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In the title compound, (C12H11FN)[Ni(C4N2S2)2]�C2H3N,

completely segregated columnar stacks of anions and cations

are observed. The anion columns have identical Ni� � �Ni

distances of 4.2874 (9) AÊ . Within the cation columns, the

benzene rings are parallel to each other; however the centre-

to-centre distance between adjacent aromatic rings is more

than 4.2 AÊ , and so no �±� stacking interactions are found.

Comment

In recent years, many new unexpected physical phenomena

have been found, especially for low-dimensional spin systems,

such as slow relaxation of magnetization and hysteresis effects,

which are not associated with three-dimensional order

(Caneschi et al., 2001), valence-ordering structure (Mitsumi et

al., 2002), spin-charge separation state (Lorenz et al., 2002)

and a distinct plateau in magnetization (Wolf et al., 2002).

Investigations of these phenomena motivate the corre-

sponding theoretical research in this ®eld (Clay et al., 2003;

Orignac & Citro, 2003). Our aim is to construct quasi-one-

dimensional molecular magnetic materials formed by

[M(mnt)2]ÿ (M is Ni3+, Pd3+ or Pt3+; mnt is maleodinitriledi-

thiolate). More recently, we have developed a new class of (R-

BzPy)+[Ni(mnt)2]ÿ salt, in which R-BzPy+ is the derivatives of

benzylpyridinium. These compounds stack as well separated

anion and cation columns in the solid state. We found that the

nature of the substituents on the aromatic rings of the R-

BzPy+ ions affects the stacking pattern of these compounds,

and further in¯uences the magnetic properties of these

compounds (Ren et al., 2002; Xie, Ren, Song, Zhang et al.,

2002; Xie, Ren, Song, Zou & Meng, 2002; Xie et al., 2003). In

order to investigate the relationships between substituent

effects, the stacking patterns of these compounds and the

magnetic properties of the materials, we report here the

crystal structure of the title compound, (I), a member of this

series.

Compound (I) crystallizes in the space group C2/c with one-

half of an [Ni(mnt)2]ÿ anion, one-half of a 1-(3-¯uoro-
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benzyl)pyridinium cation and one-half of a solvent molecule,

MeCN, in the asymmetric unit. In the anion, the Ni atom lies

on an inversion centre and exhibits square-planar coordin-

ation by four S atoms. The SÐNiÐS bond angle for the

chelate ring is 92.71 (4)�, and the two NiÐS bond lengths are

very similar [2.1414 (11) and 2.1483 (10) AÊ ]. These values are

comparable to those found in other [Ni(mnt)2]ÿ-based

complexes (Ren et al., 2001, 2002). The CN groups are nearly

coplanar with the plane de®ned by the four S atoms, the

deviations being 0.04 (5), 0.051 (5), 0.026 (5) and 0.056 (5) AÊ

for atoms C1, C4, N1 and N2, respectively.

In the cation, which lies on a twofold rotation axis and is

disordered, the dihedral angle between the aromatic ring and

the C6/C5/C6A plane is 89.55 (12)�, which means that the two

planes are almost perpendicular to each other.

The compound stacks in completely segregated columns of

anions and cations, as illustrated by the projection along the

crystallographic b axis shown in Fig. 2. Within the anion

columns, the Ni� � �Ni distances between neighbouring anions

are identical [4.2874 (9) AÊ ], the plane-to-plane separation

between adjacent anions is 3.541 (2) AÊ (Fig. 3), and the

shortest S� � �S and Ni� � �S contacts are 3.8362 (16) and

3.6113 (12) AÊ , respectively. The shortest Ni� � �Ni contact of

between columns of [Ni(mnt)2]ÿ ions is 10.613 (2) AÊ , which is

much longer than the Ni� � �Ni distance between columns of

[Ni(mnt)2]ÿ. Within the cation columns, the benzene rings are

parallel to each other; however, the centre-to-centre distance

between adjacent aromatic rings is more than 4.2 AÊ ; thus no

�±� stacking interactions are found, whereas they exist in

other compounds of this series (Ren et al., 2002).

Experimental

Disodium maleonitriledithiolate (Na2mnt) was prepared following

the procedure described by Davison & Holm (1967). 1-(3-Fluoro-

benzyl)pyridinium chloride was prepared by reacting 3-¯uoro-benzyl

chloride with 1.5 equivalents of pyridine in re¯uxed acetone for about

4 h. The white microcrystalline product was ®ltered, and washed with

acetone and diethyl ether in turn. The yield was more than 85% after

drying in a vacuum. NiCl2�6H2O, Na2mnt and 1-(3-¯uorobenzyl)-

pyridinium chloride (equivalent molar ratio 1:2:2) were combined in

water; the precipitated product was ®ltered off, washed with water

and then dissolved in a little MeCN. Iodine (1 molar equivalent) was

added to this solution, with stirring, at room temperature. Three times

the resulting volume of MeOH was then added and the mixture was

allowed to stand overnight. The resulting microcrystals were ®ltered

off, washed with MeOH and dried in a vacuum. Single crystals of (I)

suitable for structure analysis were obtained by diffusing diethyl

ether into an MeCN solution of (I).

Crystal data

(C12H11FN)[Ni(C4N2S2)2]�C2H3N
Mr = 568.36
Monoclinic, C2=c
a = 28.961 (6) AÊ

b = 4.2874 (9) AÊ

c = 20.788 (4) AÊ

� = 96.53 (3)�

V = 2564.5 (9) AÊ 3

Z = 4

Dx = 1.472 Mg mÿ3

Mo K� radiation
Cell parameters from 454

re¯ections
� = 3.2±17.5�

� = 1.11 mmÿ1

T = 293 (2) K
Block, brown
0.20 � 0.15 � 0.10 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2000)
Tmin = 0.826, Tmax = 0.898

6564 measured re¯ections

2512 independent re¯ections
2024 re¯ections with I > 2�(I )
Rint = 0.019
�max = 26.0�

h = ÿ30! 35
k = ÿ4! 5
l = ÿ25! 25
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Figure 2
The completely separated stacking columns along b axis. Dashed lines
indicate weak hydrogen-bonding interactions.

Figure 3
A uniformly spaced anion column.

Figure 1
The structure of (I), showing 30% probability displacement ellipsoids,
with the atomic numbering scheme. N(3) and C(6) are disordered on the
same site; there is corresponding N/C disorder for C(6A). The single F
atom is statistically distributed over the four sites shown. H atoms have
been omitted.



Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.149
S = 1.04
2512 re¯ections
183 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.09P)2

+ 1.99P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 0.78 e AÊ ÿ3

��min = ÿ0.57 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Ni1ÐS1 2.1414 (11) Ni1ÐS2 2.1483 (10)

S1ÐNi1ÐS2 92.71 (4) S1ÐNi1ÐS2i 87.29 (4)

Symmetry code: (i) 3
2ÿ x;ÿ1

2ÿ y; 1ÿ z.

All H atoms were placed in calculated positions (CÐH = 0.93 AÊ ),

with Uiso(H) = 1.2 Ueq(parent atom). Owing to the fact that atom C5

of the cation lies on a twofold axis, the 1-(3-¯uorobenzyl)pyridinium

cation is disordered. Atoms N3 and C6 occupy the same site with an

occupation factor of 50% each. Moreover, the F atom is distributed

over four sites, and its occupation factor on each of these sites is 25%.

The disordered model was re®ned using the available tools in

SHELXL97.

Data collection: SMART (Bruker, 2000); cell re®nement: SMART;

data reduction: SAINT (Bruker, 2000); program(s) used to solve

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

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.
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