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In the title complex, [Fe(NCS)2(C4H2N6)2(H2O)2]n, the FeII

atom is on an inversion centre and the 4,40-bi-1,2,4-triazole

(btr) group is bisected by a twofold axis through the central

NÐN bond. The coordination geometry of the FeII atom is

elongated distorted FeN4O2 octahedral, where the cation is

coordinated by two N atoms from the triazole rings of two btr

groups, two N atoms from NCSÿ ligands and two water

molecules. Btr is a bidentate ligand, coordinating one FeII

atom through a peripheral N atom of each triazole ring,

leading to a one-dimensional polymeric (chain) structure

extending along [101]. The chains are further connected

through a network of OÐH� � �N and CÐH� � �S hydrogen

bonds.

Comment

Recently, considerable interest has been paid to iron coordi-

nation complexes which exhibit a large variety of magnetic

behaviour ranging from purely high spin (S = 2) to low spin

(S = 0) and solid-state spin-crossover. In general, the differ-

ence in electron con®guration of the central Fe atom parallels

large structural modi®cations of the coordination geometry,

especially the Fe±ligand bond lengths. In the case of spin-

crossover materials, the characteristics of the spin transition

(e.g. transition temperature, transition abruptness or hyster-

esis) are closely related to the structural features, such as FeII

coordination geometry, crystal packing, or the presence of

solvent molecules or counter-ions in the voids of the structure

(GuÈ tlich et al., 1994). Co-operative interactions in the solid are

a prerequisite for practical applications of these materials in

nanotechnology and molecular electronics, since co-opera-

tivity may govern hysteretic spin transitions. One strategy for

designing highly co-operative systems relies on the use of

polydentate bridging ligands with the hope of creating a

polymeric structural organization in the solid state. Numerous

Fe spin-crossover materials exhibit an extended polymeric

structure, and among these in®nite chains, planar and three-

dimensional networks built up from 4-substituted 1,2,4-tri-

azole units have been described. We report here the crystal

structure analysis of the title polymeric FeII coordination

complex, [Fe(NCS)2(btr)2(H2O)2]n (btr is 4,40-bi-1,2,4-tria-

zole), (I), with a one-dimensional topology.

The Fe atom in (I) lies on an inversion centre and the btr

group is bisected by a twofold axis through the central NÐN

bond. The coordination geometry of the cation is an elongated

distorted FeN4O2 octahedron involving two N atoms from two

triazole rings, two N atoms from thiocyanate ligands and two

water molecules (Fig. 1). The coordination polyhedron is

highly elongated in the triazole directions, with similar FeÐN1

and FeÐO1 bond lengths in the basal plane, which are typical

for [Fe(NCS)2(L)2(H2O)2] complexes in the high-spin electron

con®guration. In contrast, the FeÐN2 bond of 2.2319 (5) AÊ is

the longest observed for any 4-substituted 1,2,4-triazole

ligand. For comparison, values from 2.180 (3) to 2.223 (3) AÊ

have been reported for the layer systems [Fe(NCS)2(btre)2]

[btre is 1,2-bis(1,2,4-triazol-4-yl)ethane] (Garcia et al., 2005)

and [Fe(NCS)2(btr)2]�H2O (Vreugdenhil et al., 1990), and

from 2.151 (3) to 2.164 (3) AÊ for the three-dimensional

complex [Fe(btr)3](ClO4)2 (Garcia et al., 1999). Considerably

shorter FeÐN bonds, in the range 1.950 (2)±1.994 (5) AÊ , are

observed for the corresponding low-spin states (Pillet et al.,

2004; Garcia et al., 1999).

According to the coordination geometry in (I), it is

expected that the electron con®guration of the central Fe atom

is high spin, with an attempted assignment of the quantum axis

as x and y along N1 and O1 and z along N2, as a result of the

pseudo-D4h distortion. The high-spin electron con®guration

would also be in agreement with the colourless aspect of the

crystals at room temperature and even at 120 K; the lowest
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Figure 1
The coordination environment of atom Fe1 in (I), showing 50%
probability displacement ellipsoids and the atom-numbering scheme.
[Symmetry code: (ii) ÿx + 1

2, ÿy + 3
2, ÿz + 1.]



energy d±d spin-allowed transition (5T2g!5Eg) generally

occurs in the near-IR for this class of compound. In addition,

several other complexes for which the central FeII ion is

FeN4O2-coordinated by two water molecules and four btr

ligands have been reported and their high-spin state con®rmed

by magnetic and MoÈ ssbauer measurements (Garcia et al.,

2001).

