compound is a one-dimensional polymer and the

geometry of the AgI cation is a distorted tetrahedron,

comprised of two N donors from two thiadiazole rings of

separate PBT ligands and two O-atom donors from one

nitrate, with AgÐN and AgÐO bond distances within the

ranges expected for such coordination (Carlucci et al., 1998;

Engelhardt et al., 1985; Gotsis & White, 1987).

As in uncoordinated PBT (Zheng & Liu, 2003), the two

terminal 2-(5-methyl-1,3,4-thiadiazolyl)sulfanyl groups in (I)

point in opposite directions from the benzene plane, in order

to reduce the steric repulsion between them. The dihedral

angle between the two thiadiazole planes is 50.5 (2)�, and that

between the terminal group and the central benzene plane is

86.6 (3)�. Each PBT ligand bridges two adjacent Ag atoms

through AgÐNthiadiazole coordination to form an in®nite chain

along the c axis, with an Ag� � �Ag separation of 11.462 (4) AÊ

(e.g. Ag1A� � �Ag1B in Fig. 2).

In the crystal packing of (I), adjacent one-dimensional

chains are potentially linked into a double-chain motif (Fig. 2)

through weak Ag� � �S interactions [3.54 (3) AÊ ; Orpen et al.,

1989; Suenaga et al., 1999; Zheng et al., 2003] and �±� stacking

interactions [the interplanar distance between parallel neigh-

bouring thiadiazole rings from two chains is 3.33 (3) AÊ and the

corresponding centroid-to-centroid distance is 3.72 (4) AÊ ]. All

Ag atoms are coplanar and all ligands contribute symme-

trically to the plane of the Ag atoms. The two terminal thia-

diazole groups of the PBT ligands lie above and below this

plane.

In contrast with other AgI complexes with bis(thiadiazol-

ylthioether) ligands (Zheng et al., 2003), only one N atom of

the thiadiazole ring coordinates to the Ag atom in (I). The

reason may be that, in PBT, two thiadiazole rings are bridged

by a relatively rigid o-xylylene spacer and stretched towards

the same side of the benzene ring (cis conformation), and this

therefore makes the methyl group on the thiadiazole stretch
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Figure 1
The molecular structure of (I), with 30% probability displacement
ellipsoids. [Symmetry code: (i) x, y, z ÿ 1.]



outside. The bulkiness of the methyl group probably hinders

the coordination of the neighbouring N atom.

Experimental

The ligand PBT was prepared in our previous work (Zheng & Liu,

2003) by the reaction of 5-methyl-2-mercapto-1,3,4-thiadiazole

and bis(dibromomethyl)benzene. A solution of AgNO3 (90 mg,

0.5 mmol) in methanol (10 ml) was carefully layered on a solution of

PBT (183 mg, 0.5 mmol) in chloroform (10 ml), and the mixture was

kept in the dark. Colourless crystals of (I) suitable for X-ray analysis

were obtained after about two weeks (yield 55%). Elemental analysis

calculated: C 31.32, H 2.61, N 13.05%; found: C 31.17, H 2.68,

N 12.83%. IR (KBr pellet, �, cmÿ1): 2946 (m), 2868 (w), 1730 (w),

1631 (m), 1497 (m), 1468 (s), 1436 (vs), 1408 (vs), 1376 (vs), 1286 (vs),

1250 (vs), 1190 (s), 1158 (m), 1111 (vs), 1052 (s), 1030 (s), 982 (m), 817

(m), 786 (s), 713 (s), 611 (s).

Crystal data

[Ag(NO3)(C14H14N4S4)]
Mr = 536.41
Monoclinic, C2=c
a = 10.670 (5) AÊ

b = 15.720 (7) AÊ

c = 11.462 (5) AÊ

� = 90.627 (7)�

V = 1922.4 (15) AÊ 3

Z = 4

Dx = 1.853 Mg mÿ3

Mo K� radiation
Cell parameters from 538

re¯ections
� = 2.7±24.9�

� = 1.51 mmÿ1

T = 293 (2) K
Block, colourless
0.25 � 0.15 � 0.08 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996;
Blessing, 1995)
Tmin = 0.704, Tmax = 0.889

3722 measured re¯ections

1710 independent re¯ections
1389 re¯ections with I > 2�(I)
Rint = 0.022
�max = 25.0�

h = ÿ12! 12
k = ÿ18! 10
l = ÿ12! 13

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.025
wR(F 2) = 0.054
S = 1.02
1710 re¯ections
124 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.025P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 0.37 e AÊ ÿ3

��min = ÿ0.41 e AÊ ÿ3

H atoms were placed geometrically and re®ned using a riding

model, with CÐH distances in the range 0.93±0.97 AÊ and with

Uiso(H) = 1.2Ueq(C).

Data collection: SMART (Bruker, 1998); cell re®nement: SMART;

data reduction: SAINT (Bruker, 1998); program(s) used to solve

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

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

SHELXTL (Bruker, 1998).
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: OB1194). Services for accessing these data are
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Figure 2
A view of the double-chain motif linked through Ag� � �S weak
interactions in (I), with all H atoms omitted for clarity. Atoms labelled
with the suf®xes A, B, C, D, E or F are at the symmetry positions (ÿx, y,
3
2 ÿ z), (ÿx, y, 5

2 ÿ z), (ÿx, y, 7
2 ÿ z), (x, ÿy, z ÿ 1

2), (x, ÿy, 1
2 + z) and (x,

ÿy, 3
2 + z), respectively.

Table 1
Selected geometric parameters (AÊ , �).

Ag1ÐN2 2.200 (2) Ag1ÐO1 2.506 (2)

N2iÐAg1ÐN2 141.29 (11)
N2ÐAg1ÐO1 100.30 (7)

N2ÐAg1ÐO1i 114.85 (7)
O1ÐAg1ÐO1i 50.71 (10)

Symmetry code: (i) ÿx; y; 3
2ÿ z.


