
metal-organic compounds

m248 # 2004 International Union of Crystallography DOI: 10.1107/S0108270104008042 Acta Cryst. (2004). C60, m248±m249

Tetrakis(pyridinium-2-thiolato)zinc(II)
dinitrate

Yi-Hang Wen, Jian Zhang, Jian-Kai Cheng, Zhao-Ji Li,

Ye-Yan Qin, Yao Kang, Rui-Feng Hu and Yuan-Gen Yao*

State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the

Structure of Matter, Chinese Academy of Sciences, Fuzhou, Fujian 350002, People's

Republic of China

Correspondence e-mail: yyg@ms.fjirsm.ac.cn

Received 25 March 2004

Accepted 2 April 2004

Online 11 May 2004

The crystal structure of the title compound, [Zn(C5H5NS)4]-

(NO3)2, consists of a [Zn(C5H5NS)4]2+ (C5H5NS is pyridinium-

2-thiolate) cation and two nitrate anions. The central ZnII

atom lies at a site with imposed 4 symmetry and is surrounded

by four S atoms [ZnÐS = 2.3371 (5) AÊ ] from four symmetrical

pyridinium-2-thiolate ligands in a distorted tetrahedral

geometry. There are NÐH� � �O hydrogen-bonding interac-

tions between the pyridinium-2-thiolate ligands and nitrate O

atoms. In addition, �±� interactions via aromatic N-containing

ligands are discussed.

Comment

The pyridine-2-thiol [PySH, (I)] ligand gives rise to an

extensive chemistry with structural diversity, since it can

coordinate both in the `thiolate' and the tautomeric `thione',

(II), forms. Some structural reports on transition metal

complexes containing the PySH ligand have appeared in the

literature, in which it binds in monodentate (Lobana et al.,

1998), bidentate chelating (Block et al., 1991), bidentate

bridging (Lobana et al., 1999) or doubly bridging modes (Hong

et al., 1999). We report here the synthesis and structural

characterization of the title compound, (III), a mononuclear

zinc compound.

The present X-ray single-crystal diffraction study reveals

that the crystal structure of (III) contains a discrete [Zn-

(C5H5NS)4]2+ cation with the Zn atom on a site with imposed 4

symmetry; the unique nitrate anion has twofold imposed

symmetry. As illustrated in Fig. 1, the Zn atom displays a

distorted tetrahedral geometry, and each Zn atom is coordi-

nated by four S atoms [ZnÐS = 2.3371 (5) AÊ ; Table 1] from

four pyridinium-2-thiolate ligands. The cations and anions are

further linked by hydrogen bonding between pyridinium-2-

thiolate ligands and nitrate O atoms (Table 2).

Although the PySH ligand has two coordination sites, only

the S atom bonds to the metal ion in (III). This Zn[S4] coor-
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Figure 1
A view of the structure of (III), showing 30% probability displacement
ellipsoids [symmetry codes: (a) 7

4 ÿ y, x ÿ 1
4,

1
4 ÿ z; (b) 2 ÿ x, 3

2 ÿ y, z;
(c) 1

4 + y, 7
4 ÿ x, 1

4 ÿ z; (d) x, 2 ÿ y, 1
2 ÿ z].

Figure 2
A perspective view, along the c axis, of the crystal packing in (III),
showing the carpet-like structure. H atoms have been omitted for clarity.
Zn atoms are shown as the largest sphere type and the nitrate anions can
be seen occupying the interstices of the lattice.



dination is also of interest because it clearly demonstrates the

preference for S-coordination over N-coordination, an

observation that is in accord with the prevalence of tetra-

hedral Zn[S4] coordination in zinc enzymes (Vallee & Auld,

1993; Holm et al., 1996; Lipscomb & StraÈ ter, 1996).

A most interesting structural feature of (III) is that it

presents a regular motif along the c axis. As shown in Fig. 2,

open `cavities' are constructed by the cations, and the nitrate

anions proportionately occupy these cavities, forming a

carpet-like framework structure.

In addition, it is worth noting that there are relatively short

distances [centroid separation = 3.484 (2) AÊ , interplanar

spacing = 3.359 (1) AÊ and centroid shift = 0.92 (9) AÊ ] between

the pyridine-ring plane and the symmetry-related plane at

(3
2 ÿ x, 3

2 ÿ y, 1
2 ÿ z) in an adjacent cation, implying strong �±�

interactions in (III). According to Janiak (2000), these �±�
interactions should be assigned to an offset stacking; �±�
stacking, is an important motif in forming extended structures,

from low to multidimensional. In (III), �±� interactions and

hydrogen-bonding interactions lead to the formation of a

three-dimensional network structure.

Experimental

A mixture of pyridine-2-carboxylic acid (0.062 g, 0.5 mmol) and

Zn(NO3)2�6H2O (0.149 g, 0.5 mmol) was dissolved in a mixed solu-

tion of MeOH±H2O (3:2 v/v, 25 ml) and stirred at 333 K for 30 min.

PySH (0.056 g, 0.5mmol) was then added and the resulting mixture

was stirred continuously for 1 h. Green prism-shaped crystals of (III)

were obtained by slow evaporation of the solution at room

temperature.

Crystal data

[Zn(C5H5NS)4](NO3)2

Mr = 634.03
Tetragonal, I41=acd
a = 18.534 (3) AÊ

c = 14.693 (4) AÊ

V = 5047.2 (18) AÊ 3

Z = 8
Dx = 1.669 Mg mÿ3

Mo K� radiation
Cell parameters from 6926

re¯ections
� = 2.2±25.0�

� = 1.35 mmÿ1

T = 293 (2) K
Prism, green
0.38 � 0.38 � 0.30 mm

Data collection

Bruker P4 diffractometer
! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.629, Tmax = 0.666

14 775 measured re¯ections
1112 independent re¯ections

1109 re¯ections with I > 2�(I)
Rint = 0.015
�max = 25.0�

h = ÿ22! 19
k = ÿ15! 22
l = ÿ17! 17

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.020
wR(F 2) = 0.055
S = 1.03
1112 re¯ections
85 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0319P)2

+ 6.9441P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.003
��max = 0.22 e AÊ ÿ3

��min = ÿ0.18 e AÊ ÿ3

All H atoms were located theoretically, with CÐH distances of

0.93 AÊ and an NÐH distance of 0.86 AÊ , and treated as riding, with

Uiso(H) = 1.2Ueq(C,N).

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

and SAINT (Siemens, 1994); data reduction: XPREP in SHELXTL

(Siemens, 1994); program(s) used to solve structure: SHELXTL;

program(s) used to re®ne structure: SHELXTL; molecular graphics:

SHELXTL; software used to prepare material for publication:

SHELXTL.
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Table 1
Selected geometric parameters (AÊ , �).

Zn1ÐS1 2.3371 (5)

S1iÐZn1ÐS1 103.666 (10)
S1iiÐZn1ÐS1 121.84 (2)

C1ÐS1ÐZn1 108.05 (5)

Symmetry codes: (i) 1
4� y; 7

4ÿ x; 1
4ÿ z; (ii) 2ÿ x; 3

2ÿ y; z.

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1A� � �O2 0.86 2.18 3.0223 (13) 168