The octahedral angular distortion in (I), de®ned as the sum

of the deviations from 90� of the 12 XÐFeÐY angles (� =

13�), is at the lower limit of all the other bitriazole (btr and

btre) complexes listed above (14.8±21.2�) and is small

compared with typical high-spin FeII complexes (Guionneau et

al., 2004).

The NCS group of (I) adopts a quasi-linear geometry with

respect to the Fe atom, with an FeÐNÐC angle of 175.48 (6)�.
The triazole rings are oriented in an almost planar con®g-

uration with respect to the Fe atom and NCS groups, induced

by a weak C2ÐH2� � �N1ii hydrogen bond [symmetry code: (ii)

ÿx + 1
2, ÿy + 3

2, ÿz + 1]; the r.m.s. deviation of all the atoms

concerned from the mean plane is 0.04 AÊ . As for the btr group,

the CÐN and NÐN bond lengths, and especially the differ-

ences between the longest (C2ÐN4 and C3ÐN4) and shortest

(C2ÐN2 and C3ÐN3) bonds, are consistent with those

reported in the literature (Domiano, 1977; Garcia et al., 1999;

Vreugdenhil et al., 1990; Pillet et al., 2004) and indicative of the

main mesomeric form depicted in the chemical scheme and

discussed recently in the light of electron-density results for

[Fe(NCS)2(btr)2]�H2O (Legrand et al., 2006). On the other

hand, the dihedral angle between the two symmetry-related

(symmetry code: ÿx, y, ÿz + 1
2) triazole rings of one btr

fragment [72.58 (2)�] is clearly lower than in all other btr-

containing materials, with dihedral angles ranging from 90� in

crystalline btr (Domiano, 1977) to 77.35� in [Fe(btr)3](ClO4)2

(Garcia et al., 1999). Free rotation of the two triazole rings

around the central N4ÐN4i bond [symmetry code: (i) ÿx, y,

ÿz + 1
2] is hindered by the potential H� � �H close contact that

would arise if the dihedral angle were too low.

The crystal packing of compound (I) consists of Fe atoms

bridged by btr ligands to form in®nite parallel chains running

along the [101] crystallographic direction. The corresponding

Fe� � �Fe separation along the chains [9.1937 (3) AÊ ] is in the

same range as the separation in the high-spin crystal structure

of [Fe(NCS)2(btr)2]�H2O at room temperature [9.30 (2) AÊ ]

and is much longer than that in the high-spin structure of

[Fe(btr)3](ClO4)2 at 260 K (8.67 AÊ ). The chains are connected

through a network of OÐH� � �N and CÐH� � �S hydrogen

bonds in the (010) plane and in the perpendicular [010]

direction, leading to a three-dimensional network with

corresponding shortest inter-chain Fe� � �Fe separations of

6.6559 (1) and 5.8299 (1) AÊ , respectively (Fig. 2). The shortest

hydrogen bond, O1ÐH5� � �N3iii, occurs in the [010] direction

[symmetry code: (iii) x, y ÿ 1, z]. Even though the C2Ð

H2� � �S1v hydrogen bond [symmetry code: (v) x ÿ 1
2, y ÿ 1

2, z]

might seem rather long at ®rst sight, we suspect it is never-

theless involved in the stabilization of the chain packing, as

can be judged in Fig. 2(b).

Experimental

The ligand 4,40-bi-1,2,4-triazole (btr) was synthesized as described by

Haasnoot & Groeneveld (1979). A solution containing btr (0.40 g,

2.94 mmol) dissolved in a mixture of water (5 ml) and methanol

(5 ml) was warmed to 333 K and added to a solution containing

[Fe(H2O)6](ClO4)2 (0.35 g, 0.96 mmol) and ascorbic acid (1 mg)

dissolved in water (10 ml) warmed to 333 K. The resulting solution

was layered on top of dichloromethane (10 ml) in a closed test tube.

Large colourless single crystals of (I) grew at the water±methanol/

dichloromethane interface over a period of several weeks. The

crystals were air sensitive.

Crystal data

[Fe(NCS)2(C4H2N6)2(H2O)2]
Mr = 343.85
Monoclinic, C2=c
a = 19.2178 (4) AÊ

b = 5.82990 (10) AÊ

c = 11.9673 (2) AÊ

� = 112.287 (2)�

V = 1240.63 (4) AÊ 3

Z = 4
Mo K� radiation
� = 1.56 mmÿ1

T = 120 (2) K
0.19 � 0.14 � 0.09 mm

Data collection

Oxford Xcalibur CCD area-
detector diffractometer

Absorption correction: Gaussian
(CrysAlis RED; Oxford
Diffraction, 2003)
Tmin = 0.69, Tmax = 0.83

13719 measured re¯ections
3829 independent re¯ections
3300 re¯ections with I > 2�(I)
Rint = 0.015

Re®nement

R[F 2 > 2�(F 2)] = 0.028
wR(F 2) = 0.073
S = 1.09
3829 re¯ections

102 parameters
All H-atom parameters re®ned
��max = 1.39 e AÊ ÿ3

��min = ÿ0.30 e AÊ ÿ3

metal-organic compounds
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Figure 2
Two views of the packing of chains at right angles to one another around
the [101] chain direction and showing hydrogen-bond contacts. (a) A view
normal to the b axis and (b) a view along the b axis. [Symmetry codes: (iii)
x, y ÿ 1, z; (iv) ÿx + 1

2, y ÿ 1
2, ÿz + 1

2; (vi) x + 1
2, y ÿ 1

2, z.]



H atoms were located in a difference Fourier synthesis and re®ned

freely [CÐH = 0.908 (14)±0.923 (14) AÊ and OÐH = 0.835 (19)±

0.837 (19) AÊ ], with (different) global isotropic displacement para-

meters for C- and O-bound H atoms. The highest positive residual

electron-density peak is located at the Fe site, on the centre of

inversion.

Data collection: CrysAlis CCD (Oxford Diffraction, 2003); cell

re®nement: CrysAlis RED (Oxford Diffraction, 2003); data reduc-

tion: CrysAlis RED; program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEPII (Johnson, 1976) and

PLATON (Spek, 2003); software used to prepare material for

publication: WinGX (Farrugia, 1999) and PLATON.
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Table 1
Selected geometric parameters (AÊ , �).

Fe1ÐN1 2.0928 (6)
Fe1ÐN2 2.2319 (5)
Fe1ÐO1 2.1192 (5)
N1ÐC1 1.1671 (8)
C1ÐS1 1.6293 (7)
C2ÐN2 1.3006 (8)

C3ÐN3 1.3074 (8)
C2ÐN4 1.3584 (8)
C3ÐN4 1.3633 (9)
N2ÐN3 1.3898 (8)
N4ÐN4i 1.3728 (10)

N1ÐFe1ÐN2 91.36 (2)
N1ÐFe1ÐO1 88.58 (2)
O1ÐFe1ÐN2 90.47 (2)

Fe1ÐN1ÐC1 175.48 (6)
N1ÐC1ÐS1 179.40 (6)

Symmetry code: (i) ÿx; y;ÿz� 1
2.

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

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

O1ÐH4� � �N3iv 0.837 (19) 2.42 (2) 3.1989 (9) 155.1 (16)
O1ÐH5� � �N3iii 0.835 (19) 2.021 (19) 2.8435 (8) 168.4 (17)
C2ÐH2� � �N1ii 0.923 (14) 2.523 (13) 3.0625 (9) 117.7 (10)
C2ÐH2� � �S1v 0.923 (14) 2.875 (14) 3.5000 (6) 126.2 (10)

Symmetry codes: (ii) ÿx� 1
2;ÿy� 3

2;ÿz� 1; (iii) x; yÿ 1; z; (iv) ÿx� 1
2; yÿ 1

2;ÿz� 1
2;

(v) xÿ 1
2; yÿ 1

2; z.


